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FOREWORD 

Crop losses and control costs make the boll weevil one of the most injur- 

ious insects in the United States. Directly and indirectly, it is responsible for 

30% of all insecticides used in American agriculture. Increased irrigation 

and fertilization of cotton and other changes in cotton production technology, 

beginning in the mid-1940’s, increased losses and control costs considerably. 

In the mid-1950’s the development of boll weevil resistance to the commonly 

used organochlorine insecticides necessitated a change to the more hazardous 

organophosphorus compounds. 

These developments spurred the cotton industry, in 1958, to appeal to 

Congress for an overall program of research that would adequately deal with 

an ever-increasing boll weevil problem. Congress directed the Secretary of 

Agriculture to review the situation and submit a report of research and 

facility needs to meet the boll weevil problem. The Office of the Secretary 

appointed a study group to develop the information. The study group’s report 

made two recommendations. The first provided for increasing ongoing re- 

search at three of the six locations where Federal research on the boll weevil 

was underway. The second recommendation provided for the establishment 

of the Boll Weevil Research Laboratory to concentrate on new approaches to 

boll weevil control. In 1960, Congress appropriated the necessary funding to 

implement the two recommendations. The intensified joint research efforts 

of the cotton industry, State agricultural experiment stations, and the U.S. 

Department of Agriculture during the next 8 years resulted in the develop- 

ment of anumber of extremely promising suppression measures. 

These achievements prompted the National Cotton Council of America, 

in 1969, to appoint a special study committee on boll weevil eradication. This 

committee, with the help of a technical advisory group, considered actions 

that should be taken if and when research advanced to the stage that boll 

weevil eradication might be considered to be technically and operationally 

feasible. In a meeting of this committee and its advisory group, held on May 

6, 1969, reports of progress in research suggested that suppression tech- 

niques might already have been developed to the extent that eradication 

might be achieved. Therefore, the committee felt that a pilot experiment was 

necessary to test the various suppression measures. 

A special subcommittee made numerous onsite visits to various boll 

weevil infested areas and eventually chose an area in south Mississippi, in 

cluding adjoining areas of Alabama and Louisiana, for the experiment. The | 

area was chosen because it was regarded as one of the most difficult areas in 

which to achieve eradication. The Pilot Boll Weevil Eradication Experiment, 

the largest entomological experiment ever attempted, encompassed a land 

area of approximately 20,000 square miles, of which approximately 0.2 % 

was planted in cotton. A Technical Guidance Committee was appointed to 

provide overall guidance for the conduct of the experiment and liaison with 

the numerous industry, State, and Federal groups involved, and to assess the 

results of the experiment. Funding was provided by the State of Mississippi, 



Cotton Incorporated, and the U.S. Department of Agriculture. The experi- 

ment began in 1971 and terminated in 1973. 

Numerous individuals and groups with strong commitments to the ex- 

periment, and many interested individuals not associated with the experi- 

ment, felt the need to present the findings in a public forum. The forum was 

enlarged to include research findings that led to or were associated with the 

Pilot Boll Weevil Eradication Experiment, assessments of the experimental 

results, and proposed future strategies in dealing with the boll weevil prob- 

lem. The forum was organized into two conferences, both of which were pre- 

sented in Memphis, Tenn. Conference I, entitled ““Research on Boll Weevil 

Suppression and Elimination Technology,” was presented February 13-14, 

1974, and was sponsored by the U.S. Department of Agriculture and State 

agricultural experiment stations, cooperative extension services, and depart- 

ments of agriculture of the Southern Region, in cooperation with Cotton In- 

corporated and the National Cotton Council of America. Conference II, en- 

titled “Boll Weevil Management and Elimination Strategies,” was presented 

February 15, 1974, and was sponsored by the National Cotton Council of 

America in cooperation with Cotton Incorporated and the land-grant univer- 

sities in boll weevil infested States. The program committee members were 

F. J. Boyd, supervisory entomologist, Animal and Plant Health Inspection 

Service, U.S. Department of Agriculture, Mississippi State, Miss.; F. A. 

Harris, professor of entomology, Mississippi State University, Mississippi 

State, Miss.; R. C. Riley, principal entomologist, Cooperative State Research 

Service, U.S. Department of Agriculture, Washington, D.C.; George A. 

Slater, vice president, Agricultural Research, Cotton Incorporated, Raleigh, 

N.C.; J. Ritchie Smith, director, Technical Research Service, National Cotton 

Council of America, Memphis, Tenn.; and D. F. Young, Jr., leader, Extension 

Entomology, Mississippi State, Miss. 

All of the presentations that were made available to the conference co- 

ordinator and the recorded final discussion are included in this volume. 

T. B. DAVICH, Chairman and Conference Coordinator, 

Boll Weevil Research Laboratory 

Agricultural Research Service 
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HISTORY OF THE BOLL WEEVIL PROBLEM 

By William H. Cross? 

Before the 1890’s we did not know there was 

a boll weevil. Pre-Columbian Indians in Central 

America and Mexico may have known of its 

damaging cotton, but we can find little evidence 

of it except for an adult specimen found in a 

Gossypium hirsutum L. boll fragment from 

Oaxaca, Mexico, in diggings dated 900 A.D. If 

Spanish Americans had boll weevil problems be- 

fore the middle 1800’s no record has been seen. 

The earliest known record of the boll weevil did 

not even connect it with cotton. It was described 

by C. H. Boheman in 1843 as Anthonomus 

grandis from an adult collected 1831-1835, and 

labeled ‘“Veracruz” with no host record. 

But in 18938, C. H. DeRyee, a distressed citizen 

of Corpus Christi, Tex., wrote the U.S. Depart- 

ment of Agriculture describing difficulties of 

the farmers in the Brownsville area, who were 

confronted with a new cotton pest. He described 

the late season crop as being heavily damaged by 

an insect laying eggs in squares and small bolls. 

By 1894, six South Texas counties were infested 

by this pest, subsequently identified as Anthon- 

omus grandis. Leland O. Howard, chief of U.S. 

Department of Agriculture’s former Division of 

Entomology, dispatched C. H. Tyler Townsend 

to examine infested territories in this area and 

in adjacent areas in Mexico. He soon reported on 

the dangers involved in allowing the boll weevil 

to move into the cotton-growing South. He 

looked for mechanical explanations for the ap- 

pearance of the boll weevil in Texas, but was 

unaware of its capacity for flying long distances. 

In Monclova, Coahuila, Mexico, he found evi- 

dence that the boll weevil had damaged culti- 

vated cotton there as early as the 1850’s. 

As the boll weevil spread into Texas, various 

remedies were suggested. The U.S. Department 

of Agriculture early recommended stalk destruc- 

tion during the fall to deprive the weevil of his 

food supply. Many weevil catching machines 

1 Research entomologist, Boll Weevil Research Labora- 

tory, Agricultural Research Service, U.S. Department 

of Agriculture, P.O. Box 5367, Mississippi State, Miss. 

39762. 

were proposed. One was mule-drawn with re- 
volving brooms which shook weevils into at- 
tached pans, another picked up and destroyed 
fallen squares, and another blew fine, powdered 

poison on the plants. Farmers tried to destroy 

the pest with ashes, lime, london purple, and 

paris green. The one remedy that Townsend 

recommended was poisoned molasses. A number 

of communities promoted hand picking of adult 

weevils and set up funds to pay for them, offer- 

ing from 10¢ to 50¢ per 100. A Waelder, Tex., 

merchants’ fund to pay 15¢ per 100 was rapidly 

expended when 15,000 to 35,000 per day were 

brought in. As far back as 1908, early maturing 

varieties of cotton were employed to make a crop 

before seasonal infestations reached damaging 

levels. 

It was commonly thought that the boll weevil 

wowld reach a northern limit. In 1903 two pro- 

fessors in Louisiana promoted a plan to establish 

a noncotton belt along Louisiana’s western 

boundary to prevent the weevil’s entry into their 

State. But in 1904 weevils appeared in Louisi- 

ana, and by then 32% of U.S. cotton was in- 

fested. The boll weevil was rapidly becoming 

U.S. agriculture’s major pest. In this year, dem- 

onstration programs to educate the southern 

farmer in boll weevil control were begun. 

The march of the weevil had reached to within 

a few miles of the southwest corner of Missis- 

sippi by 1906. Some proposed that the Missis- 

sippi River was an adequate barrier to its spread. 

But then on September 20, 1907, W. D. Hunter, 

visiting at Natchez, found that the weevil had 

crossed the river at a number of points. The sub- 

sequent spread of the weevil took it to the last of 

the Southeast’s cotton on the shores of Virginia 

by 1922. More recent extensions of the boll wee- 

vil’s range occurred in 1953, when the Presidio, 

Tex., area was first reported infested from 

Mexico populations to the south, and in 1961, 

when a notable spread into the Texas High 

Plains was observed. These latter reports 

warned of the weevil’s possible adaptation to 

dryer western areas. 



As already mentioned, early emphasis was 
placed on mechanical and cultural control. Even 
in 1910 the basic biology of the boll weevil was 
well understood, and its more important natural 
enemies were known. But interest in biological 
studies and biological control diminished in the 
1930’s when calcium arsenate was first used as 
an effective control of the boll weevil. Later, in 
the mid-1940’s, the highly persistent arsenate 
was replaced by a combination of DDT and toxa- 
phene and related compounds. When DDT was 
banned in 1972 by the Environmental Protection 
Agency because of its persistence, it was fortu- 
nate that organophosphate compounds. such as 
methyl parathion, Guthion, and malathion were 

available. But the ever-present threat of the 
weevil’s developing resistance to insecticides 
and the concurrent price we pay in killing off 
predators and parasites of other cotton insects 
(especially the bollworm and the tobacco bud- 

bo 

worm) have led to the recent emphasis on an in- 
tegrated program against the boll weevil. 
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ECONOMIC IMPACT OF THE BOLL WEEVIL 

By Robert R. Coker? 

A great deal of time, energy, and money has 

been spent on the boll weevil over the past dec- 

ades, and I think most people concerned with 

cotton production agree that we cannot afford 

this pest any longer. 

When the boll weevil moved into our section 

of South Carolina in 1920, we lost 31% of our 

crop. Since that time, we have found many ways 

to fight the pest, but losses have continued des- 

pite the use of all the suppression measures that 

have been developed. 

In our section, as in all other weevil problem 

areas, we rely mainly on insecticides to keep the 

pest from taking our crop. Year after year on 

our farm, we make from 15 to 20 insecticide ap- 

plications. Even so, the boll weevil adds 7¢ to 10¢ 

a pound to our cotton production cost. The cost 

varies from place to place, but it averages about 

314¢ to 4¢ a pound across the boll weevil belt. 

Crop losses and control costs alone range from 

$200 million to $300 million every year. More in- 

secticides are applied for boll weevil control than 

for control of any other crop insect. The U.S. 

Department of Agriculture estimates that one- 

third of all insecticide used in this country is re- 

quired because of the boll weevil problem. The 

cotton industry has run up a $12 billion bill since 

the insect entered this country from Mexico in 

1892. 

From 1909 through 1954, the U.S. Depart- 

ment of Agriculture made annual estimates of 

crop loss attributed to the boll weevil. By pro- 

jecting these loss figures through 1971, we find 

that for the period 1909 through 1971, the total 

loss of cotton and cottonseed directly attribut- 

able to the boll weevil amounted to 85.4 million 

bales of cotton and 36.3 million tons of seed. 

Based on farm prices during this 63-year period, 

1Cotton producer and chairman, National Cotton 

Council Boll Weevil Action Committee, P.O. Box 340, 

Hartsville, S.C. 29550. 

the lint and cottonseed lost amounted to more 

than $11 billion, or an annual average of $175 

million. 

The 36.3 million tons of cottonseed would have 

produced 114 billion gal of cottonseed oil, and 

would have required 190,000 railroad tank cars 

to transport it. Domestic disappearance of food 

fats and oil is nearly 52.7 lb per capita annually. 

At this rate, the cottonseed oil lost would have 

provided the total food fats and oil requirements 

for the total population of the United States for 

an entire year. The cottonseed lost would have 

produced 1614 million tons of high protein meal, 

and 9 million tons of hulls. Given the fact that 98 

Ib of cottonseed meal used with the proper 

amount of silage will produce 100 lb of beef, the 

meal that was lost could have produced 169 lb of 

meat for every man, woman, and child in the 

United States. 

The 85.4 million bales of cotton destroyed be- 

tween 1909 and 1971, if placed end to end, would 

extend in a straight line 72,799 mi long, and 

would reach around the earth at the equator al- 

most three times. It would reach approximately 

one-third the distance from the earth to the 

moon. 

From one bale of cotton can be produced 640 

long-sleeved, combed-cotton shirts, 3,408 me- 

dium-weight diapers, or 5,485 handkerchiefs. 

According to the 1970 census, there are 71.5 mil- 

lion males in the United States 14 years or older. 

The cotton lost to the boll weevil, if made into 

shirts, would have provided these individuals 

with 764 shirts each. Made into diapers, it would 

have provided each of the 8 million children in 

the United States under 2 years old with 36,000 

diapers each. The same cotton made into hand- 

kerchiefs would have provided 130 for each of 

the 3.6 billion inhabitants of this planet. 

These are just the direct losses. Indirect costs 

attributable to the boll weevil are also great. Ef- 

3 



forts to control the boll weevil create other cost- 

ly insect problems. For example, insecticide ap- 

plications directed against the weevil eliminate 

many beneficial insects and bring on increased 

bollworm infestations and population explosions 

of other cotton pests. These mushrooming prob- 

lems often require the use of still more insecti- 

cide, and the expenditure of still more money. 

There are other costs that are difficult to 

gage. When a farmer runs a spray rig over his 

fields, for example, in addition to chemical costs 

and the cost of the fuel and labor, he further com- 

pacts the soil. It costs something to work that 

soil to break up the cumulative effect of many 

compactions, some of them the result of insecti- 

cide application, and soil compaction hurts cot- 

ton yields and quality. 

Other indirect costs include machinery wear 

and to some extent even machinery investment, 

all made necessary by the presence of the boll 

weevil. 

Consider, too, all of the pickup trucks running 

back and forth to keep spray rigs running and to 

transport insecticides to the fields. Every mile 

so spent is money paid to the boll weevil. 

Massive programs of containment add their 

toll, too, to the weevil’s price tag, and yet the pest 

spreads except where costly vigilance guards the 

weevil’s path to new territory. If the boll weevil 

is allowed to remain in U.S. cottonfields it al- 

ready occupies, it will continue to pose dangers 

to the irrigated West. Scientists believe that the 

future spread of the insect to the West is vir- 

tually certain unless something is done to stop 

it. If it is allowed to move west, it would of 

course add more farms, more States, and more 

dollars to its impact. 

Now is the time to act, tiniess we want to let 

ourselves be locked into a prublem which has 

grown past the point that we can afford. 

In fighting the boll weevil and trying to pro- 

tect our crops against its ravages, we have 

gradually built a workable technology. There 

were the days of paris green, of course—a futile 

exercise that was more costly perhaps in its 

economic context than the most sophisticated 

methods of crop protection today. We used cal- 

cium arsenate and killed many boll weevils, but 

we also created aphid problems, and began to see 

what a sharp fulcrum nature has under her bal- 

ances, where a tiny move on one end of the see- 

saw causes a corresponding shift on the other 
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end. Scientists later gave us the chlorinated hy- 

drocarbons and they worked against the weevil 

—until the insect began to develop resistance. 

Today, because of resistance, problems with 

nontarget insects, environmental concern, and 

Government regulations which have removed 

some of our most effective chemicals from our 

arsenal, we are left with only the organophos- 

phorus compounds and the very real possibility 

that boll weevils may develop resistance to those 

chemicals. If we lose our present chemical weap- 

ons against the weevil, the economic impact on 

the grower can easily be a 50% loss of his crop 

ina year’s time. 

Another phase of economic considerations in 

the boll weevil problem is Government appropri- 

ations. The first Federal money for boll weevil 

investigations was a $2,000 appropriation in 

1896. During the next 55 years—down to 1950— 

the total amount spent by the Federal Govern- 

ment on boll weevil research was $3,207,697. In 

this same period, the weevil caused losses of 

more than $10 billion. In the next 9 years, 1951 

through 1959, direct Federal research and Fed- 

eral grants to State experiment stations totaled 

$1,312,842. In 1960, Congress appropriated $1,- 

100,000 to build the Boll Weevil Research Labor- 

atory (BWRL) at State College, Miss. Further 

appropriations included $165,000 for staffing 

the BWRL; $40,000 each for existing labs in 

South Carolina and Texas; $32,000 for the Baton 

Rouge Cotton Insect Research Laboratory; and 

an additional $125,000 to build new facilities at 

the Florence, S.C., laboratory. Since the BWRL 

has been in operation, it has been budgeted at 

around $800,000 to $1 million each year. The 

Pilot Boll Weevil Eradication Experiment 

(PBWEE) cost about $5 million which came 

from the U.S. Department of Agriculture, Cot- 

ton Incorporated, and State of Mississippi funds. 

All this means that more than $21 million in 

Federal, State, and cotton industry funds have 

been spent exclusively for boll weevil eradication 

since the BWRL was put into operation in 1961. 

This is a sizable, yet very wise investment, in. 

the opinion of many in Government and in the 

cotton industry. But it will be largely wasted un- 

less the elimination program proceeds. If the 

boll weevil is allowed to continue its ravages, 

much of this investment will have gone into a 

mere holding action. 



THE BOLL WEEVIL AS A KEY PEST 

By D. G. Bottrell2 

Smith and van den Bosch (1967) defined key 

pests as “serious, perennially occurring, persist- 

ent species that dominate control practices. In 

the absence of deliberate control by man, the pest 

populations usually remain above economic-in- 

jury levels.”’ In other words, these are the stub- 

born pests that appear nearly every year and, 

unless controlled, inflict serious economic losses. 

By Smith’s and van den Bosch’s definition, the 

boll weevil, Anthonomus grandis Boheman, was 

a key pest in approximately 52% of the cotton 

grown in the United States in 1972, seriously 

occurring in 7.3 million acres out of a total of 14 

million (Thomas 1974). It was a marginal pest 

on an additional 12% of the 1972 crop, or 1.7 

million acres. 

Though in the literal sense the boll weevil is a 

key pest in only about half of the U.S. cotton 

acreage, its impact on cotton and the surround- 

ing environment amounts to a “key problem” 

confronting the American people. Undoubtedly, 

the species is the most costly insect pest of cot- 

ton, causing estimated yield losses of 8% an- 

nually; in addition, it is the target for approxi- 

mately 30% of all insecticides used in American 

agriculture (National Cotton Research Task 

Force 1973). Much of this insecticide treatment 

results in destruction of natura] enemies of other 

cotton pests, and this leads to f:rther insect 

losses, control costs, and contamination of the 

environment. 

There can be no doubt that the application of 

insecticides for boll weevil control has been a 

major factor in the continuation of profitable 

cotton production. It has been shown many times 

that, left uncontrolled, the boll weevil is often 

eapable of inflicting nearly complete cotton 

losses. 

1 Associate professor, Department of Entomology, 

Texas Agricultural Experiment Station, Texas A&M 

University, College Station, Tex. 77843. 

In spite of the positive benefits gained from 

the use of insecticides against the boll weevil, 

however, quite serious problems have resulted 

from complete reliance on insecticides. Walker 

and Niles (1971) describe the chronology of 

these problems, which began shortly after World 

War II, when chlorinated hydrocarbons were 

introduced. At first, these materials were highly 

effective against the boll weevil. Control was 

spectacular and yields were greatly increased as 

a result. The producers became totally reliant on 

these materials to control the pest. 

The new insecticides allowed the planting of 

indeterminate cotton varieties which produced 

fruit over a long period in the season without 

interference from boll weevil attack. Producers 

no longer needed to plant early-maturing cotton 

varieties, which previously had been planted in 

attempt to mature the crop early enough in the 

season to escape damage by high population 

densities of weevils which developed later in the 

year. Also, early stalk destruction was no longer 

necessary, though previously the practice had 

been accepted as a means to decrease the over- 

wintering potential of weevil populations by 

eliminating cotton as a food source. 

Thus the new insecticides not only protected 

cotton from depredation by the boll weevil, but 

they also permitted the development of a new 

cotton production system. Early maturing vari- 

eties were replaced with indeterminate varieties. 

The practice of early stalk destruction was dis- 

continued. Also, since insecticides allowed for 

greater yielding potential, producers could af- 

ford to fertilize and irrigate their cotton. This 

new production system boosted the cotton vields, 

which resulted in greater profits, which, in turn, 

justified the use of even greater quantities of 

insecticides to combat the boll weevil. The new 

production system also created an environment 

which favored a greater potential for boll weevil 
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population increase, but this potential was 
masked by the insecticide treatments. 

By the mid-1950’s, however, it became evident 
that the chlorinated hydrocarbon insecticides, 
and the new cotton production system which 

they permitted, were not without their limita- 
tions. The boll weevil became resistant to these 
insecticides, and resistance soon spread through- 

out the insect’s range (Eden 1968). Also, the 

bollworm, Heliothis zea (Boddie), and tobacco 

budworm, H. virescens (F.), soon became re- 
sistant to the materials (Adkisson and Nemec 
1966). The boll weevil and these other pests soon 
flourished on the lush growing cotton. 

To overcome the problems of resistance, pro- 
ducers switched to organophosphorus materials. 
These materials, although highly effective, had 

to be applied more frequently than the chlorin- 

ated hydrocarbons because of their shorter resid- 
ual life. The increased frequency of application 
imposed a greater insecticide load on the cotton 
ecosystem. It also caused almost total destruc- 

tion of populations of natural arthropod ene- 

mies. The unfortunate result has been the out- 
break of potential pests such as bollworms and 
tobacco budworms. These pests have inflicted 

more damage than the boll weevil, for which the 

insecticides were initially applied. In many parts 

of Texas, for example, the budworm is resistant 

to all insecticides registered for use on cotton 

(Adkisson 1969). It has inflicted disastrous 

damage on cotton in the Lower Rio Grande Val- 

ley in spite of the fact that cotton in the area has 

been treated 20 times or more annually with 

methyl parathion (Adkisson 1973). 

Concurrently with the appearance in the 

1950’s of strains of boll weevils resistant to 

chlorinated hydrocarbons, the species continued 

to increase its range in the United States. Dam- 

aging infestations of the insect occurred near 

Presidio in the arid Trans-Pecos area of Texas 

in the nearly 1950’s (Robertson 1957). This was 

more than 200 mi west of previously detected 

damaging infestations. At about the same time 

the boll weevil invaded the Presidio area, it also 

began to establish itself in previously uninfested 

areas to the north and northwest in Texas. In the 

early 1950's, it became a new pest in the northern 

Texas Rolling Plains. In the late 1950’s and early 

1960’s, the pest invaded the Texas High Plains 

and caused severe economic damage to cotton 

along the eastern fringe areas (Bottrell et al. 
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1972). Finally, the thurberia boll weevil broke 

out on cotton in southern Arizona in mid-1960’s 

(Fye 1968). 

In the past 25 years, the boll weevil also has 

increased its range in countries other than the 

United States (Cross 1973). The species has 

spread into Venezuela, Colombia, and Hispani- 

ola (Burke 1968). 

Why is it that the boll weevil, an insect alien 

to the United States until as recent as the late 

1800’s, when it entered from Mexico, has estab- 

lished itself so firmly in American agriculture? 

The boll weevil is no different than many 

other key pests, especially those which entered 

this country from other world regions. The 

weevil is merely one of the many key pests of 

American agriculture possessing numerous 

“built in” defense mechanisms to prevent its ex- 

tinction. It also is merely one of many key pests 

possessing “built in” offense mechanisms to in- 

sure its extension over and beyond the present 

pest situation. Let us examine some of the bio- 

logical mechanisms responsible for the ever- 

growing weevil problem in the United States. 

1. The insect’s genetic plasticity and its abil- 

ity to continually adapt to new environments.— 

The boll weevil’s spread and establishment in the 

United States over the past 80 years in them- 

selves should be proof of the species’ tremendous 

plasticity. In the United States alone, the spe- 

cies has successfully adapted to environments 

ranging from near-tropical to arid, cold-winter 

situations. The development of resistance to the 

hydrochlorinated insecticides should be further 

proof of the insect’s ability to successfully adapt 

to wide-ranging and even hostile environments. 

There is no reason whatsoever to suspect that 

the boll weevil cannot someday extend its range 

into every part of the United States where cot- 

ton is grown. Further, there is no reason to sus- 

pect that the pest will not eventually become 

resistant to the organophosphorus compounds. 

2. The lack of highly effective native biologi- 

cal control agents.—As is often the case with 

introduced pests, the boll weevil has no highly 

effective natural enemies which regulate its 

population density. There are numerous natural 

enemies which attack the boll weevil (refer 

Bottrell, “Biological Control Agents of the Boll 

Weevil,” this volume) and some of these induce 

a high level of population mortality under cer- 

tain situations. In general, however, natural 



constraints on the weevil populations by para- 

sites, pathogens, and predators are not suffi- 

cient by themselves to prevent the pest from 

causing economic damage. 

3. High reproductive potential and faculative 

diapause.—There are several reproductive gen- 

erations (two to four) of boll weevils each vear, 

and one or two diapausing generations as well. 

Numerous entomologists have calculated that 

one pair of reproductive weevils in the spring 

could theoretically result in several million 

weevils late in the season. Of course, because of 

various environmental constraints, this rate of 

-Increase is never observed. Nevertheless, the 

reproductive potential in the boll weevil is ex- 

tremely high, varying from 2- to 40-fold per 

generation under natural conditions in cotton 

without insecticide treatment (Cross 1973). 

Walker (1966) observed that the rate of in- 

crease in a natural population of boll weevils 

was inversely related to the population density; 

1.e., proportionately higher rates were observed 

in smaller populations. Presumably, the larger 

populations limit square production, which lim- 

its the oviposition sites. 

Diapause, first observed in boll weevil by 

Brazzel and Newsom (1959) is a phenomenon 

occurring in the adult stage that bridges the 

pest between cotton seasons. This winter sur- 

vival mechanism insures that certain members 

of a population which enter hibernating habitat 

in fall will emerge in spring and repopulate cot- 

ton in the area. Neither the entry of a popula- 

tion of weevils into diapause nor their emer- 

gence from this state is synchronized to an exact 

time of the year. That is, the appearance of dia- 

pause extends over a period of several weeks in 

the late summer and fall, and emergence from it 

extends over a comparable period in spring and 

summer. This mechanism in the species allows 

for wide adaptation to new environments and 

insures continual survival in one area. 

4. Great dispersal powers.—The rapid exten- 

sion of the boll weevil’s range during its first 

few years in North America as well as the more 

recent extensions described above have come 

about largely as a result of innate migration and 

port by man. Long-range dispersal or migration 

dispersal tendencies and not accidental trans- 

occurs during the late season and has been re- 

sponsible for the weevil’s expanding many miles 

into previously uninfested cotton in just one 

year (Bottrell et al. 1972). This behavioral 

characteristic, which occurs in both reproduc- 

tive and diapausing weevils, is probably the sin- 

gle most powerful survival trait the boll weevil 

possess. It allows the insect to continually in- 

vade new territories and to reinvade old terri- 

tories temporarily ridded of the species. 

The purpose of these conferences is to review 

the basic and applied knowledge on the boll 

weevil and to explore the present feasibility of 

eliminating or eradicating the pest with avail- 

able technology. Undoubtedly, costs which have 

been estimated as necessary to achieve this am- 

bitious task are only nominal compared to the 

costs the pest has inflicted on American agricul- 

ture. Achievement of the goal of complete elim- 

ination of the pest from the United States would 

be a major contribution to the American people. 

However, what if anything less than com- 

plete elimination is achieved after an “all out’ 

war has been implemented against the pest 

throughout the Cotton Belt? That is, what kind 

of a boll weevil pest-situation would exist if 

economic weevil damage was stopped at the end 

of the proposed beltwide attempt, but the insect 

still survived in low numbers? What prophyl- 

axis would then be required to deal with the 

situation? I am of the opinion that promoters of 

the beltwide elimination program are evading 

such questions. 

Because there is ample optimism concerning 

the complete elimination of boll weevil from the 

United States, I would like to inject a few words 

of pessimism, perhaps realism, about the conse- 

quences entomologists and the American people 

may have to face if less than complete elimina- 

tion is achieved. 

Presently, the boll weevil is a genuine monster 

to deal with. Although organophosphorus insec- 

ticides can be used effectively against the pest, 

both on reproductive and reproduction-diapause 

schedules, they must be applied at frequent in- 

tervals to effect good control. But in due course, 

the applications almost invariably disrupt the 

natural biological control of Heliothis and other 

potential pests of cotton. It hardly seems neces- 

sary to discuss the problems arising once this 

disruption occurs, since most of us are familiar 

with the economic disasters potential in the ap- 

pearance of the resistant tobacco budworm in 

cotton (Adkisson 1969). 

What, then, would be the expected behavior of 
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Heliothis in an all-out beltwide elimination at- 

tempt which would rely on more insecticide 

applications than those now being used? Isn’t 

it possible that the boll weevil applications would 

be counteractive? That is, would they not pos- 

sibly create a resistant Heliothis, a problem far 

more serious than that of the boll weevil? Fur- 

thermore, does it not appear highly likely that 

the severe insecticide pressure on the weevil 

throughout its complete range in the United 

States, which an elimination effort would re- 

quire, would increase the chances of an organo- 

phosphorus-resistant strain appearing in the 

U.S. population? True, the pest is currently un- 

der tremendous selection pressure in many areas 

of the United States. But we also must remem- 

ber that much weevil-infested cotton in the 

United States is currently not being treated at 

all, which means that selection pressure across 

the Cotton Belt would be greatly increased dur- 

ing the insecticidal phases of an eradication at- 

tempt. 

There is no doubt that complete beltwide elim- 

ination of the boll weevil as a key pest would be 

a giant stride for North American agriculture. 

On the other hand, a beltwide attempt at elim- 

ination which was anything less than completely 

successful could result in the fabrication of an 

organophosphorus-resistant “‘superduper”’’ pest. 
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Boll weevil development, i.e., population in- 

crease, requires food and favorable weather. 

Cotton squares are the preferred food for rapid 

development of the immature stages and high 

rates of egg-laying by the adults. The rate of de- 

velopment in bolls is somewhat slower and bolls 

become unsuitable for egg deposition at about 16 

days of age. 

A mean temperature in the low 80’s is opti- 

mum for rapid weevil population increase. In- 

terestingly enough, the mean July temperature 

throughout the U.S. boll weevil belt ranges from 

78° to 86° F, optimum for the boll weevil. 

The immature stages (egg, larva, pupa, and 

callow adult) are passed in 2 weeks in squares at 

optimum temperatures. The preoviposition peri- 

od requires 5 or 6 days. This gives a minimum 

generation time of 214 to3 weeks. 

The egg-laying period lasts for 3 to 6 weeks— 

as long or longer than the developmental period. 

Some 250 to 300 eggs are laid by a female weevil. 

Infested squares turn yellow, flare, and usual- 

ly drop to the ground. Here they may be ex- 

posed to fatal high temperatures, commonly re- 

ferred to as “sun kill.”’ The squares detached 

from the plant are subject to dessication, which 

may prove fatal to the larvae and pupae. The 

combination of hot, dry weather is the most 

common mortality factor limiting the rate of 

increase of boll weevil populations during sum- 

mer when food is abundant. 

1 Professor, Department of Entomology, University 

of Arkansas, Fayetteville, Ark. 72701. 

_ SEASONAL DEVELOPMENT OF THE BOLL WEEVIL 

By Charles Lincoln? 

Weevils starve in the absence of food except 

when they are in a state of reproductive dia- 

pause. Weevils in diapause survive from one 

crop year to the next. 

Complete description of seasonal population 

development in fruiting cotton is complex. Dia- 

pausing boll weevils enter the following crop 

over a long time period, often a month after 

fruiting has begun. The egg-laying period is 

usually longer than the developmental period, 

giving a complete overlap of generations. Weath- 

er affects developmental rates, egg-laying, and 

mortality. Weevils enter diapause, removing 

them from the reproducing population. 

A practical alternative to complete analysis of 

this complex interplay of factors is simply to 

measure populations by field scouting. Boll 

weevil populations increase 2.5-fold weekly un- 

der favorable conditions. Hot, dry weather re- 

duces this rate, often drastically. As the fruit 

load shifts from mostly squares to mostly bolls, 

the increase rate slows down. 

A given field may provide abundant squares 

for weevil development for 6 to 9 weeks, depend- 

ing on soil fertility, variety, weather, irrigation, 

etc. At 2.5-fold rate of weekly increase, the sea- 

sonal population increase would be 100-fold in 6 

weeks and 1,600-fold in 9 weeks. 

A boll weevil control program, as presently 

practiced, utilizes the actual rate of increase in 

deciding whether or not to apply insecticides. In 

a boll weevil elimination program, it would be 

prudent to assume the maximum rate of in- 

crease. 



DIAPAUSE AS IT RELATES TO THE BOLL WEEVIL 

Anthonomus grandis Boheman 

By J.R. Phillips! 

In the initial paper describing a diapausing 

boll weevil’ the following criteria were used: (1) 

Cessation of gametogenesis, (2) atrophy of 

gonads, (8) increase in fat body, (4) decrease in 

the respiratory rate, and (5) decrease in water 

content. Since this paper, most researchers 

working in the area of boll weevil diapause have 

ceased using decreased respiratory rate and de- 

creased water content as determining factors 

and equate diapause with an animal that is fat 

and has atrophied gonads. I feel that this is a 

serious mistake, since both reproductive and 

nonreproductive weevils with increased body fat 

have been collected in midsummer. Conversely, 

nonfat weevils have been taken that included 

both reproductive and nonreproductive weevils. 

In most cases, however, the majority of the 

questionable individuals were females. 

Based on the present status of data in Arkan- 

sas, it is my opinion that three distinct female 

types can be identified with diapause: (1) An 

individual that emerges in diapause, fat, and 

with atrophied gonads (this weevil probably 

does little or no feeding), (2) an individual that 

emerges and feeds, but egg resorption occurs be- 

fore any oviposition occurs, and (8) an individ- 

ual that emerges, feeds, and oviposits some be- 

fore egg resorption occurs. The last two types 

are dependent upon being able to feed before the 

fat body is developed, and in this sense are de- 

pendent upon food’s being available before they 

can enter diapause. 

Certain environmental stimuli have been re- 

ported to be involved in the initiation of the dia- 

pause photoperiod. There are many papers deal- 

ing with the subject. Generally, the concensus is 

that short days (10-11 h of light) induce dia- 

pause, and long days (13-14 h of light) inhibit 

diapause. Other stimuli reported to induce dia- 

pause include exposure to night temperatures of 

10° C during the adult stage, boll feeding during 

1 Professor, Department of Entomology, University of 

Arkansas, Fayetteville, Ark. 72701. 

2 Brazzel, J. R., and Newsom, L. D. 1959. Diapause in 

Anthonomus grandis Boh. J. Econ. Entomol. 52: 603- 

611. 
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the adult stage, limitation of the quantity of 

squares (flowerbuds) during the adult stage, 

immature development in bolls, and plant ma- 

turity. 

The importance of the photoperiod in the dia- 

pause phenomenon is well recognized. It pro- 

vides the animal with a stimulus that recurs 

every year with mathematical precision, and is 

certainly a reliable indicator of seasons. It fol- 

lows that with decreasing photoperiod, cool 

temperatures, and the food implication, a boll 

weevil could be expected to diapause sometime 

after July 30. There is ample evidence in the lit- 

erature to support this assumption. 

In data collected during 1973 in two locations 

in Arkansas, we found that as many as 80% of 

the P, females entered diapause at both loca- 

tions. It was not until midsummer that female 

diapause began to decline. During this same time 

period only a few males entered diapause under 

the same conditions. Weevils used in this study 

were collected as immatures in squares and held 

in an open-air insectary until adult emergence. 

Adults were fed both squares and synthetic diet 

with essentially no differences in the manifesta- 

tion of diapause characteristics. If early dia- 

pause of this magnitude occurs frequently, we 

certainly must determine the behavior and fate 

of these weevils. 

The host is certainly implicated in these find- 

ings. We have collected additional data during 

the past 2 years that further support the fact 

that the condition of the cotton plant is very 

much a stimulus contributing to the onset or in- 

hibition of diapause in the boll weevil. 

We have conducted many tests to determine 

the influence of plant condition on diapause. In 

brief summary of our data, it can be said that 
generally any condition that induces stress on 

the cotton plant may cause an increase in dia- 

pause. This increase can and will occur under 

photoperiod and temperature conditions that 

normally inhibit diapause. Auxin inhibitors and 

plant maturity will also cause an increase in dia- 

pause response. This was found to be especially 

true in fast-fruiting, early-maturing varieties 



supplied by Texas A&M University. (See tables 

1-6.) 

These data support the assumption that the 

weevil in its northward movement has adapted 

to photoperiod as an indicator of season but has 

also retained the capacity to “‘read”’ its host, no 

doubt a characteristic that evolved around the 

occurrence of dry- and wet-season conditions 

that exist south of the border. Thus, we seem to 

have an aestival diapause weevil (responding to 

host) and a hibernal diapausing weevil (re- 

sponding to photoperiod). 

TABLE 1.—Boll weevil diapause as influenced by 

host plant maturity, Newport, 1972 

Fruiting Percent diapause 
Entry 

pattern Males Females Total 

66-M-10..... Past peak ...... 14,29 61.11 33 

1x6=56 ....-.... Past peak ...... 15.79 57.14 40 

Meanie bien cae ot. 15.15 59.38 37 

Other Increasing 
entries ...... to peak ...... 12.96 23.58 18.6 

1 Weevils were collected as 7- to 10-day-old immatures on 

July 27, 1972, reared to 7-day-old adults, then dissected. 

TABLE 2.—Boll weevil diapause response to ad- 

justed vs. normal fruiting levels, Arkugo 

+1 cotton, Altheimer 

Date Date Percent diapause 

immatures of Adjusted Normal 
collected dissection} fruiting? fruiting 

Ifulk7 PES os ooane Jute, PX0) ouisowed 12.1 14.1 

INU} 1B 8010 of Noes SO) odin avobe 40.0 61.5 
INO PPA co5085.0 Sept.10 ........ 51.7 63.9 

Aug. 29....... Oct cA ss: 57.9 75.0 

1 Dissected as 7-day-old adults. 
275,000 squares/acre. 

TABLE 3.—Diapause in progeny of overwintered 

weevils 

Location and Date Percent diapause 
date immatures ! 

collected dissected Males Females Total 

Newport: 

July’S Seen. o July 25 ..... 0 929 46.4 
July 10-11 ..... uly OT ee 0 59.5 33.3 

inlvalsueeee o> Aug. 3 ..:.. Ole OG) NO 
Altheimer: 

June 29-July 2 .July 23 ..... 2.6 73.3 40.5 
July Geren e Tuly 250)... 0 46.2 23.1 
July 9-13...... July 26 ..... 0 39.0 18.0 

TABLE 4.—Diapause on cotton treated with an 

antiauxin, DPX-2801 

Checks Mean, all treatments 

Squares 

per acre 
Date Diapause 

Squares 

per acre 
Diapause 

(%) (1,000’s) (1000's) ‘%) 

July 25 treatment: 

Ny 4250 eee 219 aaa 244 ee G 

INTEB SOA: Bo ees 160 9.4 166 12.8 

AOA TNS) hie plate 197 18.1 212 28.1 

Aug li rsa: 142 44.7 218 24.0 
Aug. 7 treatment: 

Aug. 7 ...--. 179 sees 213 

AugealiGmacrnr 178 sates 212 Satsis 

AU oO Siem 125 32.5 203 24.0 

Aug. 29 ...... 99 63.5 186 59.7 

Sept. 18 ...... 6 76.1 34 63.6 

TABLE 5.—Seasonal diapause in boll weevils, 

Newport, 1973 

Collection Dissection Percent diapause 

date date Males Females 

Junllyade Aieere ree cctses July 28 ...... 0 92.9 

folly loco rane July 31 ...... 0 59.5 
July 1 fo Pee oa ice AIO Ree O livery scar: 0 13.2 

lly Deyiibee sae AO WGP rereieesers 10.5 17.6 

AU GR recent JN MOA be Betcha 0 28.6 

Aue Si a INOW OX) ce, dea oid 2.3 20.7 
Aug. 15....... Septany 3) eriat 22.6 29.2 
INT ORY Nae sa ole Sept. 13 so4u0. 66.1 67.4 

Aug. 29....... Sept ile 44.6 60.6 

Septe 10! ccistries Sept.: 29: -...... 56.0 61.7 
Sept OMe) Ockhe Oise ec: 59.4 76.8 

Sept: 19 ....... OeeeOn se 79.6 88.8 
Sept. 26....... Oct*albraae. 68.9 64.7 

TABLE 6.—Seasonal diapause in boll weevils, 

Altheimer, 1973 

Collection Dissection Percent diapause 

date date Males Females 

June 27 ....... uly wQ3 recs ac 2.6 73.3 
July (AVS Bary 643 July DONS EAD ake 0 54.5 

July ellie a dae julysOr) ete 8.3 14.3 
Tuly a8 tet INGER Oooo ae 3.5 23.1 
uly" 25 sec BNC Al opdiopoe 1.6 29.7 

Aug. ie er INO} Wiis cathe 9.2 34.4 
Augie ise. Aug oO ieee: 21.5 35.7 
INP OV A= Ob ob Bic Septol eee 50.8 58.2 
Aug. 29 ....... Septliviaeerrr:: 44.1 83.4 

Septan Diceet- air Sept Qe sua 75.9 73.3 
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| Cienfuegosia drummondii AS A HOST 

OF THE BOLL WEEVIL, Anthonomus grandis, 

IN SOUTH TEXAS’ 

By Horace R. Burke and Wayne E. Clark? 

The first report involving association of the 

boll weevil, Anthonomus grandis Boheman, with 

plants of the genus Cienfuegosia was made by 

Szumkowski (1952) who observed the weevil 

developing on Cienfuegosia affinis (H.B.K.) 

Hochr. in Venezuela. Cross et al. (1975) sum- 

marize the known association of the boll weevil 

with species of Cienfwegosia and include the 

first record of reproduction on C. rosei Fryx. 

near Tehuantepec, Oaxaca, Mexico. Lukefahr 

and Martin (1962) later reported that Cienfue- 

gosia drummondu (A. Gray) Lewt. served as a 

host of the boll weevil in South Texas. The latter 

authors found the plant to be fairly widespread 

in the middle and lower coastal areas of Texas, 

and observed infestations of weevils at several 

localities. 

Fryxell (1969) conducted a comprehensive 

taxonomic study of the genus Cienfuegosia and 

mentioned some interesting points concerning 

the distribution of C. drummondi. In addition 

to Texas, this plant occurs in Brazil and Para- 

guay, and is widely distributed in Argentina. 

Fryxell theorizes that the establishment of the 

plant in Texas probably resulted from dis- 

persal from the Southern Hemisphere. The 

actual dispersal agent is not known but on the 

basis of circumstantial evidence, Fryxeli sug- 

gests that birds may have been involved. 

Parrott et al. (1969) studied feeding stimu- 

1‘fech. Contrib. 11072, Dep. Entomol., Tex. Agric. 

Exp. Stn., Tex. A&M Univ. Research supported by CSRS 

Grant No. 116—-15-01 entitled ‘Improvement of Present 

Methods for Total Population Suppression of the Boll 

Weevil.” 

2 Professor and research assistant, respectively, De- 

partment of Entomology, Texas A&M University, Col- 

lege Station, Tex. 77843. 
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lant and attractant characteristics of several 

malvaceous plants and concluded that of those 

tested C. drummondu (then known as C. sul- 

phurea) and Thespesia populnea (L.) Soland. 

possessed the most suitable qualities as alternate 

hosts for the boll weevil. 

The study reported herein began in June 1971 

and continued through December 1973. The 

field work was conducted mostly in the Coastal 

Bend region of Texas (as defined by Gould and 

Box 1965) with occasional examinations of 

plants farther south in Willacy and Cameron 

Counties. Some laboratory studies were carried 

out at College Station. The principal purpose of 

the study was to investigate the field biology and 

ecology of Anthonomus grandis on Cienfuegosia 

drummondu. Aspects of the study receiving spe- 

cial attention were seasonal incidence of weevil 

infestations, larval and adult feeding habits, 

preference of the weevil for oviposition sites on 

the plants, relationship of parasites and preda- 

tors to the weevil, and the distribution and 

ecology of the plant in Texas. 

DISTRIBUTION AND ECOLOGY 

OF C. drummondiu 

Distribution 

As mentioned in the “Introduction,” C. drum- 

mondii occurs in Argentina, Brazil, Paraguay, 

and South Texas. In Texas the plant is appar- 

ently confined mostly to the coastal counties ex- 

tending from Calhoun County to Cameron Coun- 

ty (fig. 1). The upper six of these counties (Cal- 

houn, Refugio, Aransas, San Patricio, Nueces, 

and Kleberg) are sometimes referred to as the 



CALHOUN CO. 
REFUGIO CO. 
ARANSAS CO. 
SAN PATRICIO CO. 
NUECES CO. 
KLEBERG CO. 
KENEDY CO. 
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CAMERON CO. 
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* Plants infested with boll weevils 

@ Plants uninfested 

FIcuRE 1.—Distribution of Cienfuegosia drummondii 

along the lower Texas gulf coast, with designation 

of localities infested by the boll weevil. Distribution 

based on records madé during the present study, 

Fryxell (1969), and information provided by M. J. 

Lukefahr. 

Coastal Bend region of Texas (Gould and Box 

1965). Kenedy County is the only county in this 

series in which C. drummondii is not known to 

occur. The reason for this disjunction in an oth- 

erwise continuous distribution from north to 

south is probably due to the predominance of 

sandy soils in Kenedy County, which constitute 

an unfavorable habitat for the plant. The inac- 

cessibility of most of the county resulting from 

the presence of large ranches and the lack of 

public roads has also discouraged search for the 

plant there. A narrow strip of land along the 

eastern edge of the county adjacent to the La- 

guna Madre apparently has clayey soils which 

may be suitable for colonization of the plant. In 

such case, a narrow corridor would be provided 

linking the northern and southern populations 

of the plant. Fryxel (1969) also cites two rec- 

ords of specimens collected from sites farther 

inland (at “Gonzales” and on the “banks of the 

Colorado above Austin’). These records were 

taken from herbarium specimens collected over 

100 years ago and there is no evidence that the 

plant has been found to occur so far inland since. 

A 1925 record of the plant, ‘“S of Dallas,” is so 

vague as to be meaningless. 

The northern limit of the distribution of C. 

drummondi in Texas coincides rather well with 

the line delimiting the northernmost extension of 

approximately 21° C or higher mean annual air 

temperatures and 22° C or higher soil tempera- 

tures (Godfrey et al. 1973). It is likely that 

temperature is the determining factor in distri- 

bution of the plant in the State. Some plants 

grown at College Station survived one mild win- 

ter in a somewhat protected place but were killed 

the following year by slightly lower tempera- 

tures. 

Ecology 

Soil and water requirements.—C. drummondii 

grows naturally only in clayey, poorly drained 

soils. Soils in South Texas in which the plant has 

been observed to grow include Banquete clay, 

Edroy clay, Orelia clay loam, Raymondville clay 

loam, and Victoria clay. According to Gould and 

Box (1965) the major portion of the Coastal 

Bend region is composed primarily of soils of 

the Victoria series. These are called blackland, 

and are sticky when wet, cracked when dry, and 

are poorly drained. These characteristics are ap- 

parently optimum for growth of C. drummondii, 

and therefore the plant could potentially thrive 

throughout most of the Coastal Bend area. It 

should also be pointed out that these soils are 

adaptable for cultivation of cotton so that it is 

to be expected that cotton and Cienfwegosia 

often grow in close proximity to each other. 

Cienfuegosia plants are often found growing 

along the edges of roadside ditches and shallow 

depressions which catch and hold water for 

varying periods of time. We have not observed 

plants growing around more or less permanent 

bodies of water. In addition to the habitats men- 

tioned above, Cienfuegosia may occur along 

fencerows, under shrubby vegetation and in 

waste areas wherever drainage is poor. 

Frvxell (1969) states that in Argentina this 

species occurs in heavy, often saline soils where 
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the plants appear to demonstrate a high salt 

tolerance. In Texas, Cienfwegosia is frequently 

found growing in saline habitats but probably 

does not occur in highly saline habitats charac- 

terized by succulent plants. 

Associated plants. — Cienfuegosia grows 

among the plants typically found in low, poorly 

drained areas; for example, Eleocharis and Cy- 

perus spp. and various grasses. Other plants 

frequently encountered in these areas include 

Lythrum lanceolatum Ell., Mecardonia vandel- 

lioides (H.B.K.) Pennell, Melochia pyramidata 

L., Oxalis drummondii Gray, Polygonum hydro- 

piperoides Michx., Ruellia runyonii Tharp and 

Barkley, Rumex pulcher L., Sida ciliaris L., 

Solanum americanum Mull., Tradescantia mic- 

rantha Torr., and Zephyranthes refugiensis F.S. 

Jones. Cienfuegosia does not exhibit a marked 

preference for either full sunlight or shade and 

is frequently found in both situations. It com- 

monly occurs beneath mesquite and also in open 

areas between the various shrub species such as 

Acacia, Berberis, Celtis, Forestiera and Zan- 

thoxylum (figs. 3 and 4). The plant frequently 

occurs in close proximity to cultivated cotton in 

these brushy areas. 

At Riviera Beach in Kleberg County an occa- 

sional plant is found in association with sea ox- 

eye daisy, Borrichia frutescens (L.) D.C., on 

a low bluff just a few feet from the water of 

Baffin Bay. Cienfwegosia grows only sparingly 

in this particular habitat. Adjacent to the sea 

ox-eye community, Cienfwegosia grows among 

an almost pure stand of gulf cordgrass, Spartina 

spartinae (Trin.) Hitche. (fig. 5). These plants 

growing in the cordgrass community are usually 

characterized by greatly elongated stems. A nar- 

row, occasionally mowed strip through the cord- 

grass at this locality supports a dense stand of 

short-stemmed Cienfuegosia. 

Associated insects.—In addition to the boll 

weevil, C. drummondii is fed upon by several 

other insects, most of which also attack culti- 

vated cotton. Lukefahr and Martin (1962) men- 

tion that larvae of the cotton square borer, Stry- 

mon melinus (Htibner), and the barberpole 

caterpillar, Noctuelia rufofascialis (Stephens), 

were reared from the plant. During the present 

study these two species were at times found to 

be common on Cienfuegosia and frequently con- 

siderably damaged flowerbuds and seed cap- 

sules. 
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Lukefahr and Martin (1962, 1965) also men- 

tion the association of the cotton leafworm, Ala- 

bama argillacea (Hiibner), with C. drummondit. 

On October 2, 1973, during the present study, 

an infestation of leafworms was observed on 

Cienfuegosia near Corpus Christi. The plants 

were heavily infested and the leafworm larvae 

stripped most of the foliage from the plants over 

a rather large area. 

The boll weevil and the other species men- 

tioned above are the only ones found which sig- 

nificantly damage C. drwmmondii in South Tex- 

as. An occasional saltmarsh caterpillar, E’stig- 

mene acrea (Drury), was observed feeding on 

the plants. In addition, several insects were 

found associated with the flowers of this plant. 

The chrysomelid beetle, Diabrotica connexa LeC., 

was one of the more abundant species feeding on 

the flowers. Other insects occurring in the flow- 

ers included E’picauta sp., tettigoniid nymphs, 

buprestids, and an occasional bee, cantharid and 

mirid. 

Flowering and fruiting pattern.—F lowering 

of C. drummondii is erratic, and is apparently 

initiated for the most part by the occurrence of 

rains. Following rains, a brief period of profuse 

flowering generally occurs. As available mois- 

ture decreases, flowering within a population of 

Cienfuegosia either ceases altogether or its inci- 

dence drops to a low level. The latter appears to 

be the case in populations which were observed 

during the present study. The few plants of a 

given population existing in more favorable sites 

for water retention continue to flower and pro- 

duce fruit while the majority of plants at the 

locality are vegetative. Observations on five 

populations of plants (see tables 1, 2, 3 for local- 

ities) over periods ranging from 2 to 3 years in- 

dicate that buds or seed capsules or both may be 

present at a particular locality during most of 

the growing season. It should be noted that the 

data on which the duration of fruiting is calcu- 

lated in tables 1, 2, and 3 are based on the num- 

ber of fruiting forms counted on 10 plants at 

each locality. These plants were chosen at ran- 

dom on each sampling date, so the phenology of 

individual plants was not followed through the 

season. The vertical lines denoting the fruiting 

periods in tables 1, 2, and 3 also do not indicate 

the abundance of buds or fruit, although these 

data were recorded during the study and are 

available. The object here was merely to indicate 



FIGuRES 2-5.—2, Comparison of fruit developing from chasmogamous and cleistogamous flowers. Top row, chasmo- 

gamous; bottom row, cleistogamous. 3, Heavily grazed pasture near Corpus Christi. Large population of C. drwm- 

mondii in foreground along right side of photograph. Shrubby vegetation in background is mesquite, Acacia, For- 

estiera, and Xanthoxylum. 4, C. drummondii in vegetative state in grass, Acacia, and mesquite habitat near 

Refugio. 5, C. drummondii flowering above dense mat of gulf cordgrass at Riviera Beach. 

at which times of the year some buds or fruit 

were available as a source of food for adult 

weevils and as sites for larval development. 

March 29 was the earliest date on which fruit 

was observed at any locality during the 3-year 

study. At the Refugio locality (table 3) in 19738, 

buds or capsules or both were present continu- 

ously from May 7 through December 18, al- 

though at various times these were relatively 

scarce. At Riviera Beach during 1973 (table 8), 

the plants were first noted to be fruiting on 

April 23 and continued to fruit through October 

3. On the following sampling date (October 14), 

no fruit was found at this last locality, but by 

October 24 the plants commenced fruiting again 

and continued to do so through December 18. 

This is the latest date on which C. drummondii 

was observed to fruit. 

Fryxell (1963) was the first to draw atten- 

tion to the production of cleistogamous flowers 

by C. drummondu. He stated that in the green- 

house and in the open, this plant produces both 

chasmogamous and cleistogamous flowers in 

approximately equal numbers. During the pres- 

ent study additional data were collected on 

cleistogamy, especially as it relates to infesta- 

tions of C. drummondii by the boll weevil. Fruit 

developing from cleistogamous flowers on the 

average are smaller than those developing from 

chasmogamous flowers. The two types can easily 

be distinguished by the chasmogamous fruit’s 

having a more acutely pointed apex (fig. 2). 

A total of 4,247 capsules of Cienfuegosia were 

collected during this study from several locali- 

ties, mostly in Refugio, San Patricio, Neuces, 

and Kleberg Counties. Of this number, 2,425 

(57.1%) capsules were from cleistogamous 

flowers and 1,822 (42.9%) were from chasmo- 

gamous flowers (table 4). These figures should 

represent a fair approximation of the relative 

frequency of the two types of fruit in the field, 

since no conscious attempt was made to select 

either of the two. The two types were nearly 

always found together at the same locality; a 

sample was rarely composed entirely of one 

type. In fact, cleistogamous and chasmogamous 
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TABLE 1.—Infestation of Cienfuegosia drum- 

mondii by Anthonomus grandis in South 

Texas, 1971 

Percent infestation! 

Date i Woodsboro, Riviera 

Sion 8 mi south Beach? 

June:sOwses see ears 9.0 ni 
June 23 =. 2)... .%% 3.0 ets aps 

Jul yee vars ecvstere 0 0) be ea 

ulyge2 ere wetes vcre 0 0 10.1 
U Nite 1 Oliaaa ade on 6 12.5 0 SUEY) 

Auge Q6i ass s yt 20.7 0 4 

Sept oilenrnres seer 0 0 10.3 
Octal. 0 0 5.3 

NOK: MA pecocegox 0 0 17.2 

Novaloeaane 0 0 24.6 
Nov.130) eae 0 ae 8.2 
Decl Signeeiccnrsct ahal 

1 Eggs, larvae, and pupae in capsules and flowerbuds com- 

bined. Vertical lines indicates period during which plants 

bore buds or capsules or both. 
2 First sample from locality taken on July 27. 

fruit frequently occur on the same plant. Both 

types of fruit occur throughout the entire fruit- 

ing period of the plants, with no indication that 

either is more prevalent at any time during the 

season. 

DEVELOPMENT OF THE BOLL 

WEEVIL ON C. drummondi 

Methods.—Field studies on the association of 

the boll weevil with C. drummondii were con- 
ducted mostly in the Coastal Bend region of 

Texas. Occasional visits were made to Cienfue- 

gosta localities in Willacy and Cameron Coun- 

ties, but these were never established on a 

regular basis. In the Coastal Bend region an at- 

tempt was made to examine each of the selected 

localities at either weekly or biweekly intervals 

throughout the growing season. Localities sam- 

pled on a regular basis are listed in tables 1, 2, 

and 3. 

Data collected in the field at each site included 

determination of the growing condition of the 

plant, the number of fruiting forms per 10 

plants, and the associated plants and insects. 

Counts were also made to determine the number 

of adult weevils present. During each visit fruit- 

ing forms were collected to be examined later in 

the laboratory. These buds and capsules were ex- 

amined by dissection, and records were made of 
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the number of eggs, larvae, and pupae present; 

the larval instars represented; the incidence of 

parasitization; and larval feeding habits. An at- 

tempt was made to dissect at least 25 buds and 25 
capsules from each locality every 2 weeks, but 

this number varied considerably depending upon 

the availability of fruiting forms. 

Larvae of the boll weevil were reared in the 

laboratory in detached capsules by transferring 

them periodically to fresh fruit. In transferring 

a larva, a hole was bored in the fresh fruit with 

a large syringe needle, the larva was placed in 

the hole, and the outside opening was closed with 

molding clay. The clay plug served to delay des- 

sication of the fruit and also prevented the larva 

from escaping. This method worked quite satis- 

factorily on a small scale for the purpose of ob- 

serving feeding habits of the larvae, duration of 

larval stages, and for rearing parasites to the 

adult stage. 

Distribution of infestations.—Reference to 

figure 1 shows that boll weevils have been found 

associated with C. drummondii only at about 

one-third of the localities where the plant is 

known to occur. However, it should be explained 

that at some of these localities only one or a few 

examinations of the plants were made. Further- 

more, in some localities plant populations are 

small and may either not be infested or be so 

lightly infested as not to be easily detectable. 

More extensive inspection over a longer period 

of time would likely reveal at least light infesta- 

tions at additional sites. 

We were unable to correlate the presence or 

absence of weevils on C. drummondii with the 

distance of the plants from cultivated cotton. In 

some cases uninfested Cienfuegosia plants were 

actually located closer to cotton fields than were 

infested plants. In the Coastal Bend region it is 

impossible to find C. drwmmondii at any great 

distance from cotton. This is not ascribable to 

any faculatative association of the two plants, 

but merely to the fact that soil and moisture re- 

quirements of C. drummondii coincide with those 

considered best in the area for cotton cultivation. 

Some of the localities at which the boll weevil 

was found on Cienfuegosia were within a mile of 

cultivated cotton, while others were at least 8 

miles from the nearest cottonfield. Lukefahr and 

Martin (1962) stated that they found weevils on 

Cienfuegosia on the Welder Wildlife Refuge ap- 

proximately 10 miles from cottonfields. 



TABLE 2.—I/nfestation of Cienfuegosia drummondii by Anthonomus grandis 

in South Texas, 1972 

Percent infestation! 

Date Riviera f Woodsboro, aye Corpus 

Beach Sinton 8 mi South Refugio" Christi® 

Nair, 4 scccces cc 0 0 0 

Maras OO ue hacoit Tellers 0 0 
sorry!’ ldo pastelsialgisis 17.6 im 0 0) 

Nps) )) PO bocecce ot 0 0 0 

Niaypee On ema en 47 0 [ 0 
Weer UO ee es 8.3 0 0 
|fabovsy AEG mop 6 ob 2.9 16.4 6.0 

qUnempe BG) 11.7 
]ftIne: AS) seisiclo cistolers Ret Beate or 8.0 

July Brae eiatsokea 0 0 0 6.4 
Vial S20) obs sie 6 lp 0 0 0 0 

July DBwisse cha iircn. 0 6.6 25.0 9.1 

pO ls | 15.5 Pee 18.9 2.0 
ANG) “LBY oedibloidioen 6 0 0) eee: 21.0 10.3 

Gg Ganteak 0 ane 0 0 0 
Septiames OMe cesar cr 0 0 0 0 0 

Oct shina ens: 0 0 0 Eo 0 
OctemallSirean acai 0 0) 0 0 40.9 

1 Eggs, larvae, and pupae in capsules and flowerbuds combined. Vertical lines indicate period 

during which plants bore buds or capsules or both. 

2 First sample from locality taken on June 29. 

* First sample from locality taken on Aug. 9. Plants continued to fruit through Dec. 13. 

TABLE 3.—I/nfestation of Cienfuegosia drummondii by Anthonomus grandis 

in South Texas, 1973 

Percent infestation! 

Date Riviera j “Woodsboro, : ie Corpus. 

Beach Sinton 8 mi south Refugio Christi 

Mates Gre oss donee 0 0) 0 0 0 

Apr. Oars Ae hestecs 0 0 0) 0) 0 

Io, WB caracooer 0 0 0 0 0 

Manan scosceees: 0 0 0 © 0 
Mas DI ccnsddene (0) 0) 3.4 0) 2.3 

fama 1G) Glows Gare one 0 0 0) 0 0 

wre IG code po tio 0 7.4 0 0 0 

July OE Smee Se 0 28.1 0 0 1.8 

lye 20 ee 0 0 7 6.1 10.5 
igang GS oiraciaa ae 0 0 0 8.0 8.0 

Nee) MAE Go basa 10.5 0) 10.0 11.8 6.6 

inne, QI ioase6% oe 28.0 0 22.8 38.0 13.5 

Mug, Bala sccowe 27.2 0) SHPO) 40.0 16.0 

Septy a) 4 eae 6.9 0 34.7 38.5 D227 

Sep tie elelseserya ck oe feds 0 23.2 40.0 26.6 

Septal Smeseiae see (0) 0) S21 46.0 Weal 

Seon | Ws scondudee 0 0 0 38.0 0 

Oct. Sistlesadleruicrs 8.3 0 0 23.7 0 

OctateelAa ser 0 0) 0 18.0 0 

Oty BA cvosdioos 9.1 0 0 4.0 0 

INOW, § —Bocctob sree 10.7 0 0 0) 0 

Decwee TSis eine 0 0 0 ile LO 0 

1 Eggs, larvae, and pupae in capsules and flowerbuds combined. Vertical lines indicate period 

during which plants bore buds or capsules or both. 



TABLE 4.—Incidence of infestation of flower- 

buds and seed capsules of C. drummondii 

by A. grandis 

Plant No. Percent Percent 

part examined capsules infested! 

BUG Skea cera e rae GOON: wamith soba as 18.3 
Capsules (4,247): 

Cleistogamous .... 2,425 Sia 8.0 
Chasmogamous ... 1,822 42.9 5 

otal eye eer 5,147 100.0 213.7 

1 Rate of infestation based on eggs, larvae, and pupae. 
* Total capsules only. 

Seasonal incidence of infestations.—No regu- 

lar seasonal pattern involving the infestation of 

C. drummondii by the boll weevil is evident from 

the data gathered during the 3 years of this 

study (tables 1, 2, and 3). At the Sinton locality, 

infestations were always erratic and of short 

duration. On the other hand, one infestation at 

Riviera Beach in 1971 extended continuously 

over a period of 145 days and the first sample 

from this site was not taken until July 27, after 

the season was well advanced. In 1972 at this 

locality, the plants were continuously infested 

for 85 days, while in 1973 there were two periods 

of infestation, one lasting 22 days and the other 

o4 days. It is of interest that at Riviera Beach in 

1972 the earliest infestation was on March 29, 

whereas in 1973 the first signs of weevil infesta- 

tion did not occur at this locality until August 14. 

At Refugio, the longest observed period of con- 

tinuous infestation was 94 days in 1973. At 

Corpus Christi in 1973, an infestation lasted 77 

days. 

Using 25 days as an approximate average dur- 

ation of a complete generation, it is possible for 

as many as five or six generations to have de- 

veloped at Riviera Beach in 1971 on C. drum- 

mondii. Two or three generations could have de- 

veloped at some of the other sites mentioned 

above. 

At the five localities studied, weevil infesta- 

tions usually occurred any time buds or seed 

capsules were available on which to feed and 

develop, though there were some notable excep- 

tions to this (tables 1, 2, and 3). For example, 

at Riviera Beach in 1973, fruiting forms were 

present for 114 days before weevil infestations 

were detected. In some other cases a generation 

of weevils developed on the plants but did not 
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reinfest them, although buds or capsules con- 

tinued to be available for a fairly long period of 

time. Fruiting forms were also available at some 

other localities, such as Sinton and 8 miles south 

of Woodsboro in 1971 (table 1), long after 

weevil infestations were no longer detected. 

Infestations based on the number of immature 

forms present in flowerbuds and seed capsules 

as determined by dissection were usually consid- 

erably less than 30% (tables 1, 2, and 3). The 

heaviest infestation recorded during the 3-year 

study occurred at the Refugio locality in 1973 

(table 3). At this site, weekly infestations varied 

from 38% to 46% during the period August 21 

through September 25. 

It was not possible in the present study to de- 

termine the full extent of interaction between 

cotton and Cienfuegosia in maintaining popula- 

tions of weevils. Obviously, some movement of 

weevils does occur between the two plants, at 

least in certain areas. For example, on August 

19, cotton in the area of Riviera Beach had ma- 

tured to the point where it no longer provided 

food for weevils, and at that time there was a 

significant increase of adult weevils on Cienfue- 

gosia less than 2 miles from the nearest weevil- 

infested cottonfield. Since many of the weevils 

on cotton at that time had developed in bolls, 

they were larger than weevils developing on 

Cienfuegosia and hence were recognizable as 

having transferred from cotton. It should be 

noted that at this locality weevil infestations on 

Cienfuegosia continued until December 18, ap- 

proximately 122 days after cotton ceased to pro- 

vide feeding and developmental sites in the area 

(table 1). In this case the period of availability 

of food for weevils was considerably extended by 

Cienfuegosia. The same situation was found to 

exist in other localities. 

In the Coastal Bend region, cotton squares are 

usually first available as sites for weevil feeding 

and development sometime during the latter 

half of May. It may be noted in tables 2 and 3 that 

infestations of weevils also begin on Cienfue- 

gosia at about this time, although flowerbuds 

and seed capsules are available earlier. The 

earliest infestation on Cienfwegosia recorded 

during the entire study was March 29 at Riviera 

Beach, thus preceding the first available cotton 

squares by approximately 114 months; however, 

it appears on the basis of data presented here 

that initial infestations on Cienfwegosia gener- 



ally coincide rather well with the first availabil- 

ity of squares on cotton. 

Longevity of adult weevils on Cienfuegosia.— 

Studies were conducted in the laboratory at Col- 

lege Station to determine the longevity of 

weevils fed exclusively on the seed capsules of 

C. drummondi. These fragmentary results were 

undoubtedly affected by the inconsistent supply - 

of suitable food at certain times, but the conclu- 

sion drawn is that weevils may survive for fairly 

long periods on Cienfuegosia fruit alone. 

Twenty-two apparently healthy adults reared 

from Cienfuegosia from the Coastal Bend region 

and fed on seed capsules in the laboratory lived 

from 6 to 188 days (av. 69.6). In some cases the 

weevils obviously died from the lack of a plenti- 

ful quantity of suitable food, especially late in 

the season. In fact, the longest lived specimen 

(188 days) was still alive when the experiment 

was terminated because of a lack of fresh cap- 

sules. 

The maximum period of longevity of 183 days 

reported here exceeds those which Szumkowski 

(1952) determined for the boll weevil on Cien- 

fuegosia affinis (H.B.K.) Hochr. (177 days) 

and cultivated cotton (155 days) in Venezuela. 

No attempt was made to determine the longevity 

of the weevil on flowerbuds of C. drummondii, 

but it should be noted that buds would probably 

provide a more generally suitable food than do 

seed capsules. Weevils feed very readily on the 

younger, more tender seed capsules but spar- 

ingly, or not at all, on th older, harder capsules. 

It may also be mentioned that adult weevils will 

feed to a limited extent on the tender foliage of 

C. drummondiu. Although this is not likely a 

major source of food under natural conditions, 

tender foliage may provide sufficient food for 

survival when buds and capsules are not avail- 

able. 

Ovipositional habits of weevils.—A total of 

5,147 flowerbuds and seed capsules were dis- 

sected during the present study to determine 

preferences of adult weevils for ovipositional 

sites, and also to learn something of larval feed- 

ing habits. Of the 900 flowerbuds examined, 

18.38% were infested with immature stages of 

the weevil (table 4). In comparison, 13.7% of 

4,247 seed capsules examined were infested. 

These data indicate a preference of the weevil 

for oviposition in flowerbuds as compared with 

fruit. Furthermore, the fruit collected were 

subdivided into those developing from chasmo- 

gamous flowers and those developing from clei- 

stogamous flowers in an attempt to deter- 

mine if weevils showed a preference for one over 

the other as an ovipositional site. The infestation 

of cleistogamous fruit was 8% as compared with 

5.7% for fruit developing from chasmogamous 

flowers. Controlled experiments will be neces- 

sary to determine the significance of this differ- 

ence. As a possible explanation of the indicated 

difference for the two types of fruit, we have 

noticed that the walls of fruit developed from 

cleistogamous flowers appear to be somewhat 

softer than those of chasmogamous fruit, espe- 

cially as the capsules approach maturity. This 

may account for the higher percentage of egg 

deposition in the cleistogamous fruit. 

Our observations indicate that eggs are de- 

posited through the wall of the capsule about 

one-half the distance between the apex and 

base of the fruit, and are usually inserted di- 

rectly into a seed. 

Larval and pupal habits—Newly emerged 

larvae feed on the outside of a seed within the 

capsule, often burrowing along the outer surface 

of the seedcoat. The larva then enters the seed 

and devours its contents, after which it chews 

into an adjacent seed and continues feeding. 

Larvae usually complete their development with- 

out devouring the entire contents of a capsule. 

After completing larval development, a cell is 

formed in the feeding cavity in which pupation 

takes place. Buds and capsules remain attached 

to the plants during larval development and 

pupation. 

Normally only one larva is found in a bud or 

capsule. Occasionally two larvae occur in the 

same capsule, but we have seen no evidence to 

indicate that both are able to complete their de- 

velopment there. In one instance three larvae, 

two second instar and one third instar, were 

found in the same capsule. 

The boll weevil on C. drummondiu has three 

larval instars. Head capsule measurements are 

as follows: first instar, 0.38—0.42 mm, av. 0.40 

mm; second instar, 0.65-0.77 mm, av. 0.71 mm; 

third instar, 0.81—-1.26 mm, av. 1.05 mm. These 

compare favorably in size with mean head cap- 

sule measurements of laboratory-reared boll 

weevil larvae reported by Parrott et al. (1970). 

Incidence of parasitization.—A total of 500 

larvae of A. grandis were dissected from buds 
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and capsules of C. drummondii in the Coastal 

Bend region. Only 6 larvae of the 500 examined 

were parasitized, 5 of these being collected in 

1972. Four braconid wasps were reared. One is 

tentatively determined here as Bracon mellitor 

Say, one specimen was identified as Bracon sp. 

(the latter determined by P. M. Marsh, Agricul- 

tural Research Service, U.S. Department of 

Agriculture), and the remaining two specimens 

are obviously also members of the genus Bracon. 

SUMMARY AND DISCUSSION 

The study reported herein was conducted to 

provide information on the relationship of An- 

thonomus grandis with Cienfuegosia drum- 

mond, a wild host plant of the :veevil in South 

Texas. Since relatively little was known about 

the weevil on this host, rather broad objectives 

were set forth so as to touch upon as many as- 

pects of the relationship as possible. It was an- 

ticipated that this primarily field-oriented study 

would bring to light certain areas in the relation- 

ship worthy of subsequent concentrated study. 

Because of the exploratory nature of our work 

on this subject, the present report is of necessity 

mostly descriptive. 

Cienfuegosia drummondii is apparently a 

South American plant which became established 

in Texas and is now known to occur in all coastal 

counties (except Kenedy County) from Calhoun 

County south to Cameron County. Within this 

area the plant occurs in clayey soils which are 

poorly drained. It is associated with a wide vari- 

ety of plants which normally occur in poorly 

drained areas within its range in Texas. The 

plant sometimes occurs in rather large popula- 

tions, especially in the northern part of its 

range, in the vicinity of Corpus Christi, where 

it is also considerably more abundant than furth- 

er south. If the plant is indeed an introduced one, 

then it appears that this introduction originally 

took place in the Corpus Christi area since that is 

the center of distribution of the plant in Texas 

at the present time. In the larger populations of 

plants, buds or fruit are usually available over a 

large portion of the growing season, although 

the quantity of fruit available varies consider- 

ably. 

It is of interest to note that in addition to the 

boll weevil, C. drummondii serves as host for 

other cotton pests, namely the cotton square 
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borer and the cotton leafworm. These, plus the 
barberpole caterpillar and an occasional salt- 
marsh caterpillar, constitute the major phyto- 
phagous insects associated with Cienfuegosia in 
Texas. 

Plants at oniy approximately one-third of the 
localities known tor Cienfwegosia have been 
found to be infested with boll weevils but addi- 
tional examinations will likely increase the 

known infestation percentage. Most of the locali- 

ities now known to be infested are in Refugio 

and San Patricio Counties. During this study, 

plants in five localities in the Coastal Bend re- 

gion of Texas were examined for weevil infesta- 

tons weekly or biweekly for nearly 3 years. 

Plants at each of these localities were infested 
with weevils for varying lengths of time during 

the study period. The longest continuous infesta- 

tion noted was 145 days at Riviera Beach in 
1971. 

Infestation counts on field-collected buds and 

seed capsules indicated that females show a pref- 

erence for flowerbuds as ovipositional sites, al- 

though by virtue of their being more abundant 

most of the time and being available for a longer 

period of time, seed capsules produce the largest 

number of weevils. 

Observations were made on larval feeding 

habits and these habits were not found to differ 

essentially from those described for cultivated 

cotton. Larvae were found to have three instars. 

The parasitization rate of weevil larvae based 

on dissection of buds and seed capsules was 

found to be low. Only 6 parasites were observed 

attacking the 500 weevil larvae examined. All of 

the parasitoids reared are members of the hy- 

menopterous genus Bracon. 

On the basis of information gained during this 

stuay, we are of the opinion that the boll weevil 

would be able to maintain at least small popula- 

tions on Cienfuegosia drummondii in South Tex- 

as in the absence of cultivated cotton. The 

weevil readily develops on Cienfuegosia in nat- 

ural situations, sometimes several miles distant 

from cotton. In some of the localities examined 

there is no evidence that any regular exchange of 

weevils takes place between Cienfuegosia and 

cotton, whereas in other areas there is obviously 

some exchange between the two plants. Further- 

more, buds or seed capsules are available in the 

larger populations of plants for most of the 

growing season, thus providing a continuous 



supply of food and developmental sites for the 

weevils. A further indication of the adaptation 

of the boll weevil to Cienfuegosia is the wide- 

spread weevil infestation on the plant along the 

lower gulf coast of Texas. Although the infesta- 

tions are scattered, they occur essentially 

throughout the range of the plant in Texas. It is 

also significant that the ovipositional habits of 

the female weevil and the feeding habits of the 

larvae are not unlike those noted for the species 

on cultivated cotton. Larvae develop normally in 

flowerbuds and capsules of the plant, and adults 

are able to live for long periods of time with cap- 

sules as the only source of food. Specimens reared 

on Cienfuegosia are also comparable in size to 

those reared on squares of cultivated cotton and 

on artificial media in the laboratory. 

Because of the scattered nature of the plant, 

its somewhat erratic fruiting pattern, and the 

often small number of buds and seed capsules 

available as developmental sites, it is obvious that 

large numbers of weevils are not likely to be 

maintained on Cienfuegosia. We feel that the 

importance of C. drummondi as an alternate 

host of the boll weevil in South Texas lies in its 

ability to support small populations of weevils 

which could form the nucleus of infestations of 

cultivated cotton. 
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BIOLOGICAL CONTROL AGENTS 

OF THE BOLL WEEVIL 

By D. G. Bottrell! 

R. L. Doutt (1967), one of the world’s most 

respected authorities in biological control, aptly 

describes the outstanding advantages of using 

biotic agents for control of pest species: 

“Biological control of invertebrate pests and 

weeds has enormous and unique advantages. 

This splendid control measure, which is a trib- 

ute to man’s knowledge of the functioning biotic 

world about him, is now officially designated as 

the preferred method of insect suppression by 

the Entomological Society of America (ESA), 

the organization to which all leading profession- 

al entomologists of the United States and Can- 

ada belong. (Statement on Pesticides. March 

1964. Bull. Entomol. Soc. Amer. 10: 18.) 

“Biological control is especially desirable be- 

cause it is safe, permanent, and economical. It is 

thus unique, for no other control measure has 

this wonderful combination of advantages, and 

on logical grounds it has been strongly advocated 

as the first line of attack in pest suppression. 

Furthermore, biological control is remarkably 

durable. It has lasted through years of neglect 

by the entomological profession and through 

years of appalling ignorance. It has endured 

criticism and has survived direct attacks by 

articulate, powerful, and self-serving antago- 

nists. Finally, it has abided while one by one vari- 

ous pest control fads and numerous commercial 

products, all proposed as panaceas, have failed 

and faded into oblivion.” 

Unfortunately, the great majority of boll 

weevil researchers and their administrators 

alike are too nearsighted to share Doutt’s views. 

For, in spite of the fact that ESA has designated 

biological control as the preferred method of 

1 Associate professor, Department of Entomology, 

Texas Agricultural Experiment Station, Texas A&M 

University, College Station, Tex. 77843. 
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insect suppression, support (both financial and 

moral) for work on natural enemies of boll 

weevil currently rests at the foot of the low pri- 

orities. As table 1 shows, research emphasis on 

biological control of this pest in fiscal 1972 at 

the U.S. Department of Agriculture (USDA) 

and land-grant university laboratories amounted 

to a total of 2.6 scientific man-years (SMY’s) 

and $90,000 support—this compared to 5.0 

SMY’s and $395,000 support for chemical control 

research and 7.8 SMY’s and $736,000 support for 

research on rearing, sterility, and genetics. Al- 

though support on biological control of boll 

weevil is being grossly underemphasized, sup- 

port for such work on the pink bollworm, Pec- 

tinophora gossypiella (Saunders), and the boll- 

worm-tobacco budworm complex appears to be 

fairly reasonable (table 2). 

Through sheer ignorance, most cotton ento- 

mologists slough off the role of natural enemies 

in the control of boll weevil. Some, in fact, be- 

lieve that the pest has no natural enemies, or at 

least their writings seem to indicate this. 

The fact remains that the boll weevil does 

have numerous natural enemies, and some of 

them are extremely important in suppressing 

the pest’s population. Sixty-two years ago, 

Pierce (1912) summarized information known 

about predatory and parasitic enemies of the 

pest as follows: (1) “The control of the boll 

weevil by insect enemies is sufficiently great to 

give it a high rank in the struggle against the 

pest. A considerable portion of the insect con- 

trol would not be accomplished by any other 

factor; hence it is by no means to be neglected.” 

(2) “The amount of control due to the various 

factors at work in any given place should be in- 

creased if possible. Parasites can be introduced 

into new fields.” (3) ‘The parasites and preda- 



TABLE 1.—Relative inputs of scientific man- 

years (SMY’s) and dollars into several 
areas of boll weevil research at all USDA 

and land-grant university laboratories, 

1972 

1,000 

Area of research SMY’s dollars 

Biological control ................ 2.6 90 

Chemical ‘control ..:-. 2.0)... 5.0 395 

@ulturalgcontrol cere sence. 1.8 99 

Population dynamics ............ ath 27 
Basic physiology, nutrition., 

biologyMetcume a aeken eerie 3.9 429 

Rearing, sterility, genetics ........ 7.8 736 

Economic threshold, economic 
Evaluations ween eee 3.8 454 

Integrated pest management ...... 8.2 667 

1 Estimates compiled by G. A. Slater, based on 1972 fiscal 

Current Research Information System printouts of RPA 207, 

cotton research. 

TABLE 2.—Inputs of scientific man-years 

(SMY’s) and dollars into biological control 

research on various cotton insect pests at 

all USDA and land-grant university labora- 

tories, 19721 

1,000 

Insect SMY’s dollars 

Bollaweeuilaeer cee ee: 26 90 

Rinksbollwormi esses. ee 4.0 326 

Bollworm and tobacco 

budworm complex ............ 6.5 415 

1 Estimates compiled by G. A. Slater, based on 1972 fiscal 

Current Research Information System printouts of RPA 207, 
cotton research. 

tors which attack the boll weevil are native in- 

sects, already present in a given territory before 

the weevil arrives.” 

In addition to predatory and parasitic insects, 

numerous species of spiders are known to attack 

boll weevil. Birds, under certain conditions, at- 

tack the pest and probably assist in keeping it 

in check. Howell (1907), for example, reported 

43 species of birds feeding on the boll weevil and 

proposed (1907, 1909) that legislation be en- 

acted to protect species known to prey on the 

pest. Even cryptic predators such as toads and 

lizards sometimes attack boll weevils. Roach 

(1978) recently reported an average of 0.5 boll 

weevil per stomach of Fowler’s toad examined 

in southern Mississippi. However, it is doubtful 

if vertebrate predators and, to a lesser extent, 

arthropod predators play a highly significant 

role in controlling the weevil under most cotton 

growing situations. 

More is known about the boll weevil’s insect 

and mite parasites than about its other natural 

enemies. Forty-two species of arthropod para- 

sites have been recorded by Cross and Chestnut 

(1971) as attackers of the pest. Among the more 

effective native species of parasites are Bracon 

mellitor Say in the United States (Adams et al. 

1969), and Hetere!cccus grandis Burks in west- 

ern Mexico and Ceiutral America (Cross and 

Mitchell 1969). 

B. mellitor is an ectoparasite of latter instar 

boll weevil larvae and pupae. This general para- 

site attacks a wide range of hosts, but surpris- 

ingly enough is often fairly effective in sup- 

pressing boll weevil populations. Recent studies 

in untreated cotton fields in Texas have revealed 

that parasitization by 6. mellitor is related to the 

host (boll weevil) density (table 3). As shown 

under the dfx columns of the life tables, i.e., the 

columns which list factors responsible for per- 

centage mortality (100qax) recorded for the life 

stages, the level of parasitization is greater in 
the field with the higher population density. A 

tendency toward a functional density-dependent 

relationship, although this relationship appears 

to be weak, was also disclosed when the parasiti- 

zation rate was determined for various densities 

of immature boll weevils inhabitating fallen cot- 

ton squares (fig. 1). 

Few pathogens have been observed to attack 

the boll weevil under natural conditions (Cross 

1973), but recent observations suggest that cer- 

tain pathogens might have tremendous potential 

as control tools if they could be augmented safely 

and economically. The protozoans Glugea gast? 

and Mattesia grandis have shown great promise 

when distributed over cotton in baits which the 

boll weevils fed upon (McLaughlin et al. 1969). 

Their application precluded the need for insec- 

ticide to control boll weevil in a field test in Mis- 

sissippi. Furthermore, D.S. Moody and 8. Munoz 

(unpublished data) recently found some inter- 

esting information concerning the treatment of 

laboratory-reared adult boll weevils with Asper- 

gillus flavus, a common fungus. One strain was 

highly sex selective, causing 88.7% mortality in 

females, as contrasted to only 22.8% mortality 

in males. 
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TABLE 3.—Partial life tables for first':summer generation of boll weevils of 

two population densities in untreated cotton, Schleicher County, Tex., 

1972 

c Population density Percent Mortality 

Life stage lx mortality factors 

x ( No./acre ) 100qx dfx 

46% infested squares: 
laf sg2h5 cre onion 0010-0 30,800 4.0 ? 

Small larvae ....... 29,568 1.8 ? , 

Medium larvae ...- 29,036 12.2 ? 

Large larvae .....- 25,494 9.6 Parasitization = 50%; 
P=50%. | 

Bupaey i.e eveeetes: 23,047 99.1 Parasitization = 42.1%; 

P=57.9%. 
INGLES an eee eee 900 

15% infested squares: 
Eggs ite ribo Mn Palen 15,200 5 P 

Small larvae ...... 15,124 2.1 ? 

Medium larvae .... 14,806 4.2 Pe 

Large larvae ...... 13,305 6.2 Parasitization = 6.7%; 
P=93.3%. 

Pupae ............ 12,481 84.8 Parasitization = 5.6%; 
?=94.4%, 

ING ic coeconuasde 1,900 

The whole field of biological control of the boll 

weevil needs to be reexamined and, more im- 

portantly, fortified with imagination and ad- 100 

ministrative support. Some highly imaginative, 

classical studies were conducted on biological 

control of the boll weevil during the first 15 

years or so after the pest entered the United 

States. In fact, probably some of the best ento- 

mological research, especially in insect ecology, 

conducted in North America during the early 

1900’s was on biological control of boll weevil. 

However, as the publication listing by dates 

in table 4 indicates, emphasis on biological con- 

trol and imaginative research in this area began 

to dwindle in the early 1920’s, or about the time 

calcium arsenate first came into use. Although 

some work was continued in biological control 

during the 1930’s, 1940’s, and 1950’s, it was done 20 

on very small, unimaginative scale when com- 

pared to the work during the “early” weevil 

years. In the past decade, nearly all work on bio- 

logical control has been centered in one U.S. 5 10 15 20 
laboratory (the Boll Weevil Research Labora- DENSITY 

tory, Agricultural Research Service, Mississippi 
State, Miss.), although the U.S./Integrated Pest FIGURE 1.—Response of parasite to population density 

Management project has recently allowed initi- of its host, the boll weevil. Density—number of 
ie f f thi Lint weevil-infested squares per 25 feet of cotton. Para- 

SONS. some® t MYC os TI EADS : ‘ sitization= percent squares yielding adults of pri- 
Areas in biological control needing special mary native parasites. 

80 

60 

40 

PERCENT PARASITIZATION 
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TABLE 4.—Numbers of publications concerned 

with various aspects on the biological con- 

trol of boll weevil, 1843-1960" 

No. Percent of 

Period publications total 

[yurvoye (xo) IKON) coos ocsoeodonar 0 0 

NOOO Owe pee te tere eee 37 53 
OWES iterate tii tien ancaainyd avec eee 10 14 
MQ DEES Queenston craveiszaiars aver vere 4 6 

OSI SA OR eet eros eine 8 ll 

TW eso 0) ies Wiehe etisalat iy 5 7 

MOS TEGO g sae tees sey 2 gptions 6 9 

Total: 1843-1960 .... 70 

1Data compiled from Dunn, H. A. 1964. Cotton boll 

weevil, anthonomus grandis Boh.: Abstracts of research pub- 

lications, 1843-1960. U.S. Dep. Agric. Misc. Publ. No. 985, 

194 pp. 

emphasis include (1) studies of the native para- 

sites, pathogens, and predators which attack the 

boll weevil; studies of interspecies relationships; 

response to boll weevil density and to other hosts; 

role of hyperparasites; (2) manipulation strate- 

gies with native parasites (interplantings of cot- 

ton and wild plants that support alternate insect 

hosts of boll weevil parasites, etc.) ; use of ‘‘se- 

lective” baits impregnated with pathogens; and 

(8) discovery and importation of new natural 

enemies. Although there have been several at- 

tempts to introduce natural enemies for estab- 

lishing controls on the boll weevil, work in for- 

eign exploration and introduction has been es- 

pecially neglected. Many opportunities are being 

passed over because this work is not being pur- 

sued. 
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IN-SEASON CONTROL OF THE BOLL WEEVIL 

By John S. Roussel! 

The concept of “In-Season Control of the Boll 

Weevil” will not differ essentially from effective 

boll weevil control practiced in a sound cotton 

production program. Available technologies 

must be utilized to maximize effective control. 

Regardless of their location within the Cotton 

Belt, programs need to be designed to maintain 

boll weevil population levels at or below the eco- 

nomic threshold levels. 

The importance of maintaining population 

levels at or below economic threshold levels was 

amply demonstrated in the initial year of the 

Pilot Boll Weevil Eradication Experiment. Pop- 

ulation levels reached the saturation point prior 

to and at the time of beginning the diapause ap- 

plication, which resulted in a relatively ineffi- 

cient diapause program. Large numbers of the 

boll weevil entered hibernation quarters and sur- 

vived to emerge the following spring. 

Studies on the biology of the boll weevil have 

demonstrated that the insect will enter the dia- 

pause condition quite early in the growth cycle 

of the cotton plant. Weevils have been collected 

as early as August 1 apparently in diapause in 

maturing fields. Phillips? believes that a small 

percentage of first generation field-reared 

weevils may be in diapause. There is no informa- 

tion concerning the role that weevils entering 

diapause at such an early date play in the final 

overall population of the current season and the 

succeeding season, but it is reasonable to assume 

that such a population must be controlled by one 

of the technologies employed, or failure will re- 

sult. 

The major objective of an in-season program 

is to retain the boll weevil population at a man- 

1 Coordinator of Cotton Research, Louisiana Agricul- 

tural Experiment Station, Louisiana State University 

and A&M College, Baton Rouge, La. 70803. 

2 J. R. Phillips, professor, Department of Entomology, 

University of Arkansas, Fayetteville, Ark. 72701, per- 

sonal communication. 
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agable level until the diapause control program 
is undertaken. The primary concern to the cot- 
ton producer, of course, is to set and mature a 
maximum crop. A secondary objective is to set 
and mature the crop so that growth will be termi- 

nated, the crop harvested, and stalk destroyed at 
the earliest possible date. 

Technologies available to cotton producers for 

in-season control of the boll weevil are proved 

ones with which he is familiar, although he may 

not have used all of them in the past. These tech- 

nologies include, in order of their use during the 

growth cycle of the cotton plant, trap crops and 

chemical controls. The use of trap crops is an 

important tool available to more efficiently con- 

trol in-season boll weevil populations, but I wish 

to disenss chemical contral in oreater detail be- 

cause it is commonly practiced by nearly all cot- 

ton producers in the boll weevil intested belt. 

Cotton producers are familiar with the require- 

ments and the need for an efficient program. 

Some of the essentials of these control techniques 

include adequate monitoring of individual cot- 

tonfields by properly trained scouts, treatment 

of localized infestations that may develop in so- 

called hot spots or areas near favorable over- 

wintering quarters, and uniform blanket treat- 

ment of the fields once the economic threshold 

level is reached in individual fields. Economic 

threshold levels established will vary between 

locations in the Cotton Belt, but under any cir- 

cumstance, effective weevil control will have to 

be obtained and maintained throughout the 

growing season. 

Applications of insecticides will of necessity 

have to be uniform and thorough with swath 

width limited to the capabilities of the specific 

equipment, but certainly no greater than that 

proved effective in past operations. Repeated 

applications of the insecticide at the proper in- 

terval for the specific chemical chosen will be 

essential in this phase of the program; e.g., ap- 



plication intervals should be no greater than 5 

days for insecticides such as methyl parathion or 

Guthion. 

During the course of a normal boll weevil con- 

trol program, bollworms very often appear in 

damaging populations, and thus require control. 

Close monitoring and the inclusion of proper in- 

secticide as a mixture with the regular program 

is essential to eliminate loss caused by this pest. 

An important technique not currently avail- 

able, but which could be of great significance in 

an eradication program, is the chemical termina- 

tion of fruiting. Preliminary results in the west- 

ern cotton area indicate this approach to have 

potential value in reducing the pink bollworm 

overwintering population. I see no reason why 

this approach should not be thoroughly re- 

searched as a possible tool in the boll weevil 

areas. 

In-season control of the boll weevil is an es- 

sential element in any program of boll weevil 

control and elimination. To be successful, it will 

have to be performed in a thorough manner, 

with every producer and every field included. We 

already have the knowledge and methodology to 

suppress the weevil to an extremely low popula- 

tion level in preparation for a diapause program. 

Because a united effort is so important, leader- 

ship of the cotton industry must produce incen- 

tives which will assure the effective participa- 

tion of every cotton producer in the Cotton Belt. 

Lack of cooperation on the part of any single 

producer will be critical in the ultimate success 

of the program. 
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REPRODUCTION - DIA PAUSE 

BOLL WEEVIL CONTROL 

By Don R. Rummel! 

The term ‘‘diapause control” has been gener- 

ally accepted to describe a control method in 

which insecticide is applied to cotton late in the 

production season to destroy potential overwin- 

tering boll weevils before they enter overwin- 

tering habitat (Brazzel et al. 1959). Unfortu- 

nately, this term, which indicates the control of 

a physiological condition, is not technically cor- 

rect. Diapause, which is induced in the imma- 

ture stages and expressed in the adult stage, is 

not controlled by the application of insecticide. 

More appropriate terms which have been sug- 

gested include, “control of diapausing boll 

weevils,” “control of potential overwintering 

weevils,” and “control of prehibernating wee- 

vils.’ 

Reproduction-diapause control, originally out- 

lined by Knipling,? describes a modification of 

the original concept of controlling prehibernat- 

ing boll weevils, and consists of two separate 

phases. Phase I, or the reproduction-control 

phase, consists of a series of insecticide treat- 

ments applied to destroy the last generation of 

predominately reproductive weevils, thereby 

preventing the deposition of eggs which would 

produce a high percentage of diapausing indi- 

viduals. The effectiveness of the reproduction- 

diapause control method was first demonstrated 

by Adkisson et al. (1965) and Lloyd et al. 

(1966). 

Experience gained during the past 15 years 

1 Associate professor, Texas Agricultural Experiment 

Station, Texas A&M University Agricultural Research 

and Extension Center, Lubbock, Tex. 79401. 

2. F. Knipling. An appraisal of the relative merits 

of insecticidal control directed against reproducing 

versus diapausing boll weevils in efforts to develop 

eradication procedures. A letter dated January 28, 1963, 

addressed to members of the Cotton Insects Research 

Branch, Entomology Research Division, Agricultural 

Research Service. 
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has adequately demonstrated that both of these 

control techniques when applied properly are ex- 

tremely effective methods of controlling boll 

weevils in some areas. 

In the Texas High Plains a modified, repro- 

duction-diapause control program has achieved 

reductions in the potential overwintering weevil 

population of up to 99% (Adkisson et al. 1966). 

In Glasscock County, Tex., a producer-sponsored 

program on 15,000 acres, utilizing three appli- 

cations of insecticide, reduced the cost of in-sea- 

son insect control 98.4% after only 2 years.* The 

tremendous reduction of the weevil population 

in the boll weevil eradication test zone can be 

attributed primarily to the effects of a “true” 

reproduction-diapause control program. 

However, this control method is often over- 

simplified. A truly effective program must be 

based upon a sound knowledge of the ecology of 

the pest, and involves more than the random ap- 

plication of insecticide during the fall of the 

year. 

Our experience in Texas has shown that dia- 

pause control programs with limited producer 

participation and improperly scheduled insecti- 

cide applications have invariably failed. In the 

High Plains suppression program, reduced fi- 

nances have forced us to adopt a more limited - 
control program during the past few years. With 

a decrease in both the number of insecticide ap- 

plications and the amount of acreage treated, we 

have observed a marked decrease in percent 

suppression. Without question, one of the most 

important requirements for a successful sup- 

pression program is the treatment of all infested 

acres within the suppression zone. Ninety per- 

cent control on 100% of the infested area will 

3 Texas Agricultural Extension Service. Impact of 

diapause boll weevil control program on cotton insect 

control costs in Glasscock County, Texas. Memo. 1 p. 



produce far superior results than 100% control 

on 90 % of the area. 

We are becoming more aware of real differ- 

ences between populations in different ecological 

areas of Texas. Differences in the intensity of 

diapause, response to pheromone, winter sur- 

vival, and migration have been noted. Therefore, 

it is necessary to base control efforts for a given 

region upon research conducted in that region. 

In Frio County (South Texas), a reproduc- 

tion-diapause control effort based upon the best 

obtainable data from other programs was con- 

ducted on a relatively small isolated acreage.‘ All 

sampling techniques indicated a high degree of 

suppression of potential overwintering boll 

weevils. However, by late June and early July 

of the following growing season, damaging 

weevil infestations were present in most fields, 

negating the effects of the fall suppression pro- 

gram. Weevil migration from untreated areas 

15 to 20 miles away (a phenomenon we have not 

encountered in the High Plains and Rolling 

Plains) is considered as one possible reason for 

the failure of the program. Others have hypo- 

thesized that an extremely high rate of popula- 

tion increase may be responsible for the rapid 

resurgence of weevils during the summer. Based 

on this experience, there is some question as to 

whether current reproduction-diapause tech- 

niques can be applied effectively in all areas of 

the Cotton Belt. 

Some factors which must be considered when 

implementing a suppression program are (1) 

the population dynamics of the weevil in a par- 

ticular area, (2) the seasonal incidence of dia- 

_ pause and reproduction, (3) distribution and 

abundance of favorable overwintering habitat 

in relation to cotton, (4) the mean or expected 

degree of winter mortality, and (5) the influ- 

ence of migratory weevils from untreated areas. 

The control of potential overwintering weev- 

ils during late season offers numerous advan- 

tages to the cotton producer, including (1) more 

effective control, (2) greatly reduced costs as a 

result of elimination of or significant reduction 

in requirements for in-season insecticide appli- 

cation, (3) reduced probability of Heliothis and 

other secondary pest outbreaks as a result of 

reducing insecticide use during the growing sea- 

*Texas Agricultural Extension Service. Frio County 

Pest Management Program. 1972. Memo. 24 pp. 

son, and (4) less impact on beneficial arthropod 

populations (studies in High Plains area have 

shown that the fall suppression program had no 

deleterious effect on beneficial arthropod popu- 

lations the following growing season). Without 

question, the control of potential overwintering 

weevils late in the growing season represents a’ 

vast improvement in insecticidal control of the 

boll weevil. 

However, one potentially dangerous aspect of 

the reproduction-diapause control method must 

not be everlooked, and that is the danger of se- 

lecting populations resistant to the organophos- 

phorus insecticides. The danger will increase if 

this method of control is adopted over large 

areas of the Cotton Belt. Heavy insecticide pres- 

sure exerted on potential overwintering popu- 

lations over a large area will certainly increase 

the probability of the occurrence of organophos- 

phorus resistance. There is some question as to 

whether the danger of resistance would be 

greater in large-scale pest management type 

programs or in a beltwide eradication effort. In 

my opinion, the massive application of the re- 

production-diapause control technique in a belt- 

wide eradication effort would present the great- 

est danger of resistance. Under a pest-manage- 

ment approach, even on a beltwide basis, many 

areas with subeconomic infestations could re- 

main untreated, or require only limited treat- 

ment. The High Plains boll weevil suppression 

zone is bordered by areas in which limited 

amounts of insecticide are applied for weevil 

control. However, within the suppression zone, 

very heavy insecticidal pressure has been exerted 

on the weevil population for 10 consecutive 

years. To date no evidence of resistance to mala- 

thion has been detected in the weevil population 

within the suppression zone (table 1). 

It is a mistake to consider reproduction-dia- 

pause control only as a major component of an 

eradication program. In areas where success- 

fully tested, this control method can be consid- 

ered a true pest management technique. A com- 

bination of reproduction-diapause or diapause 

control with certain cultural practices, such as 

delayed uniform planting dates, application of 

harvest-aid chemicals, and early harvest and 

stalk destruction, will produce a highly effective 

and economical pest-management system for 

many areas. There is considerable promise for 

developing effective boll weevil management 
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TABLE 1.—Forty-eight-hour LD; and LD 4 
values for boll weevils treated topically with 
malathion 

| Micrograms insecticide /weevil] 

Year Weevil strain LD.,, LD,, 

1968 Control ‘zone! =. san 5: 0.69 CZAR 
1968 Check zone .......... 63 1.62 
1971 Control zone ........ 42 .90 
1971 Check zone .......... Al .79 
1973 Control zone ........ Hoyt .90 
1973 Check zone .......... .46 .99 

' Data from 1968 and 1971 taken from Bottrell et al. 1973. 
J. Econ. Entomol. 66: 791-792. 

programs based upon the late-season suppres- 
sion of potential overwintering weevils in com- 
bination with short-season cotton, resistant 
varieties, and pheromone trapping systems. 

There is a need for more research on diapause 
in the boll weevil. Diapause is one of the least un- 
derstood and most important phenomenons in 
the seasonal biology of the insect. More informa- 
tion is needed relating to the time of entry of dia- 
pausing weevils into hibernation and the sur- 
vival rate of weevils entering hibernation at dif- 
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ferent times during the season. Also needed is a 
technique to achieve a more quantitative and re- 
liable value to index the status of diapausing 
weevils. 

With present techniques we have had consid- 
erable success in exploiting the overwintering 
period as a “weak link” in the seasonal cycle of 
the boll weevil. Additional research should allow 
us to develop even more effective techniques for 
the control of potential overwintering weevils. 

REFERENCES 
Adkisson, P. L., Rummel, D. R., and Sterling, W. L. 

1965. A two-phased control program for reducing dia- 

pause boll weevil populations on the High Plains of 
Texas, 1965. Tex. Agric. Exp. Stn., Dep. Entomol. 
Tech. Rep. No. 2, 6 pp. 

, Rummel, D. R., Sterling, W. L., and Owen, W. L., 
Jr. 1966. Diapause boll weevil control: A comparison 
of two methods. Tex. Agric. Exp. Stn. Bull. 1054, 11 
pp. 

Brazzell, J. R. 1959. The effect of late-season applica- 
tions of insecticides on diapausing boll weevils. J. 
Econ. Entomol. 52: 1042-1045. 

Lloyd, E. P., Tingle, F. C., McCoy, J. R., and Davich, T. 
B. 1966. The reproduction-diapause approach to popu- 
lation control of the boll weevil. J. Econ. Entomol. 59: 
813-816. 

——$$$__—_——— 



GRANDLURE DEVELOPMENT 

By P. A. Hedin1 

The initiation of chemical work on grandlure 

was made possible by a series of observations 

and developments. Cross and Mitchell (1966) 

first showed in 1963 that females responded to 

males in the field from distances greater than 

30 feet while males were found not to respond to 

females over distances greater than 3 to 5 cm. 

Subsequently, Keller et al. (1964) reported that 

a substance attractive to female boll weevils in 

the laboratory could be collected by drawing air 

over males, passing the air through activated 

charcoal, and extracting the charcoal with 

chloroform. Hardee et al. (1967) then developed 

a laboratory olfactometer in which females re- 

sponded to males, but not males to females. This 

olfactometer was subsequently used during the 

chemical studies which led to the identification 

of the pheromones. 

In the initial chemical work, extractions of 

males with dichcloromethane produced a sub- 

stance that was consistently attractive to fe- 

males, but a similar extract of mixed insects was 

unattractive to females. When the male extract 

was steam-distilled, the solvent extract of the 

distillate proved to have greater attractiveness 

for females than any of the other extracts that 

had previously been prepared. Assays of the 

steam distillate in concentrations as low as one 

male equivalent, and simultaneous assays of live 

males, indicated that approximate quantitative 

removal of the attractant had been obtained. 

When the frass of males, and later, mixed sexes 

was steam-distilled, it also was highly attractive 

to males (Tumlinson et al. 1968). Because the 

frass could be collected from the mass-rearing 

facility, which was primarily being used for the 

production of sterile males, over 50 kg was even- 

tually obtained and processed for isolational 

1 Research chemist, Boll Weevil Research Laboratory, 

Agricultural Research Service, U.S. Department of 

Agriculture, Mississippi State, Miss. 39762. 

work at only a nominal direct cost. However, it 

is estimated that 6 million additional insects 

were used for this work. 

Our next step was to fractionate the distilled 

extract on a silica gel chromatographic column. 

The activity could not be found in any single 

fraction, but returned on recombination of two 

of the fractions. Thus, we were faced with eluci- 

dation of a multicomponent mixture. Consider- 

able removal of nonactive components was 

achieved by chromatographing the two active 

fractions on silica gel silver nitrate columns and 

then bioassaying appropriate fractions in com- 

bination until activity was demonstrated again. 

Gas chromatography was then used to separate 

the two alcohol components which could not be 

separated by column chromatography. 

Now we knew of three separate components 

which had to be present for activity. Later, on 

an open tubular column, we were able to separate 

the cis and trans forms of the aldehyde, at which 

time we realized that four components were re- 

quired. 

With a few milligrams of each of the alcohols, 

analyses by IR, NMR, and MS, data was obtained 

which, with some other data, allowed us to de- 

duce the structures of the alcohols. 

Only microgram quantities of the aldehydes 

were isolated. The major evidence for their 

structures was obtained by mass spectrometry. 

Derivatization and reaction studies showed we 

were dealing with an aldehyde similar to com- 

pound II. Thus, we now postulated four struc- 

tures, which are given in figure 1. They are 

I. (+) -cis-2-Isopropenyl-1-methylcyclobutane- 

ethanol; II. Z-3,3-dimethyl-A1-cyclohexaneeth- 

anol; III. Z-3,3-dimethyl-A’«-cyclohexaneacetal- 

dehyde; and IV. H-3,3-dimethyl-A’:*-cyclohexane- 

acetaldehyde. 

We next commenced synthesis of the three six- 

membered ring components, which, when 

achieved, provided proof that our postulations 
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FIGURE 1.—Compounds. I, (+ )-cis-2-Isopropenyl-1- 

methylcyclobutaneethanol. II, Z-3,3-Dimethyl-A}:5- 

cyclohexaneethanol. III, Z-3,3-Dimethyl-,A?:¢-cyclo- 

hexaneacetaldehyde. IV, #-3,3-Dimethyl-A1:4-cyclo- 

hexaneacetaldehyde. 

had been correct, because the spectral data 

matched that of the natural components and, 

more importantly, because the synthetic com- 

ponents successfully replaced the natural ones in 

the bioassay. The cyclobutane alcohol was a 

rather unusual structure because of its four- 

membered ring, and it was difficult to synthe- 

size with the appropriate substituents because 

four-membered rings are strained, and thus dif- 

ficult to close. 

After two unsuccessful attempts, a third was 

made which involved using a photochemical re- 

action to close the ring. This succeeded and after 

several more manipulations, a mixture was ob- 

tained which was expected to contain the desired 

component. The several components were sepa- 

rated by gas-liquid chromatography and each ex- 

amined until we located one which was very simi- 

lar in its chemical and spectral properties to 

what we were looking for. When we tested it with 

the other components, the mixture was not ac- 

tive. On increasing the concentration, however, 

activity was achieved. We went back to the mix- 

ture and isolated another isomer which was 200 

times more active when combined with the other 

components. Thus, we had finally confirmed that 

the structures we had postulated were as active 

as the natural ones in the bioassay. 

During the next few months, R. C. Gueldner 

of this laboratory developed a better synthesis 

of grandisol which has served for the synthesis 

of several hundred grams of this compound by 

us and various vendors.’ During the next year, 

we synthesized about 75 g of each compound for 

field tests. It became apparent that we neither 

had the capacity, nor was it the best use of our 

time to continue routine synthesis work, so we 

prevailed on U.S. Department of Agriculture 

and other groups to provide money for custom 

synthesis. This path to procurement has not al- 

ways been smooth, however. In fact, several 

vendors who were either unqualified or did not 

take our advice seriously, defaulted. Ultimately, 

several reliable vendors were identified and we 

have worked smoothly with them during the last 

4 years. 

It was also important to interest outside 

groups in our work, because we knew that accep- 

tance of the pheromones throughout the Cotton 

Belt would occur only ;with availability from 

common sources and with volume use. 

An associated problem has been formulation. 

Because the components are more volatile and 

more reactive than some of the moth phero- 

mones, they have been more difficult to formu- 

late as active preparations for extended periods. 

For 2 or 3 years, we had to endure speculations 

about whether we really had solved the problem 

and whether grandlure was not as potent as the 

moth pheromones for these reasons. Fortunate- 

ly, development of various keepers or extenders, 

dispensers, effective traps, and effective use of 

traps has shown that under proper use, the phero- 

mone performs very effectively. While this work 

has been done largely by McKibben, Cross, 

Hardee, and others, our contributions were in- 

volved with suggestions about keepers, release 

barriers, and quality control. 

2 It is not the purpose of this report to give the details 

of the chemical work, but the following references are 

included for those who may find this information of in- 

terest. The original isolation, identification, and syn- 

thesis was reported by Tumlinson et al. (1969). An ex- 

tended report on the original synthetic work was also 

published by Tumlinson et al. (1971), and an improved 

synthesis of grandisol was reported by Gueldner (1972). 



In recent work, we have attempted to assess 

the lifetime pheromone biosynthesis potential of 

the male boll weevil. We found that the produc- 

tion of the pheromones by the male is very lim- 

ited for the first 5 days after emergence. The 

production reaches a maximum at 8 to 10 days, 

and the male continues to biosynthesize the 

pheromones at about the maximum rate for the 

next 20 days. The total content of the phero- 

mones in the male is never greater than about 

200 nanograms, but the average content in the 

frass produced during one day is about 1,300 

nanograms, and the lifetime production is at 

least 40,000 nanograms. The ratio of the four 

components in frass is 6:6:2:1/1:II]:III:1V. 

None of the four components was ever found in 

females and only traces were found in female 

frass in three instances. This production is per- 

haps 1,000 times that of moths, but less than that 

of some of the larger Coleoptera, such as the bark 

beetle. 

In retrospect, this research program required 

about 5 years (1966-71) to bring it to the de- 

velopmental stage. Rough calculations allowing 

for salaries, insects, equipment and supplies, 

and overhead suggest the research may have 

cost $800,000—$1 million. At present, efforts are 

being directed toward the improvement of the 

synthetic procedures to reduce cost, toward in- 

teresting additional industrial groups in pro- 

duction synthesis and formulation, and toward 

providing sufficient quantities of the compon- 

ents for toxicological studies, so that the com- 

pounds may be registered and approved for field 

use. Other studies are being made to determine 

whether the female attracts the male, or perhaps 

deters other females from ovipositing in the 

same bud. The ability of males from various geo- 

graphical locations, in diapause, in crowded 

rearing facilities, etc., to produce pheromone is 

also being evaluated. 
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DEVELOPMENT OF BOLL WEEVIL TRAPPING 

TECHNOLOGY 

By D. D. Hardee? 

As early as 1902 entomologists attempted 

without success to trap boll weevils, Anthonom- 

us grandis Boheman, with cottonseed meal, 

light, and molasses (Hunter and Hinds 1905). 

Adhesive-coated elevated flight screens have 

been used for 45 years to capture boll weevils 

and study their dispersal (Fenton and Dunnam 

1928; Taft and Jernigan 1964). In 1965 unsuc- 

cessful attempts were made (Hardee, unpub- 

lished) to capture boll weevils in Alabama, Loui- 

siana, and Mississippi on adhesive-coated wood- 

en traps baited with a cotton plant extract shown 

attractive in laboratory bioassays (Hardee et al. 

1966). Trapping of boll weevils as we know it 

today actually has evolved in the last 10 years as 

a result of the observations in 1963-64 by Cross 

and Mitchell (1966) that a windborne phero- 

mone for female boll weevils was released by 

males. These findings, along with the confirma- 

tion of sex attraction by Keller et al. (1964) in 

the laboratory, stimulated a series of experi- 

ments and programs over the next 6 years (sum- 

marized by Hardee 1972) which culminated in 

the use in 1971-73 of pheromones and traps as 

one of the suppression measures in the Pilot Boll 

Weevil Eradication Experiment (PBWEE) 

(Knipling 1971, Hardee 1974). The chronologi- 

cal order of the most significant events toward 

progress in pheromone and trap research on 

boll weevils is summarized in table 1. For the 

purposes of this paper, I should like to summar- 

ize five trapping experiments in 1968-69 which 

provided the evidence for including pheromone 

traps as one of the suppression measures in the 

PBWEE (table 2). 

Research has shown conclusively that one 

essential prerequisite for the efficient operation 

of the pheromone trap principle in suppression 

is the reduction of overwintered boll weevils to 

1 Formerly entomologist, Boll Weevil Research Labora- 

tory, Agricultural Research Service, U.S. Department of 

Agriculture, Mississippi State, Miss. 39762, now entomol- 

ogist, Storey Chemical Company, Starkville, Miss. 39759. 
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less than 25-50/acre before using traps. This 

can be effectively accomplished with reproduc- 

tion-diapause control in late season in a total 

area that is isolated, or in greater acreage on an 

areawide basis. Such an extensive area is the 

High Plains of Texas where each fall, beginning 

with 1964 (Adkisson et al. 1965), cotton acreage 

has been treated extensively with insecticides 

for control of the boll weevil with funds supplied 

jointly by the farmers, collected and adminis- 

tered by the Plains Cotton Growers, Inc., and the 

U.S. Department of Agriculture. This program, 

which is an attempt to prevent the spread of the 

boll weevil into the highly productive irrigated 

cotton above the Caprock, has been extremely 

effective in reducing the number of surviving 

overwintering boll weevils in the control zone. 

In 1968 the first attempts were made to influ- 

ence developing field populations of boll weevils 

with traps and to measure the potential of male- 

baited wing traps (Cross et al. 1969) in survey 

and suppression of boll weevils. Traps were 

placed around nine fields in Dickens, Kent, and 

Crosby Counties (inside the control zone) and 

around one field in Stonewall County (near As- 

permont) in the center of an area heavily in- 

fested with boll weevils. By May 18 boll weevils 

had been captured around all but three fields, 

some in extremely high numbers, and by June 25 

the remaining three fields were also positive. 

This is extremely significant in view of spring 

surface woods trash examinations from the con- 

trol zone, which had yielded only one live boll 

weevil from 600 yd? of trash. 

From these original 10 fields, 3 were selected 

for intensive trapping and study (4—5 traps/ 

acre): 2 fields located 10 mi southwest of Spur 

(Kent County) inside the control zone, and 1 

field in a heavily infested area 8 mi north of As- 

permont (outside the control zone). The results 

of this test (Hardee et al. 1970) showed that 

significantly more boll weevils were captured 



TABLE 1.—Chronological order of significant events in research on pheromones and traps for 

boll weevils 

Year Finding Reference 

1963 Malesrattracttemalespinyhieldimmriimmelerricieiiesrs + tl) yerae cae taka o deeese or Cross and Mitchell (1966). 
1964 Malesjattract:femalestinilaboratoryg jae ccc cs is tinec atrocities cine ceeiclene Keller et al. (1964). 
1965 Development oflaboratorya bioassay) sacs. soci les sek ene rere. wicks ose eee Hardee et al. (1965). 
1966 Wevelopmentiofwing traps iio ae yale deena ee Cross et al. (1969). 

1966 Initialetieldystudieshwithytrapsiecetriceecieirieiies Selese sire eet cick: Hardee, Cross, Mitchell, et al. 

(1969). 

1966 BreliminanysChemicalpisolatiom-:i cialis cuslole lel she’s s/c relerole culos eiuiepel veya slr ale Tumlinson et al. (1968). 

1967 Malestattractabothysexespinsticl deme morris iaeisreiersy telvereyncice mecmisteey tae nici). Bradley et al. (1968), 

Cross and Hardee (1968), 

Hardee et al. (1969). 

1968 Survey and control with male-baited traps .............. 0. eee cece ee eee ees Hardee et al. (1970). 

1968 ongzranpeadispersalucontirmeds saucers. cs ase ay ere ene Aen ee. Davich et al. (1970), 

Ridgway et al. (1970). 
1968 Identification and synthesis of grandlure A eee Nsyisie nels pushed eSB slat ey ater a re SUA Neste eNom Tumlinson et al. (1969). 

1969 Large-scale suppression with male-baited traps ........---+-.-+eeeeeeee eee Boyd et al. (1973), 
Coppedge and Ridgway (1973), 
Hardee et al. (1971), 

Lloyd, Merkl, et al. (1972). 
1969-70 Grandluneractivenimematurec-ririt cause oer sicte seis le ere in ete eke etter rsie sitastesite Hardee, McKibben, et al. (1972). 

1969-70 Discovery of flourescent colors for traps ...---..-. 26. eee eee eee ee eee eee ees Cross et al. (1974), 

Hardee, Cross, et al. (1972). 
1969-70 Development of trap-crop principle ........... 6.6.6 cece eee eee eee ees Boyd et al. (1973), 

Coppedge and Ridgway (1973), 
Hardee et al. (1971), 

Lloyd, Scott, et al. (1972). 

1970 Field usage of formulated grandlure ..............-. Uh ee SUS a bao Neen Hardee, McKibben, et al. (1972). 
1970 Development of Leggettxtrap\:/.c- ctv = es + able Sells ele sols seiees clases Leggett and Cross (1971). 

1970 Use of male-baited wing traps in eradication ...........-.-- see e cece eee Coppedge and Ridgway (1973). 

1971-72 Development of improved formulations and ratios of grandlure ...........-. Bull et al. (1973), 
Hardee, Graves, et al. (1974), 

Hardee, Rummel, et al. (1974), 

McKibben et al. (1974). 

1971-73 Use of Leggett traps and grandlure in Pilot Boll Weevil 
Biracdicationwmlaxperiments marietta jsiceie ict cheeky jens Toksusqaishaladepsictoisieyajelosereyoner Knipling (1971), 

Hardee (1974). 

1973 Development of in-field trap principle ........--. +6... eee eee eee eee eee Mitchell and Hardee (1974). 

per acre in the untreated field than in the treated 

fields, and that development of the population 

in the treated fields was delayed in comparison 

to that in untrapped fields in the area until 

migration of boll weevils from untreated fields 

2 mi or more away overpowered the traps. A 

good indication of the potential of a few traps 

in reducing early buildup of boll weevils in a 

cottonfield can be obtained by examining the 

results of trapping 36 acres of irrigated cotton 

located 2 mi southwest of Girard (inside the 

control zone). Twelve survey traps. placed 

around this field captured 163 overwintered boll 

weevils between April 27 and July 9. No weevils 

were captured between July 10 and August 18. 

During the period August 14-September 17, 48 

weevils were captured. In weekly manual sur- 

veys from June 10 through August 30, live weev- 

ils were found in the field only once (during the 

week of July 15), and punctured squares re- 

mained less than 10% until the week of August 

5. Untrapped fields in the immediate vicinity of 

the trapped field had 10% or greater punctured 

squares as early as July 8 and as high as 6,000 

boll weevils per acre in August 19-23. 

During this test and others conducted in 1968 

in Texas and Mississippi, we discovered several 

things that influenced the initiation of future 

trapping programs against boll weevils. First, 

brighter colored, male-baited traps were much 

more effective in capturing boll weevils than the 

dark green traps used in 1968 (Hardee, Cross, 

Mitchell, Huddleston, and Mitchell 1972, Cross 

et al. 1976). Secondly, since long-range migra- 

tion of boll weevil is a common occurrence, 

without isolation from heavily infested cot- 
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ton, or maintenance of a buffer zone of low- 

level populations around the test area, migration 

of dispersing boll weevils into the test field can 

overwhelm the males in traps and mask any 

effect the traps might have on developing popu- 

lations. Boll weevils were trapped in West Texas 

in the spring of 1968 at least 644 mi from the 

nearest cotton (Ridgway et al. 1971), and in 

Mexico in the fall of 1968 at least 45 mi from 

cotton (Davich et al. 1970). Thirdly, male boll 

weevils require almost a continuous supply of 

fresh food (preferably cotton squares) for maxi- 

mum pheromone production (Hardee 1970), and 

fresh squares as provided in the 1968 tests were 

dehydrated within 24—48 h, and provided a very 

poor source of food for production of phero- 

mone. 

The success achieved in 1968 in spite of the 

three factors just mentioned stimulated the ex- 

ecution of a massive trapping effort in 1969 in 

two areas. Attempts were made to overcome 

these factors in the following ways: (1) Metal 

traps painted yellow were used instead of the 

1968 dark-green plywood traps, (2) males were 

fed cotyledons in aquapicks containing water, 

rather than in screen boxes containing squares, 

because large numbers of cotton squares were 

not available and squares dry out very rapidly in 

the hot sun, leaving the male with inferior food 

from which to produce pheromone, and (3) a 

larger area was trapped in an attempt to de- 

crease the amount of migration into the area by 

boll weevils dispersing from untreated cotton. 

The Rolling Plains of Texas, just east of the 

Caprock, was again selected as one of the test 

areas. This area was the site of three separate 

trapping efforts, all of which had been preceded 

by a reproduction-diapause control program the 

previous fall. 

The largest trapping effort (Boyd et al. 1973) 

extended 60 mi north to south and 30 mi west to 

east. Approximately 26,500 traps were placed 

in this area, comprising approximately 75,000 

acres, about the time seed was planted. The traps 

were placed around each field with higher num- 

bers located adjacent to potential hibernation 

sites rather than in large open areas. 

Trap crops consisting of one or two 50-ft rows 

of cotton grown at the laboratory, then trans- 

planted into the field between April 22-30, were 

located at the field edges, and were treated with 

aldicarb. This measure was taken in an attempt 
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TABLE 2.—Summary of trapping experiments with male prior to PBWEE 

Reference 

9 

Results 

Trap crops 

Objectives Acres Traps 

Agency! 

Location 

Year 

Hardee et al. 

Traps excellent for survey. 
2. More effective in low population 

INOieact cet es 

90 

-Survey, 

INacde cade 

West 

1968 

(1970). 

suppression. 

Texas. 

area. 3. Delayed buildup. 

Difficult to assess. 2. Weevils 

Boyd et al. 

1. 

26,500 WSs ob caceoe 

75,000 

Suppression 

SAREMSet st: 

PORE Ceo ne 

1969 

(1973). 
Coppedge and 

localized. 3. Trap crops ineffective. 
Traps removed 9.5 bw/acre. 

(large-scale ). 

sMradication ane 

I 

Weiss Goecaos 

456 

273 

INS deoaor 

SACORSE oa 

1969 

Ridgway (1973). 

No live weevils before 9/1. 

3. Survivors—1 bw/100 acres. Traps around fields + trap crop 2. 

Hardee et al. 

lt 

a ANOSPs cass ron 

1,542 

1,542 

. ARS........Suppression, 

1969 

(1971). 

best treatment. 2. 17 of 34 fields no bw in field, all 34 bw on traps. 

1. Efficiency greatest at low density. 

trap placement. 

. Suppression, 

Lloyd, Merkl, et al. 

5,000 INO 

4,000 

A NiSo0cdo0 6 

Mississippi..... . 

1969 

(1972). 

1, 2, 4, 8 traps/acre—bw/trap equal. 1, 2 traps/acre—fewer bw/acre in 
field than with 4, 8 traps/acre 

2 3. 

trap density. 

% 

1 ARS, Agricultural Research Service. APHIS, Animal and Plant Health Inspection Service. 2 bw, boll weevil. 



to entice those weevils that might be out of range 

of a pheromone trap, or might not respond im- 

mediately to a pheromone trap, to feed on the 

early fruiting cotton and be killed by the insec- 

ticide. The objective was to suppress boll weevil 

populations to as low a level as possible and, it 

was hoped, to reduce or eliminate the need for a 

diapause control program in the fall of 1969. 

These traps were serviced once a week from 

April 20 to July 25. 

A total of 10,159 boll weevils was captured 

with these traps, 84% of which were caught be- 

tween May 25 and June 21. Since only 14.7% of 

the 26,500 traps caught all of the boll weevils, 

and 65.1% of the weevils were caught in inte- 

grals of 2 or more, hibernation of weevils was 

localized, and they emerged in relatively large 

numbers over a short time interval. 

Because of logistical problems encountered 

(particularly in servicing the traps), budgetary 

constraints, and lack of an efficient and eco- 

nomical method of detecting and measuring ac- 

curately low-level populations of boll weevils, it 

was impossible to assess with confidence the full 

impact of eliminating 10,159 boll weevils from 

the area. Information was obtained, however, 

which showed the distribution of boll weevils in 

the spring, which showed that low-level popu- 

lations occurred in most of the treated area, and 

which pointed to some of the logistical problems 

with which it would be necessary to contend in 

future tests. It was concluded (Boyd et al. 1973) 

that the use of aldicarb-treated trap crops of 

transplanted cotton is impractical in west Texas 

under the conditions of this test because soil 

moisture and wind conditions presented prob- 

lems that could not be solved from the standpoint 

of economics or practicality. 

A second trapping effort in West Texas was 

conducted on 273 acres of cotton in the middle 

of ranching country in King County at least 13 

mi from the nearest cotton (Coppedge and Ridg- 

way 1973). Treatments on this farm included 

reproduction-diapause control in the fall of 1968, 

trap lines to monitor boll weevil movement, one 

to two traps per acre of cotton (around and in- 

side the field), applications of aldicarb to the 

entire acreage at planting (1 lb/acre in-furrow) 

and at squaring (3 lb/acre sidedress), and five 

foliar applications of insecticide between July 28 

and September 6 to control Heliothis and other 

pests. Sampling by various means of nearly 60 

acres of cotton in June, July, and August failed 

to detect live boll weevils in the cotton. However, 

Six Oviposition-punctured squares were found 

within a 0.04-acre area during the first 2 weeks 

in August, but dissection of these revealed no 

evidence of eggs or developing larvae. Live boll 

weevils were detected after September 1, which 

is subsequent to late-season dispersal which oc- 

curs in the area (Ridgway et al. 1971). Coppedge 

and Ridgway (1973) state that though the con- 

tribution of traps to suppression in this experi- 

ment was difficult to assess for various reasons, 

they did remove a substantial number of boll 

weevils from the population (9.5 boll weevils 

per acre of cotton) and thus contributed signifi- 

cantly to the total suppression effort. In addi- 

tion, the pheromone produced by the caged males 

may have confused any possible surviving 

weevils and made it difficult for them to find a 

mate. The evidence of an unmated female in the 

cotton appears to substantiate this possibility. 

The third trapping effort in West Texas in 

1969 was inside the 75,000-acre test area de- 

scribed earlier and involved a detailed study on 

the effect of trap placement and the value of 

aldicarb-treated and untreated trap crops on boll 

weevil suppression (Hardee et al. 1971). This 

study involved 34 fields, 1,542 acres, and 6 repli- 

cations of the 6 following treatments: (1) One 

trap per acre around each field, (2) one trap per 

acre in each field, (3) one-half trap per acre 

around, plus one-half trap per acre in, each field, 

(4) one trap per acre around each field with an 

untreated trap plot, (5) one trap per acre around 

each field with an aldicarb-treated trap plot, and 

(6) one trap per acre around each field in three 

tiers. 

The trap crops were transplanted cotton which 

received one application of aldicarb granules at 

the rate of 4 lb/acre of active material in-furrow 

at the time of transplanting, and 4 to 6 weeks 

later a second application at 4 lb/acre as a side- 

dress treatment. 

When trap removal was completed on August 

29, boll weevils had been captured on traps 

around all 34 fields (some in relatively high 

numbers), but no sign of boll weevils had been 

found in 17 fields. Live boll weevils were found 

in 7. and egg-punctured squares in 10 of the 17 

infested fields. The data suggest that traps lo- 

cated around fields and traps tiered around 

fields gave better results than traps located in 
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the fields, and that systemic-treated trap crops 

were superior to untreated trap crops. Esti- 

mates of percentage of suppression by the dif- 

ferent treatments were calculated on an indi- 

vidual field and treatment mean basis by divid- 

ing the number of boll weevils trapped per acre 

by the number of boll weevils trapped per acre 

plus the number found per acre in field surveys. 

Assuming 100% efficiency of the sampling 

methods, suppression of all treatments was over 

10%. 

A fourth, large-scale boll weevil trapping ef- 

fort was conducted in eastern Mississippi, in the 

Tombigbee River Valley (Lloyd, Merkl, Tingle, 

Scott, Hardee, and Davich 1972). This effort 

was preceded by two voluntary grower-spon- 

sored reproduction-diapause control programs 

in 1967 and 1968 and included all cotton plant- 

ings in an area 8 mi north to south and 5 mi east 

to west, an area containing approximately 4,000 

acres of cotton. Five thousand traps were placed 

around the fields between April 3 and April 26, 

1969. A part of this trapping effort was a trap 

density study which included six replications of 

one, two, four, and eight traps per acre placed 

around the fields. 
Lloyd, Merkl, Tingle, Scott, Hardee, and Day- 

ich (1972) concluded from this study that trap 

efficiency was inversely related to population 

density. Where overwintered boll weevils num- 

bered less than 5 per acre, trap efficiency was 

estimated to be 93%, but decreased to 21% 

when populations were about 300 per acre. Over- 

wintered boll weevils were not detected in 58% 

of the fields in the trapped area during June; 

11% of the fields were estimated to have popula- 

tions numbering 13 overwintered weevils per 

acre, 14% had 26 per acre, 3% had 39 per acre, 

and 14% had more than 50 overwintered weevils 

per acre. The larger populations were found in 

and near fields where growers did not partici- 

pate in the 1968 reproduction-diapause control 

program. Outside of the trapped area, the over- 

wintered boll weevil population in 6 fields aver- 

aged 254 weevils per acre on June 9. Differences 

in the number of overwintered boll weevils col- 

lected per trap were not significant when one, 

two, four, and eight traps per acre were com- 

pared, but there were more weevils per acre in 

the field when there were eight traps per acre 

around it than when there were only four traps 

per acre around the fields. Similarily, there were 
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more weevils in fields which had four traps per 

acre than in fields which had one or two traps 

per acre around them. Under the conditions of 

this experiment, there appeared to be no differ- 

ence in numbers of overwintered boll weevils in 

the field when fields had either one or two traps 

per acre. 

Lloyd, Merkl, Tingle, Scott, Hardee, and Dav- 

ich (1972) concluded that where growers had 

reduced the size of the boll weevil population the 

preceding fall, the use of wing traps had a 

marked effect on the boll weevil population in 

the experimental area. Under these situations 

traps effectively removed these small popula- 

tions before they infested the fields in the spring 

to the extent that they eliminated the need for 

control measures for boll weevils or bollworms 

until the appearance of the second field genera- 

tions of boll weevils in early August. 

In summary, these five trapping experiments 

illustrate that even with somewhat inefficient 

procedures, male-baited traps effectively re- 

moved a portion of overwintered boll weevils 

from a developing population and thereby pro- 

vided a degree of suppression sufficient to jus- 

tify inclusion of the trapping principle as one 

of the suppression measures in the PBWEE. 

Subsequent to these experiments several im- 

provements made the trapping principle even 

more efficient. One of these was the development 

of the Leggett trap (Leggett and Cross 1971), 

which is considerably more effective in most 

areas than the types of wing traps used in 1968— 

69. Secondly, identification and synthesis (Tum- 

linson et al. 1969) of grandlure, the four com- 

ponents of the boll weevil pheromone, which was 

shown effective for 2 to 3 days in nature in short- 

lived formulations (Hardee, McKibben, Gueld- 

ner, Mitchell, Tomlinson, and Cross 1972), and 

later for 10 to 14 days in slow-release formula- 

tions (Bull et al. 1973; Hardee, Graves, McKib- 

ben, Johnson, Guelder, and Olsen 1974; and Mc- 

Kibben et al. 1974), alleviated the need for the 

use of live males in traps. This insures a con- 

tinual source of effective pheromone without the 

logistical deterrents of rearing and feeding of 

live insects, a known inferior source of phero- 

mone. Manipulation of ratios of the components 

of grandlure in 1972 tests more than doubled its 

effectiveness (Hardee, Rummel, McKibben, 

Huddeston, and Coppedge 1974) over the stand- 

ard ratios. Thirdly, the development this past sea- 



son of the in-field trap principle (Mitchell and 

Hardee 1974) adds a new dimension to the pos- 

sibilities of survey and suppression of low popu- 

lations of boll weevils by being effective in mid- 

season when peripheral sticky wing traps or 

Leggett traps become ineffective. These im- 

provements in the general trapping principle, 

plus the success achieved in suppression of boll 

weevils with traps in 1968-69 and in the 

PBWEE, suggest a very important role for traps 

and grandlure in future programs of survey, 

management, and elimination of the boll weevil. 
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TRAP CROPS FOR BOLL WEEVIL CONTROL 

By F. R. Gilliland, Jr.) W. R. Lambert,” J. R. Weeks,” and R. L. Davis? 

The use of small plantings of a preferred host 

as a trap crop has long been suggested as a means 

of protecting the main planting from severe in- 

jury from specific insect pests. Two basic 

methods of trap-cropping may be used. First, a 

preferred host may be planted to protect a less 

preferred main crop. For example, corn can be 

planted adjacent to cotton to reduce bollworm, 

Heliothis zea (Boddie), damage to the cotton. 

Secondly, a small portion of the principle crop 

can be manipulated to provide a trap crop that 

will protect the remainder of the planting. Cot- 

ton is the preferred, and in most instances, the 

only host of the boll weevil, Anthonomus grandis 

Boheman. Thus, in considering trap crops for 

boll weevil control, we are limited to the second 

method of trap-cropping. 

The possibility of trap-cropping for boll 

weevil control was recognized soon after this 

pest entered the United States. L. O. Howard 

(1896) suggested that overwintered weevils 

could be concentrated on early-planted or volun- 

teer cotton and then collected by hand or poi- 

soned. Despite a few negative reports, (Hunter 

1909, 1917), most early researchers found that 

early-planted trap crops of cotton were a very 

effective means of concentrating emerging over- 

wintered weevils. However, in most instances, 

trap crops were not used for boll weevil control; 

instead, they were used in studies of boll weevil 

hibernation, winter survival, spring emergence, 

and dispersal (Fenton and Dunnam 1927, 1928; 

Bondy and Rainwater 1942; Fife et al. 1950; 

Beckham and Morgan 1960; Parencia et al. 1964; 

Walker 1966). 

Isely in Arkansas was the most notable early 

1 Associate professor, Department of Zoology-Ento- 

mology, Agricultural Research Station, Auburn Univer- 

sity, Auburn, Ala. 36830. 

*>Graduate assistant, Department of Zoology-Ento- 

mology, Agricultural Research Station, Auburn Univer- 

sity, Auburn, Ala. 36830. 

proporent of trap-cropping as a boll weevil con- 

trol measure. In 1924 Isely pointed out that the 

initial boll weevil infestation was almost always 

restricted to a very small part of a cottonfield, 

usually in corners or along the margins of fields. 

Thus, Isely reasoned, there was no advantage in 

treating the entire field for these localized in- 

festations. He suggested that whole-field appli- 

cations dissipated manpower and insecticide re- 

sources instead of concentrating these resources 

where needed. 

Accordingly, Isely recommended ‘‘spot dust- 

ing” to destroy early boll weevil infestations and 

to retard their spread. Later he reported (1926) 

that spot dusting was very successful when the 

area of early infestation could be defined. How- 

ever, locating and delimiting the area of the 

early infestation often proved difficult. It was 

known that a greater number of overwintered 

weevils could be expected on the taller cotton 

plants than on shorter plants in the same field 

(Ballard and Simpson 1925). Thus, Isely (1950) 

suggested that small trap crops of cotton be 

planted earlier than the main planting. Field test 

results verified Isely’s idea. Trap crops that were 

distinctly earlier than the main planting concen- 

trated the early boll weevil infestations so they 

could be easily found and treated. 

Despite these and other observations, there 

was relatively little research with the trap-crop 

technique for boll weevil control until recent 

years. Bradley (1967), working in Louisiana, 

found that overwintered boll weevils could be 

expected to congregate in early-planted border 

strips, provided that the difference in planting 

dates was sufficient to give a distinct advantage 

in height to the trap plants. Periodic treatment 

of the trap crops with foliar sprays of methyl 

parathion deterred the buildup of damaging in- 

festations of boll weevil in the remainder of the 

field until midseason. Bradley (1967) and later 

Benkwith (1971) also found that trap crops of 
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susceptible strains of cotton amplified the ef- 

fectiveness of main plantings of strains with 

nonpreference resistance characteristics. 

The discovery that male boll weevils emit a 

windborne aggregating pheromone (Keller et al. 

1964, Cross and Mitchell 1966) has had impor- 

tant implications for the potential value of trap- 

cropping for this pest. Hardee et al. (1969) sug- 

gested that emerging overwintered male boll 

weevils initially locate cotton by random move- 

ment, feed, and emit the aggregating pheromone 

that attracts other migratory weevils to the field. 

Lloyd and coworkers recognized the potential of 

the male-produced pheromone to increase the 

effectiveness of trap crops. Their experiment 

(Lloyd et al. 1972) involved an integrated sys- 

tem wherein sterilized male boll weevils were 

confined on plants adjacent to rows of aldicarb- 

treated cotton. They suggested that the aggre- 

gating pheromone produced by the confined 

male weevils would attract emerging overwin- 

tered weevils to the plants treated with the sys- 

temic insecticide, where they would be killed. 

Their data indicated that the system would be 

effective, especially against low-density popu- 

lations of over-wintered boll weevils. 

The identification and synthesis of the male- 

produced phromone, grandlure (Tumlinson et 

al. 1969), incrased the feasibility of using the 

pheromone in a trap-crop situation for boll 

weevil control. Thus in 1972, as part of the pe- 

ripheral research program being conducted in 

conjunction with the Pilot Boll Weevil Eradica- 

tion Experiment, we conducted tests to deter- 

mine the effctiveness of the trap-crop system em- 

ployed in the eradication experiment (Boyd 

1978). 

Methods and materials—A four-row trap crop 

of an early-fruiting cotton variety (‘Quapaw’) 

was planted in each of nine cottonfields in Cov- 

ington County, Miss. Each trap crop was planted 

2 to 3 weeks prior to the remainder of the crop. 

Aldicarb at 1.0 lb active/acre was applied in- 

furrow at planting. At the pinhead square stage, 

about 6 weeks after planting, additional aldicarb 

was applied to the trap crop as a side-dress appli- 

cation at 2.0 lb active/acre. The nine fields used 

in this test treatment were located in the first 

buffer zone of the eradication experiment area, 

and had received a 13-application reproduction- 

diapause control program during the fall of 1971. 

Pheromone-baited traps (Leggett and Cross 
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1971) were maintained around each field as part 

of the operational procedure of the eradication 

experiment (Boyd 1978). Also, pheromone bait 

stations, consisting of one unit of the formu- 

lated boll weevil aggregation pheromone, were 

placed at about 200-ft intervals in each trap plot. 

The pheromone traps and bait stations were re- 

baited weekly. 

In nine other fields located about 10 mi away 

in Smith County, a somewhat different trap crop 

system was implemented. In these fields the trap 

crops received aldicarb in the same manner as 

described above, but were planted only 2 or 3 

days prior to the remainder of the field. These 

10 fields were located in the second buffer zone 

of the eradication experiment; they received 

only eight reproduction-diapause control treat- 

ments the previous fall. Also, no pheromone 

traps were maintained around the fields, and no 

pheromone bait stations were maintained in the 

trap crops. 

Boll weevil infestations in the trap crops and 

regularly planted portions of the fields were 

monitored weekly from late April through late 

July; whole plant counts were taken from late 

April until termination of the experiment in late 

July. From mid-June until termination of the 

test, additional sampling was conducted with a 

mechanical sampler mounted on a high-clear- 

ance spray machine (McCoy 1971). Boll weevil 

damage in the various fields was assessed by 

counting the number of oviposition-damaged 

squares. 

Results and discussion.—Whole-plant counts 

indicated that the early-planted trap crops were 

very effective in attracting overwintered wee- 

vils that missed the pheromone traps and entered 

the fields. No boll weevils were found in whole 

plant samples in the nontreated regular plant- 

ings in Covington County fields, while samples 

from the trap crops indicated relatively large 

weevil populations in early July. In the Smith 

County fields there was no appreciable differ- 

ence in weevil populations in the trap crops or 

regular crops until early July. During July wee- 

vil populations in both crops reached relatively 

high numbers. 

Samples collected with the mechanical sam- 

pling machine confirmed the effectiveness of the 

trap crops in Covington County and the relative 

ineffectiveness of the Smith County trap crops 

(table 1). Boll weevil damage estimates based 



TABLE 1.—E'stimated populations of boll weevil 

in trap crops and regularly planted portions 

of cottonfields, Covington and Smith Coun- 

ties, Miss., 1972 

TABLE 2.—Counts of boll-weevil-infested squares 

in trap crops and regularly planted portions 

of cottonfields, Covington and Smith Coun- 

ties, Miss., 1972 

; Avg. No. weevils/acre! 
Location 

and date Trap Regular 
crop crop 

Covington County: 

[EME HA goss caciooddouas 14 Th 

CINE YB se viol sg ellie able oo 72, 0 

[tie BS \osoostossoo soda 14 9 

[RUSP a}: Sole bbs oolde anon 55 6 

Huy eel OWE ecse nce Glia os. 46 9 

Smith County: 
Ture Mw cceeoce ooo damon 0 0 

[fisters) Dileicts oo o vole diode son 0 0 

\fbbeys), OA Moda odc gee ce O44 pial Me 

July [syrah cca ana ate Dalppierea ie 19 19 

Itch! 0) seo ctr ohare eels te 78 69 

1 Based on samples collected with mechanical sampling 
machine. 

2 Counts not made. 

on counts of oviposition-punctured squares 

further verified the disparity in effectiveness of 

the two trap crop systems (table 2). 

Differences in effectiveness in the Covington 

and Smith County trap-crop systems were at- 

tributed to planting date intervals for the trap 

crops and the presence or absence of pheromone 

traps and bait stations. Cotton plants in the 

Covington County trap crops were noticeably 

taller and more mature than the regular plant- 

ings until mid-July, while differences between 

the trap crops and regular crops in Smith Coun- 

ty were less obvious. The pheromone bait sta- 

tions in the Covington County trap crops un- 

doubtedly enhanced the attractiveness of the 

trap crops; almost all weevils located by whole- 

plant sampling prior to F, emergence were found 

within 15 ft of a bait station. Thus, the lack of a 

plant height differential between plants in the 

trap crops and regular crops in Smith County, 

and the absence of pheromone bait stations 

greatly reduced the attractiveness of these trap 

crops for emerging overwintered weevils. 

In summary, it is apparent from these data 

that trap crops were an effective means of con- 

centrating and suppressing emerging boll wee- 

vil populations if the trap crops were planted 

earlier than the main crop, and if pheromone 

bait stations were used. 

Avg. % oviposition 

Location (punctured squares) 

and date Trap Regular 

crop crop 

Covington County: 

IEICE TA ad 5 Siete Nene ena 0.0 0.1 

IMU ais Bo octalece's ain. abe 0.5 (4) 

IWhoVs) Pc): cia losigiaids old ciaid ns 49 0 

Jaalyetea eee eh es ele 4,2 1.4 

July (a3) ene aan 10.0 26 
Vly Dike cele vo biadee oaee 8.7 3.7 

Smith County: 
[fibres WO ee a indice Bae oro 0 0 

Ata OT ayeteuctonenspatetedes ave ares 0 0 

Iuaarsy DePiiottcmoneaaden and vba aes! 

Hey?! ie (Sines ches ane Ogle 8.1 Ghat 

bl bias sia cine eR a ee 6.5 5.4 

furl yaa eae tah See ats sy: 16.7 15.8 

1 Counts not made. 
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BOLL WEEVIL RESISTANT COTTON VARIETIES 

By Johnie N. Jenkins! 

Research in host plant resistance has been 

emphasized from the beginning at the Boll 

Weevil Research Laboratory (BWRL) in Mis- 

sissippi. We? have found a number of cotton lines 

with various degrees of boll weevil resistance. 

This report, however, concerns itself only with 

one character for resistance, Frego bract. From 

a genetic standpoint, this morphological trait is 

the easiest to work with of all the traits we have 

found. It is also the one that has the greatest 

potential at the present for near-immediate use 

in variety development. Though it has been 

tested more extensively than anything else we 

have found, it is not the only source of boll wee- 

vil resistance with which we are working. 

Frego bract has bracts that are narrow, 

twisted, and rolled, rather than flat and wide 

and enclosing. It was first reported as having 

potential resistance to the boll weevil by Hunter 

et al. from their work in Arkansas in the late 

1950’s. They, however, reported that it was not 

of itself sufficient to be used alone as a control 

method for boll weevil. The development of the 

reproduction-diapause control concept and the 

renewed interest in integrated control caused 

us to believe that research was needed with 

Frego bract. Our small plot data for 3 years in 

mid-1960 led us to postulate that Frego bract 

should be an effective component of an inte- 

grated control program. We thus began to de- 

~velop research ideas to determine the value of 

Frego bract for possible use as a trait for boll 

weevil resistance. 

In addition to our work at the BWRL, we have 

been cooperating with J. E. Jones and D. F. 

Clower of the Agronomy and Entomology De- 

1 Research geneticist, Boll Weevil Research Labora- 

tory, Agricultural Research Service, U.S. Department 

of Agriculture, Mississippi State, Miss. 39762. 

2 F. G. Maxwell was entomologist the first 7 years; 

W.L. Parrott has been entomologist for the past 6 years. 

I have been plant geneticist throughout. 

partments :espectively, at Louisiana State Uni- 

versity (LSU). who have conducted a great deal 

of research with Frego bract. They have ex- 

plored the use of Frego bract with normal strips 

interplanted, and the use of insecticides for boll 

weevil control only on the normal bract strips. 

Their results are very interesting and promis- 

ing, but space does not permit me to report on 

any of their work in this area. They have also 

conducted some experiments with Frego bract 

alone, with results similar to ours. All the re- 

sults reported herein will be from research con- 

ducted by use at the BWRL except the yield and 

fiber data which were done by J. E. Jones at 

LSU. 

Some work by W. H. Cross at the BWRL shows 

the modifications of behavior which the boll wee- 

vil exhibits when it is on Frego bract cotton. Our 

field experiments suggested that this research 

was needed. Table 1 shows where female boll 

weevils were found in normal bract and Frego 

bract cotton when radioactively tagged weevils 

were extensively studied in the field. As you will 

note, 74% of the weevils were found in the 

squares in normal bract, whereas only 19% were 

found in the squares in Frego bract. The various 

percentages of location indicate where the wee- 

vils are spending their time. On Frego bract 

weevils were as often found on leaves and stems, 

and more often found on the terminals, than on 

the squares. In addition, the weevils appeared 

nervous and frustrated on the Frego bract cot- 

ton. 

Table 2 shows additional data on the activity 

of the boll weevils on normal and Frego bract 

cotton. The 50% reduction in eggs per hour on 

Frego is significant. There was also a longer 

time required for feeding and oviposition. Much 

more plant-to-plant movement (eight times 

more) was found in the weevils on Frego bract. 

There are many ways that this movement, in 

particular, may be beneficial to us in an inte- 
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grated control program. For example, the in- 

creased movement may make the weevil more 

likely to contact a lethal dose of a residual insec- 

ticide on Frego bract plants than on normal ones. 

Weevils may respond to in-field or out-field 

traps more readily in Frego bract cotton. These 

behavior modifications help explain the resist- 

ance we have obtained in all field experiments. 

Table 3 shows in summary form the results 

of our field experiments in the past 3 years with 

Frego bract. In 1970 we had four experiments in 

four counties in Mississippi. Each experiment 

involved approximately 10 acres of Frego and an 

equivalent acreage of normal bract on the same 

farm. The suppression of the population varied 

from 66% to 94%, and was dependent upon the 

initial level of weevils that overwintered. Wee- 

vils in all fields of Frego and normal bract were 

kept below the economic threshold with the ex- 

ception of those in the normal in experiments B 

and D. In these experiments normal bract was 

allowed to develop a higher infestation than in 

A and C. The best suppression was in field C, 

where no insecticides were necessary for boll 

weevils in the Frego bract and the population 

TABLE 1.—Location of female boll weevils ob- 

served on Frego and normal bract cotton* 

Percent of time found 

; on specific location 
Location 

suppression was 94%. The overwintering level 

of weevils was very low in the normal and Frego 

bract. 

In 1971 we ran three experiments, each with 

three or four replications each. There were 3 

acres of Frego bract in each replication. An ad- 

joining field of normal bract was paired with 

each Frego bract field or replication. The sup- 

pression ranged from 29% to 79%. The highest 

level of overwintering weevils was in experi- 

ment G, and the lowest in F. Experiment E was 

on the farm of a grower who sprayed everything 

in a 5- to 7-day schedule from emergence to ma- 

turity, and thus there were not many weevils 

present in either Frego or normal bract. Even 

then Frego showed fewer eggs oviposited per 

acre than normal. 

The largest experiment we conducted was in 

1972, and is shown as experiment H. This ex- 

periment was in Copiah County, Miss., and was 

conducted in the research phase of the Pilot Boll 

Weevil Eradication Experiment. We obtained 

a 50% suppression of boll weevil egg-damaged 

squares per acre and a 46% reduction in the use 

of insecticides. 

Figure 1 details the 1972 experiment. We 

worked on two grower-cooperators’ farms in the 

Carpenter community. We were in the area that 

did not receive the full diapause program in 

1971. We had 12 fields (replications) of Frego 

bract and 12 of normal bract. We took records 
Normal Frego and managed the insects and insecticide appli- 

bract bract cations on all the cotton the two growers had on 

Off plants Lot bre antes Bt Me eR 3 2 12 ‘ ‘ 

eavese = Caskrapmace ae 7 19 TABLE 3.—Summary of field experiments com- 
Stemsineg aera sesh ccey 12 15 paring normal bract and Frego bract cotton 
erminalsineiecee cee 3 35 = 

SQuaressatusemer ttc ie 74 19 Reduction in 

Flowers and bolls ........ 2 0 Newoe Avg. eggs/ Frego plots (%) 
Yearand ane nic ee Ne 

1From W. H. Cross, Boll Weevil Research Laboratory. experiment ‘tiantin (1, ) 5 No. aneectinide 

Frego Norma CS EST ey eee 

TABLE 2.—Behavior of female boll weevil on 

Frego and normal bract cotton 1970: 
ote 1 3.0 8.8 66 () 

Activity Normal Frego B .....- 1 9.3 32.1 71 ©) 
and rate bract bract C ...... 1 5 8.4 94 100 

Dea 1 6.7 27.9 75 50 
Egos hou eer eoecrcr mice arn: 0.97 0.50 1971 

Movement (feet/hour) ......... 1.20 9.40 idence 3 8 igi 29 0 

Feeding (minutes: seconds/ | eat 4 9 Bl 69 53 

PUNCtUTE)) Miser ney Rete ey koe 3:45 5:24 Girne: 4 2 5.8 79 62 
Oviposition (minutes: seconds/ 1972: 

OLAS AbUYs)) Mawnan lohan odaws 0:41 1:22 1S bpeecstns 12 3.9 7.8 50 46 

1 From W. H. Cross, Boll Weevil Research Laboratory. 1 Unknown. 
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Copiah Co. 1972 

90 Acres Frego(F) 

128 Acres Normal (N) 

Reps in Exp. = 12 

90 

On 6/19 42 Weevils /A in F&N 
Sprayed All F&N on 6/23 

Yield: 

Frego 1.7 Bales/A 

Normal 1.7 Bales /A 

Results: 
Frego suppressed Oviposition 50% 

and Insecticide Needed 2 

by 46% 

70 

60 

No. Reps 

Sprayed \ 
No. Reps 
Sprayed“, 40 

NORMAL 
30 

<= FREGO 

20 

CUMULATIVE OVIPOSITION-DAMAGED SQUARES PER ACRE IN THOUSANDS 
0 

6/27 7/5 Wh = 719s 7/26 Ss 8/7 8/48/24 

DATE 

FIGURE 1.—Data from Copiah County experiment. 

these two farms. We planted 90 acres of Frego 

bract and 128 acres of normal bract. We con- 

ducted bug-catcher (tractor mounted) sampling 

of each field for several weeks. On June 13 the 

cotton was beginning to have pinhead squares. 

On June 19, we caught an average of 42 wee- 

vils per acre in each of the 12 Frego and 12 

normal fields. Since we were on farmer fields 

being used for commercial production, this level 

of infestation called for an application of insec- 

ticide. Between June 20—23 one-fourth pound of 

methyl parathion was applied to each field. 

After this application, each of the 24 fields was 

sprayed only when the level of egg-damaged 

squares exceeded 10%. The overall results were 

a 50% reduction in oviposition-damaged squares 

per acre and 46% fewer applications of insecti- 

cide were used in the Frego than in normal bract. 

The yield was equal in the Frego bract and nor- 

mal. One grower’s yield was slightly less than 

the others, but equal for each type. 

The detailed week-by-week population figures 

are shown in figure 1. Above each data point on 

the graph for Frego and normal are shown the 

number of fields (reps) of each cotton type out 

of 12 that required insecticide in a given week. 

In the Frego bract, after the initial application 

to all 12 fields on June 20, there were two fields 

on July 5, three fields on August 1, and six fields 

on August 7 that required insecticide. Beginning 

on August 14 all 12 fields were in need of boll 

weevil insecticides. The picture was quite dif- 

ferent on the normal bract. After the initial ap- 

plication to all 12 fields on June 20, there were 

three fields that required insecticide on July 5, 

and on July 19 all 12 fields needed insecticide 

for boll weevils and continued to need applica- 

tions each week throughout the season. 

Under these conditions the total eggs per acre 

Oviposited in Frego bract for the season was 

44,000. For normal bract it was 88,000. 

These data are typical of what one can expect 

from Frego bract as a boll weevil resistance 

character. In essence, in the 1972 experiment we 

did not develop economic levels of boll weevil un- 

til the August generation in the Frego bract. It 

is significant that Frego bract was effective 

early in the season, when it would be needed in 

an integrated program. One can easily see that if 

the Frego fields had received as many insecticide 

applications as the normal bract fields, the net 

results would have been an even more outstand- 

ing suppression of the population in the Frego 

bract. 

In another study conducted with Frego bract, 

azinphosmethyl and methyl parathion applied 

at 0.125 lb/acre left greater deposits and caused 

higher mortality of boll weevils on Frego than 

on normal bract cotton squares under the fol- 

lowing conditions: (1) When the cotton was 

sprayed in the field and weevils were immedi- 

ately caged on the whole plants of the two types 

of cotton, (2) when weevils were placed in 1- 

pint cartons with squares removed from the two 

types of plants after spraying, and (3) when 

weevils were placed in cartons with squares 

from each cotton type, which were sprayed after 

they were removd from the plants. These results 

were confirmed by recovery of approximately 

seven times the amount of residue from Frego 

than from normal bract buds sprayed with 

methyl parathion. When both bracts and buds 

on each type of cotton were analyzed for residue, 

the results were about equal, but if buds only 

were considered, the Frego buds had about seven 

times more. This obviously reflects the protective 

nature of the normal bracts around the bud. 

In several studies we and others have con- 

firmed that Frego bract cotton is more sensitive 

to plant bug damage than normal bract cotton. 
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The cause for this has not been determined, but 
it is being worked on. This susceptibility can 
cause a delay in maturity and a reduction in 
yield if plant bugs are not controlled. Any time 
a delay in maturity or a reduction in yield of 
Frego bract is experienced, one should suspect 
that plant bugs were involved. 

The following is some agronomic data com- 
paring one strain of Frego, La—Frego—2, with 
commercial varieties. This strain is in a ‘Stone- 
ville 7A’ background, and in 1972 was in the 

backcross 5 generation. The strain is being de- 

veloped by J. E. Jones of the Agronomy Depart- 

ment at LSU. Our 1972 experiment in Copiah 

County was with this strain. 

Table 4 shows agronomic and fiber properties 

of “ST 7A’, ‘DPL-16’, La—Frego-2, and La— 

Frego 3159 (an advanced Frego selection). The 

data are the average from three locations and 

four replications at each location. In earliness, 

La—Frego—2 is equivalent to ‘ST 7A’, and La— 

Frego 3159 is about equivalent to ‘DPL—16’. The 

Frego lines have 1 % less lint. Micronaire is com- 

parable. Fiber length is 0.02 inch shorter. The 

fiber strength of La—Frego—2 is slightly less than 

that of commercial varieties; however, the 3159 

selection is equal to the commercial varieties. 

Table 5 shows lint yields from four replications 

and three locations each. At Baton Rouge, La-— 

Frego—2 was superior to ‘ST 7A’ and slightly 

inferior to ‘DPL-16’, but the differences were 

not significant in either case. At Bossier City, 

La—Frego—2 was equal to ‘ST 7A’ and superior 

to ‘DPL-16’, but again neither difference was 

significant. At St. Joseph, La—Frego-2 yielded 

less, but not significantly so, than ‘ST 7A’ and 

‘DPL-16’. Thus, in 1972 at three locations with 

TABLE 4.—Agronomic and fiber properties of 

normal bract commercial varieties and two 

experimental strains of Frego bract in 1972 
[Avg. of 3 locations, 4 replications each] 

2.5% 
se ane iON Carne ed ee 

i ly ai ength (g/tex) 
strain (%) (%) nate (eae) 

“SHAG moan see ote 77 39.7 5.0 1.16 21.2 

‘DPR NGiaeeenere 82 39.4 4.7 1.16 22,1 

La—Frego-2 ...... 76 38.6 5.0 1.14 20.8 

La—Frego—3159 ... 83 38.6 4.8 1.15 22.3 

four replications each, there was no significant 

difference in lint yield of La—Frego-2 and 

‘DPL-16’ or ‘ST 7A’. Each of the three cottons 

yielded over two bales per acre. 

Table 6 shows lint yields of the three cottons. 

These results are from three locations and are 

the average of 4 years and 4 replications each 

year at each location. At Baton Rouge, La— 

Frego—2 yielded 101 lb of lint per acre more than 

‘ST 7A’ and 85 lb of lint per acre more than 

‘DPL-16’. At Bossier City, La-Frego—2 yielded 

67 lb of lint per acre less than ‘ST 7A’ and 56 lb 

of lint per acre less than ‘DPL-16’. At St. Joe, 

La—Frego—2 yielded 50 lb/acre more than ‘ST 

7A’ and 37 lb/acre more than ‘DPL-16’. The last 

column shows the average of 4 replications per 

location for 4 years and 3 locations for the 3 

cottons. La—Frego—2 yielded 28 lb of lint per 

acre more than ‘ST 7A’ and 22 lb of lint per acre 

more than ‘DPL-16’. 

Overall, our data show a summary of the host- 

plant resistance potential of Frego bract as a 

TABLE 5.—Lint yields of two normal bract com- 

mercial varieties and a Frego bract experi- 

mental strain in 1972 
[Avg. of 4 replications at each location] 

Pounds lint/acre Variety 

or Baton Bossier St. A 

strain Rouge City Joseph VE: 

SteAcec en ees 914a 1,114a 1,082a—c 1.037 

DEPLUAN6iwee 2s: 1,072a—d 1,076a 1,089a—b 1,079 

La—Frego-2 .. 1,040a—d 1,112a 1,020a—d 1,057 

1 Means for each location followed by the same letter do 

not differ significantly at the 0.05 level. 

Source: J. E. Jones, LSU Agronomy Department report 

of projects, 1972. 

TABLE 6.—Four-year average lint yields of two 

normal bract commercial varieties and one 

experimental strain of Frego bract grown 

at three locations with four replications per 

year 

Variety Pounds lint/acre 

or Baton Bossier St. RK 

strain Rouge City Joseph Ve: 

SG ier iAWum waren cae 763 953 980 899 

BDL AGW asoree a: 779 942 993 905 

La—Frego-2 ..... 864 886 1,030 927 

Source: J. E. Jones, LSU Agronomy Department report 

of projects, 1972. 
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boll weevil resistance trait. The problem of in- 

creased sensitivity to plant bugs was pointed out. 

Frego bract’s agronomic, fiber, and yield poten- 

tial were shown. It seems to be a very worth- 

while character. 

We have been working on other characters for 

resistance to boll weevils also. We have tested 

181 photoperiodic wild cotton lines for boll wee- 

vil resistance, and found 64 of these to be signifi- 

cantly more resistant than our commercial cot- 

ton varieties. The resistance was measured as 

eggs per female weevil caged on squares from 

these cotton lines. The average number of eggs 

per female on our check line (which was the 

strain M8) was 9.5. On the best resistant strain 

we obtained only 1.5 eggs per female per day. 

Several strains were in the range of three to 

five eggs per female per day. These strains are 

all photoperiodic and will not flower in the 

United States. We have worked with 22 of these 

in a breeding program and after two backcrosses 

to Upland, we now have good flowering types in 

all 22 lines. Field tests in 1973 in small repli- - 

cated plots showed that three lines were carry- 

ing the combination of flowering type, i.e., day- 

neutral and boll weevil resistance. We are very 

encouraged by this. We believe we can also re- 

cover the boll weevil resistance in the other 

lines, now that we have plants that flower. 

Agronomic and fiber properties are also moving 

in the right direction in the lines. We are in the 

process of making I’, crosses with the remainder 

of these 64 resistant lines with Upland varieties. 
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MASS REARING OF BOLL WEEVILS 

By O. H. Lindig? 

In less than two decades, the rearing of boll 

weevils has evolved from the laboratory rearing 

of a few insects per week on natural food to the 

production of millions per week.’ These advances 

are the result of the work of many researchers, 

the most important being the development of an 

artificial diet in 1957 by Vanderzant and Davich 

(1958). The development of an artificial diet on 

which the boll weevil could be perpetuated not 

only started researchers to work on mass rear- 

ing, but also allowed nutritional studies to 

begin. Vanderzant (1959, 1961, 1964 and 1965) 

subsequently made many studies on lipid re- 

quirements, and on defined diets to establish 

amino acid, carbohydrate, and mineral, and 

vitamin requirements. There was other work in 

nutritional research, such as Earle’s (1967) 

work on sterol requirements and (1967) essen- 

tial fatty acid requirements. In addition to the 

specific nutritional requirements of the boll wee- 

vil, others were working on modifications of 

diet, including Sterling (1966), Earle (1966), 

and Gast (1966). 

Gast (1963) realized that in order to mass- 

rear the boll weevil, not only was an efficient 

and economical diet necessary, but mechanical 

devices were also required. Much of his work 

was on improving the procedures for egg extrac- 

tion, implanting eggs on larval diet, and prepa- 

ration of oviposition diets. He also designed im- 

proved cages for holding the adults and devel- 

oped a method for collecting emerging adults. 

Many of his developments, some with modifica- 

tions, are still in use today, and all are adequate 

for production levels of 100,000 adults per week 

1 Entomologist, Boll Weevil Research Laboratory, 

Agricultural Research Service, U.S. Department of 

Agriculture, Mississippi State, Miss. 39762. 

2In 1973, the Robert T. Gast Rearing Laboratory at 

Mississippi State, opened in May 1972, produced 2.7 mil- 

lion sterile males. It was used to produce the sterile males 

released in the Pilot Boll Weevil Eradication Experi- 

ment. 
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or less. Major changes in procedures and prior- 

ities were indicated, however, when the demands 

for boll weevils became millions per week. For 

an example, when only 10 to 20 gal of diet a day 

are required, autoclaving is an effective and ef- 

ficient method of diet sterilization, but when 

daily requirements are several hundred or sev- 

eral thousand gallons, autoclaving is impractical, 

if not impossible. The same holds true in the 

forming and wax-coating of the oviposition diet. 

The implementation of flash sterilizers and pel- 

let-forming machines (Griffin 1973) solved 

most of these problems. Today, the quantity of 

diet sterilized and oviposition pellets produced 

is limited only by the size and number of ma- 

chines one wants to operate. 

The cost of the diets, fecundity, hatch, yield of 

adults from eggs, yield of adults per given vol- 

ume of diet, and other factors which are of minor 

importance in small cultures become exceedingly 

important as production increases to the millions 

per week level. This can be illustrated by consid- 

ering the requirements at a production level of 

200 million adults per week. For this level, week- 

ly requirements would involve supplying 30,000 

gal of larval diet, inoculating 1.5 billion eggs, 

and supplying 20 million females (40 million 

mixed sex) 14,000 gal of diet in which to ovi- 

posit. It is apparent that a minor reduction in 

the cost of diet, a small increase in adult yield, 

would be important. Most of our research has 

been directed toward these last areas and to- 

ward mechanization of procedures. 

The oviposition diet now in use (Lindig 1972) 

can be prepared, excluding wax coating, for ap- 

proximately 88¢/gal. The larval diet presently 

costs $1.22/gal, but a new larval diet, costing 

about $1.14/gal, is currently being tested. The 

new larval diet is also being tested as an ovi- 

position diet in hopes that a single diet can be 

utilized, and preliminary results show it to be 

equal or slightly better than the standard ovi- 



position diet in total egg production and hatch- 

ability. Females also produce eggs for a longer 

_ period of time when fed this diet, which reduces 

the percentage of each generation which must be 

returned to the colony. All of these factors con- 

tribute to cost reduction of mass-reared weevils. 

| Different environmental conditions during lar- 

_val development are also being studied, and a 

preliminary test indicated that yields of adults, 

the number of eggs and volume of diet being 

equal, could be increased twofold over the stand- 

ard environmental conditions of 29° C and 50% 

relative humidity. 

Research in mechanization of procedures has 

resulted in the utilization of flash sterilizers 

(Griffin et al. 1974) for sterilizing the diets. 

The characteristics of these units make them 

adaptable to the mechanization of other proce- 

dures, such as the forming of oviposition pellets. 

Studies are now underway to simplify and me- 

chanize the handling of the larval diet and egg 

implantation, as well as to replace the petri dish 

with a less expensive container. 

One of the major problems associated with 

mass rearing is contamination of the diets, 

which results in a lowered production of eggs 

and adults, higher costs, and a weevil of lower 

quality. More importantly, this problem makes 

it impossible to predict production levels. In ad- 

dition to microbial contamination, Gast (1966) 

reported a protozoan disease Glugea gasti, that 

destroyed his colony at the Boll Weevil Research 

Laboratory. Childress (1973) reported that 

erythromycin effectively controlled a bacterium 

that appeared to be common to many types of 

insect cultures. 

Because of the cost of the inhibitors, their 

detrimental effect at higher concentrations to 

the developing larvae, and the potential risks to 

workers who handle antibiotics, it is highly de- 

sirable that the use of these materials be kept at 

a minimum. The effective management and su- 

pervision of workers, strict adherence to sani- 

tary procedures, and the proper training and 

motivation of all employees will substantially re- 

duce contamination problems. Regardless of the 

technological advances made in nutrition, mech- 

anization, or contamination control, the ulti- 

mate success of failure of a mass-rearing pro- 

gram depends upon the skills and dedication of 

the people involved. 
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BOLL WEEVIL STERILITY 

By T. B. Davich1 

Table 1 is a brief summary of some of the re- 

sults of the first boll weevil sterilizing exveri- 

ment ever conducted (Davich and Lindquist 

1962). The weevils were sterilized by exposure 

to gamma rays in a cobalt®® source. As the table 

shows, the gamma-ray dose necessary for male 

sterility is also the lethal dose. Subsequent 

studies by a number of investigators generally 

confirmed these original findings. Fractionated 

doses of gamma rays were tried and were ruled 

out (Flint et al. 1966), although recent research 

indicates that very low doses and extension of 

the time interval between exposures may have 

some merit. Thermal neutrons, fast neutrons, 

and microwaves were tried by several investi- 

gators (Klassen et al. 1969). They resulted in 

sterility, or partial sterility, but at the cost of 

high, early mortality. Detailed laboratory studies 

indicated that even with the high, rapid mortal- 

ity the gamma-ray-sterilized weevils might be 

able to suppress a low-level population. These 

laboratory studies indicated that the sterilized 

males could be relatively competitive for 4 to 5 

days following irradiation (Bartlett 1968). To 

test the principle we ran a field test in West 

Texas in 1968 on 65 acres of cotton.” 

Releases of sterilized weevils were made, by 

hand, twice weekly beginning June 4 and ending 

September 14, for a total of 30 releases. Mortal- 

ity counts made at the time of release averaged 

8.59%. Over a million sterilized weevils, or ap- 

proximately 15,750 per acre, were released dur- 

ing the 15 weeks. Extensive manual and machine 

sampling indicated that we were holding, even 

depressing, the native population. There were 50 

field examinations during the course of the ex- 

periment. 

1 Director, Boll Weevil Research Laboratory, Agricul- 

tural Research Service, U.S. Department of Agriculture, 

Mississippi State, Miss. 39762. 

20. H. Lindig and T. B. Davich. Unpublished data. 

Table 2 shows the number of native weevils 

captured during the experiment. From July 8 to 

August 26, 19 manual surveys failed to uncover 

a single native weevil. These manual surveys 

ranged in size from 275 to 10,000 lin ft. The trac- 

tor-mounted mechanical sampler (bugcatcher) 

failed to pick up a single native weevil in five 

surveys from July 18 to August 1. Then, begin- 

ning August 28. a general migration occurred in 

the area, and the manual surveys started to pick 

up significant numbers of weevils. 

Table 3 shows the results of square dissec- 

tions. Squares containing larvae were counted 

both as eggs and hatched eggs. Again, it appears 

that the released steriles were exerting a de- 

pressing effect on the native population until 

migration occurred beginning during approxi- 

mately the second week in August and reaching 

epidemic proportions in late August. 

In Plaquemines Parish, La., about 60 mi south 

of New Orleans, we conducted in 1962 the first 

field test (Davich et al. 1965) of the sterile-male 

technique on the boll weevil. The 6-acre test field 

was 30 mi south of the l-acre check field. These 

2 fields were about 50 mi from the nearest com- 

mercial cotton. We released 10 gravid females in 

each field. In the test field, all 10 females were 

released in a l-acre portion of the field. In the 

next 5 days we searched for the released females. 

Eight established themselves very near each re- 

lease site; one moved 17 rows and the other 77 

rows from the release site. Our method of detec- 

tion consisted of looking at every square in the 

field for oviposition punctures. Detection of very 

low-level populations is an important problem 

now as it was then. Because squares were plenti- 

ful, the released females moved very little after 

establishing themselves. The number and timing 

of the sterile-male relases were based on certain 

theoretical calculations involving the number of 

F,, offspring that we might expect, the develop- 
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TABLE 1.—Boll weevil adult mortality and hatch 

of eggs obtained following the mating of 

irradiated males with normal females 

Days to— 
Dose 4 Egg 

(K rad) 50% 90% hatch (%) 
mortality mortality 

0 30.0+ ni 97 
5 8.0 11.0 32 

10 7.0 10.0 9 
15 6.5 8.5 0 

mental period, peak emergence, and other fac- 

tors. We decided to strive for a constant 20:1 

ratio of released sterile males to normal males 

developing in the field. The males were steril- 

ized by dipping them twice, at an interval of 24 

h, for 15s ina 2% apholate solution. They were 

released once each week. To offset the mortality 

that would follow handling, shipping, and toxic- 

ity of the chemosterilant, we dipped approxi- 

mately twice the number of males we actually 

released. We prevented reproduction of the pop- 

ulation of boll weevils in this test (table 4). De- 

TABLE 2.——_Native weevils captured on 65 acres in boll weevil sterile-release 

test in West Texas, 1968 

3 Percent : 

Date Native of field Sampling 
weevils/acre ernpled method 

JMSB QT eh asrsicee ianeresevev ep alee raved 1.05 1.4 Survey. 

July 8 Beal Gg DU CP aLB Gore Oho Gee Gap EG cea 90 1.7. Do. 

Jl yee Sue iss godt. 20 7.9 Bugcatcher. 

Null yaa tree reac E tte cre 20 7.8 Do. 

July= U8—Auigt O62 ve cece. se: 0 0.25-1.0 Survey. 
July WS SA oe Mehnre cay ee 0) 6.5-8.8 Bugcatcher. 

ANI P Oe dagdasvrociettelentairslaree 17 9.0 Do. 

Aug 22. vAuos 26.2 Masai siete (0) 39.0 Do 

/ Nuker OAS eRy nee aehcon We ecg ote 23 14 Survey 

SLETat iat ale Se le gba 91 02 Do. 
Se ete ee MP eS tier area nirs chen eae. 454 02 Do. 

119 samplings. 

25 samplings. 
3 Mean value. 

TABLE 3.—Results of square dissections in 1968 West Texas sterile boll wee- 

vil release experiment 

Dissection No. larvae plus No. eggs in sample 

date viable eggs /acre Total No. hatched 

JulyS—Julysl SEs Teerersianers 0 16 0 

Tulyel G—Julyal826 < bjesye ee: dat 7-90 127 bf 

Malye O OS ly Moa rach jevstart chen: 0 40 0 

uly Dees eusney Aa ee eta ay ection speach 26 4 2 

Truly 726 eee BB OM arta 0 1 0 

JealyHOOu NEY eT RC IM! 21 ll 1 
JulyzQiSAve ele eee sak cean (0) 16 0 

FUER May Hee shad ook MES one dae eae 32 11 1 

Auge Ag 93 panic yas koe 14-63 79 6 
Ge SO tenet Decree tans 150 28 6 
NGG Vee st OS ya Roo eu BLA heya rs nid fala 920 36 920 

15 samplings. 

23 samplings. 
34 samplings. 

54 



TABLE 4.—Oviposition punctures and egg hatch in an experimental effort to eradicate an artificial 

infestation of the boll weevil in plots in Louisiana 

Test plot} Check plot? 

Observa- Squares with ovi- Hatch of Squares with ovi- Hatch of 

tion position punctures eggs dis- position punctures eggs dis- 

date at release site? sected from at release site® sected from 

No. Percent square? (%) No. Percent square? (%) 

ANU, NPA 3G 0 olba do 000 00K 112 9 

a cays oa eon eet 181 11.0 a 10 Kg 
TSS ees eee eater 79 15.8 0 nee Sere 70 

Oe Ole rye etic 160 6.4 0) 56 ieee 86 

DRM OM Pens. ase 182 36.5 0 5.5 100 
Sepnerotte. itd, SO 84 14.0 0 70 

12) Here ROE cera ed ll 11.0 0 

oP spon BON ae en 49.89 9.0 (0) elas shes 
LQ Beet ae 4131 6.3 0 51,502 34.8 

DY Mareen ae tlt tere 3 9 0 asa Rte 

OCHO eee ere oe 3 1.0 0 1,031 40.0 
GIs nah a a a8 Faas Ahi AMG; ENA 17.0 

INCONTAilliswtsan Reta one Sledge 60 0 138 41.0 

OPS ai ead bien ala 60 0 51,070 37.8 

110 gravid females placed in the test plot on July 26. 5 gravid females placed in the check plot on July 26 and again on 

August 14. Check plot sprayed October 10 and 22. 
2 Release site consisted of a circle having a 25-ft radius centered on the female release plant or establishment point. 

3 From 6 to 100 squares dissected each week. 
4 All squares examined in 5 randomly selected 100-ft row sections in the release acre. 

5 Randomly picked squares. 
6 Squares on every plant in field’examined. 

tails of other calculations, based on the observed 

number of eggs laid by the original 10 gravid 

females, indicated that we actually had a ratio 

of no less than 47:1 of sterile: normal males. At 

the termination of the experiment, the l-acre 

check field had a population of 74,000 boll wee- 

vils. Egg hatch in the check ranged from 70% to 

100%. 

Our most ambitious field experiment up to 

1968, when we did the West Texas experiment, 

was an attempt to eradicate a natural field pop- 

ulation of weevils in a partially isolated area of 

the Cotton Belt in 1964 (Davich et al. 1967). The 

males were sterilized by two 15s dips, 24 h apart, 

in a 2% apholate solution. Figure 1 shows the 

experimental setup in Baldwin County, east of 

Mobile, Ala., where we attempted to eradicate 

the boll weevil with a combination of applica- 

tions of insecticides and sterile-male releases. 

The number of letters in each circle indicates the 

number of fields at that location. All the circled 

fields below a line running from Robertsdale 

west were treated eight times with methyl] para- 

thion at weekly intervals in the autumn of 1963 

to reduce the overwintered population to as low 

BALDWIN County, ALABAMA 

© UNTREATED 
BUFFER (treateo IN 1964) 

© CHEMICAL (piapause contRot 1963) 
© STERILE (piapause controt 19631 

MOBILE BAY 

FIGURE 1.—Experimental setup of insecticide plus sterile- 

release boll weevile experiment, Baldwin County, 

Ala., 1968, 1964. 
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a level as possible. The weevil population was 
estimated to be about 30 per acre on each of five 

weekly counts towards the end of the treatment 

period. No hibernating weevils in the treated 

zone, and 160 per acre in the untreated buffer 

zone were found in the examination of limited 

numbers of spring woods trash samples. Five 

boll weevils were found in 1964 on 11,500 lin ft 

of seedling cotton inspected in the buffer zone. 

None were found on 13,000 lin ft of seedling cot- 

ton inspected in the chemical control zone. 

Table 5 shows the oviposition-punctured 

square counts for two of the three fields treated 

with insecticides interspersed with the release 

of sterile males. Field 1 was the best and field 3 

the worst. Field 4 was the best of the six fields 

which received sterile males only, and field 5 

was the worst. In no case was the economic dam- 

age threshold reached. 

We did not achieve eradication for the follow- 

ing reasons: (1) Lack of isolation, (2) too high 

population levels to start with, (3) quality con- 

trol data on the released males indicated that 

sterility ranged from 100% down to 88%, with 

a mean of 95.8%, (4) males that survive for 3 

to 4 weeks regain a high degree of fertility, and 

(5) sexing errors resulting in the release of up 

to 2% females, against which apholate is a poor 

sterilizing agent. 

We surveyed the area in 1965 to follow the 

population buildup. Table 6 shows the results. 

We did nothing to suppress the populations in 

any of the areas in 1965. It is evident that there 

was a definite carryover effect in the sterile- 

release area. 

In cooperation with Auburn University sterile 

boll weevil release experiments were conducted 

in the Coosa River Valley of east-central Ala- 

bama in 1970-71.* In 1971, the release fields 

were located 5 mi south of Talladega and were 

bordered on two sides by the Talladega National 

Forest. The test fields were included in the Coosa 

River diapause program of 1970. There were 

eight release fields totaling 125 acres. Two fields, 

26 and 4 acres, received males; two other fields, 

30 and 5 acres, received females; and four other 

fields, 10, 30, 10, and 10 acres, received both 

sexes. The release fields were trapped from May 

7 to July 2, using grandlure-baited traps at a 

3 Floyd R. Gilliland, principal investigator. Data un- 

published. 
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rate of approximately one per acre. We trapped 

from 9.6 to 26.9 weevils per acre around the 

fields, which is too high a level for the use of 

the sterile-male technique. However, we pro- 

ceeded to make the weekly releases as planned. 

Sterile releases were made weekly from July 

7 to August 18. The weevils were released at a 

rate of approximately 278 per acre in the male 

tields, and 270 per acre in the female fields. In 

the mixed-sex fields, the weevils were released 

at a rate of 225 per acre. As table 7 shows, there 

appeared to be little difference in the suppres- 

sion obtained among males, females, or mixed 

sex. Why females only suppressed the popula- 

tions, we can only speculate. 

The research program originally took two ap- 

proaches to sterilize the boll wevil. First, sterili- 

zation by gamma rays and second, sterilization 

through the use of chemicals. Each has its ad- 

vantages. The first, radiation, is a relatively 

quick procedure and can be accomplished with 

little handling. Also, with radiation both sexes 

are sterilized. Chemosterilization, on the other 

hand, obviates the necessity for the expensive, 

sophisticated irradiation equipment. The method 

we finally chose, chemosterilization, was based 

on its overall effectiveness and ability to supply 

apparently vigorous weevils of sufficient longev- 

ity to fit our needs—something which we have 

been unable to accomplish using radiation. 

Apholate, an alkylating agent that had shown 

some effectiveness with houseflies, was also ef- 

fective to a high degree with the weevil (Hedin 

et al. 1964, Lindquist et al. 1964). It can be 

sprayed on cotton plants or fed to reared adults 

in media. However, it is quite toxic to the weevil, 

resulting in 50% to 60% mortality in 48 h. 

Further, an appreciable percentage of the males 

recover fertility if they live long enough. Hempa 

(Haynes et al. 1966) was found to be an effec- 

tive sterilant when the weevils were fed on medi- 

cated diet, but they recover their fertility if they 

subsequently feed on squares. Dipping the males 

in hempa failed to induce sterility (Haynes et al. 

1966). 

In 1966 we contracted the Southern Research 

Institute at Birmingham, Ala., to conduct an ex- 

tensive screening program for new promising 

chemosterilants. During a period of 4 years they 

screened well over 3,000 candidate materials, 

some of which we are still following up to this 

day. Additionally, we had extensive cooperation 



5.—Oviposition-punctured squares in selected fields in Baldwin 

County, Ala., boll weevil sterile-relase experiment, 1964 

Field No. insecticide No. punctured squares/acre (seasonal ) 

No. applications Low High Mean 

1 5 24 353 118 

3 4 54 1,836 1,055 
4 ) 0 60 27 

5 0 0 788 169 

TABLE 6.—Boll weevil population building in 1965 following termination in 

1964 of Baldwin County, Ala., sterile-release experiment 

Weevils/acre in zone 

avec record TPR Buffer Chemical Sterile 

Woodsitrashy st .is0-u: eae le Marchi: se eey ae ka 194 0 0 

WW) ORM)O" ouiqnduocaaonoes IMENT Binet os opie ome 24 6 1 

On field plants and 
imshedfruit: «60. ss sc UNE MIDE meee oc 436 45 0 

DOM eon ene ee: iuines3 Oleg sie iaens 409 435 A? 

TD Yo Winall Null 2 Sees ee ot 7,194 2,004 1,386 

1 Total weevils captured, not weevils per acre. 

from Agricultural Research Service laboratories 

in Fargo, N. Dak., Florence, Ala., and Baton 

Rouge, La. 

A number of promising leads came out of this 

cooperative program, and busulfan, the chemo- 

sterilant of choice at present, was found (Klas- 

sen and Earle 1970). They found that prolonged 

feeding of this material could cause male steril- 

ity in excess of 95%. Busulfan, if manipulated 

properly, can and will sterilize males without 

causing undue damage to either the vigor or 

libido of the weevils. It has two disadvantages: 

(1) It does not sterilize a high enough percent- 

age of the females, which means that we have to 

separate the sexes, and (2) there is very little 

margin of error in the required concentration. 

In other words, the sterile dose and the lethal 

dose are quite close. 

TABLE 7.—Summary of results of sterile release 

test in Coosa River Valley, Ala., 1971 

Sex Mean squares with viable eggs and larvae (%) 

released July 21 Aug.3 Aug. 26 Avg. 

Female =::. 2)... 0.8 2.5 27.8 15.4 

IMENS coscctcco0s 35 12, 42.0 14.0 

Botte cet: 1.8 3.6 32.8 15.4 

Controle nae 33.0 54.0 82.0 45.0 

A combination of busulfan and hempa appears 

to be superior to busulfan alone (Haynes et al. 

1972). In any case, as we have noted on many 

occasions, we still need better chemosterilants 

and more efficient ways of administering them. 

In the interest of economy, we need to reduce the 

time necessary to sterilize the weevils. We need 

sterilants which will allow us some margin of op- 

erating error, so that we can get off the razor’s 

edge we teeter on with our present materials. We 

need sterilants with which we can determine the 

dosages, rather than leaving it to the weevils’ 

whim, as is the case when it feeds on a medicated 

medium. To that end a number of cooperating 

laboratories are examining other methods of ap- 

plication, particularly fumigation with various 

promising materials—radioactive gases, modifi- 

cations of radiation procedures, and combina- 

tions of such procedures. We are optimistic that 

we will succeed in developing a method of steri- 

lizing both sexes without undue impairment of 

mating competitiveness. 
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EVENTS LEADING TO THE PILOT 

BOLL WEEVIL ERADICATION EXPERIMENT 
By C. R. Parencia, Jr.1 

The boll weevil, Anthonomus grandis Bohe- 

man, was described in 1843 by C. H. Boheman 

from specimens received from Vera Cruz, Mex- 

ico. The first report of the occurrence of the boll 

weevil in the United States was received by the 

Department of Agriculture in the fall of 1894 

from Brownsville, Tex. The result was that 

C. H. T. Townsend of the Division of Entomology 

was sent to Texas. He found that several coun- 

ties were infested with boll weevils and that seri- 

ous damage had been caused by the pest since 

1892. It is not the purpose of this discussion to 

give the history of the spread of the boll weevil 

in this country, but comments relating to early 

research seem to be in order. 

Townsend’s report relating to the area infested 

and the life history and habits of the boll weevil 

was published in March 1895 in Insect Life, Vol. 

7, No. 4. He recommended in his report that cot- 

ton stalks be destroyed to kill overwintering wee- 

vils and that a noncotton zone be established to 

prevent further spread of the pest insect. The 

Department of Agriculture reported the serious- 

ness of the pest to the Governor of Texas and 

urged immediate legislation to permit quaran- 

tines and remedial work. By 1895 the boll weevil 

had spread as far north as San Antonio and as 

far east as Wharton, Tex., and 1898 was an es- 

pecially bad year for boll weevils. The Legisla- 

ture of Texas therefore made an appropriation 

for research and appointed a State entomologist 

to investigate means of control. The work on the 

boll weevil by the Division of Entomology of the 

Department of Agriculture was therefore dis- 

continued at the end of that season. 

Nevertheless, the boll weevil continued to 

spread, and it was not long, 1901, before other 

States were threatened with invasion. Congress 

therefore made a special appropriation to sup- 

port research designed to discover a means of 

preventing further spread. The resulting pro- 

gram was directed by W. D. Hunter. In 1908, 

Hunter demonstrated the cultural methods of 

1 Staff specialist, National Program Staff, Plant and 

Entomological Sciences, Agricultural Research Service, 

U.S. Department of Agriculture, Beltsville, Md. 20705. 

controlling the boll weevil that had been devel- 

oped by and were recommended by the Division 

of Entomology on eight cooperating farms. 

These farm demonstrations developed into the 

Farmers’ Cooperative Demonstrations of the 

Bureau of Plant Industry and later into the pres- 

ent Extension Service of the Department of 

Agriculture. 

A laboratory was established at Victoria, 

Tex., in 1902. This work was moved to Dallas, 

Tex., in 1905 and from Dallas to Tallulah, La., 

in 1909. There it remained until June 30, 1973. 

The development of materials capable of con- 

trolling the boll weevil is of considerable inter- 

est, but time does not permit more than a brief 

discussion here. Paris green was tested in 1896, 

but it was not an effective material. In 1908, lead 

arsenate was formulated as a dust and at first 

seemed a promising supplement to cultural 

methods of controlling the boll weevil. However, 

results were erratic, and the method was not 

recommended by the Bureau nor used exten- 

sively by growers. 

The first breakthrough came when the then 

new insecticide, calcium arsenate, was used in 

field tests against the boll weevil in 1916. Al- 

though problems with formulation were encoun- 

tered, sufficient progress had been made by 1921 

so that the material was tested in several sec- 

tions of the Cotton Belt by Tallulah laboratory 

personnel. Machines for applying the material 

were developed at the same time. The story of 

the development of calcium arsenate for control 

of the boll weevil is worthy of treatment else- 

where than in this discussion. 

The next step in boll weevil control was the 

application of calcium arsenate dust from air- 

planes. The use of airplanes was suggested by 

the success of the Ohio Agricultural Experiment 

Station achieved with aerial applications of lead 

arsenate for control of the catalpa sphinx, Cera- 

tomia catalpae (Boisduval), in 1921. However, 

the first such efforts against cotton insects were 

made against the cotton leafworm, Alabama ar- 

gillacea (Hiibner), in 1922. Thereafter, this 

method of application rapidly became wide- 
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spread, and commercial companies soon main- 
tained fleets of airplanes for use in controlling 
the boll weevil and the cotton leafworm. 

Calcium arsenate dust and its application via 

aircraft was a major breakthrough in boll wee- 

vil control, but the insecticide was never widely 

accepted because its use often caused the devel- 

opment of infestations of the cotton aphid, 

Aphis gossypii (Glover). This pest, if uncon- 

trolled, would cause damage sufficient to offset 

any benefits obtained by controlling the boll 

weevil. Nicotine sulfate was developed as an 

aphicide, but it was difficult and unpleasant to 

formulate and apply, and it never gained wide 

acceptance. 

The next major breakthrough was the devel- 

opment of organochlorine insecticides. However, 

the first of them, DDT, did not control the boll 

weevil. Only when BHC, toxaphene, aldrin, diel- 

drin, and heptachlor were developed did grow- 

ers have more efficient insecticides than cal- 

cium arsenate. When these effective materials 

were mixed with DDT, the mixture controlled 

both the bollworm, Heliothis zea (Boddie), and 

the boll weevil; and parathion could be used as an 

aphicide when needed. Thus, once low-pressure, 

low-volume sprays had been developed, growers 

and researchers felt that the situation was well 
in hand. 

Unfortunately, the era of control with or- 

ganochlorine insecticides was short-lived. By 

the mid-1950’s the boll weevil had developed re- 

sistance. However, in the meantime, methyl 

parathion, and later azinphosmethyl, were de- 

veloped for control of the boll weevil. 

The threat of resistance now created an era 

of apprehension. Spokesmen for the cotton pro- 

ducers repeatedly emphasized that the survival 

of the industry depended on adequate research 

designed to strengthen the ability of U.S. pro- 

ducers to compete for markets. Leading scien- 

tists and spokesmen for industry agreed that the 

presence of the boll weevil in cotton-producing 

areas posed a major and costly problem for the 

cotton industry and that research support was 

an urgent need. As a result, in the Agricultural 

Appropriation Reports for fiscal year 1959, 

both the House and Senate Agriculture Commit- 

tees requested the Secretary of Agriculture to 

review the boll weevil problem and to submit a 

report on research and facility needs. 

A working group was subsequently appointed 
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by the Office of the Secretary to (1) develop in- 

formation about current research programs de- 

voted to the boi! weevil by State and Federal 

Governments and by private industry, (2) de- 

termine the needs for an overall comprehensive 

program, and (8) determine the broad area of 

research that would be appropriate for Federal 

attention and support. This group consisted of 

H. G. Johnston of the National Cotton Council 

of America, E. R. McGovran of the Cooperative 

State Research Service (CSRS), and E. F. 

Knrivling (chairman) and C. R. Parencia (sec- 

retary) of the Agricultural Research Service 

(ARS). The information requested by Congress 

was obtained by visiting various Divisions in 

ARS, by talking with the Agricultural Experi- 

ment Stations in the major cotton-producing 

States infested with the boll weevil, and by con- 

ferring with the various sectors of private in- 

dustry. The report was submitted December 30, 

1958. Funds were thereafter appropriated by 

Congress for the establishment of the Boll Wee- 

vil Research Laboratory (BWRL) on the camp- 

us of Mississippi State University and for the 

strengthening of ongoing research at the ARS 

Cotton Insect Research laboratories at College 

Station, Tex.; Baton Rouge, La.; and Florence, 

S.C. The new facility at Mississippi State was 

dedicated in a formal ceremony in March 1962. 

The ultimate goal of the work projected there 

was the eradication of the boll weevil. Simul- 

taneously, research involving the boll weevil was 

strengthened in several of the State Agricultural 

Experiment Stations. 

As time passed, the expedited research pro- 

duced the following significant findings: (1) 

Development of techniques for mass rearing 

the boll weevil, (2) development of the repro- 

duction-diapause boll weevil suppression pro- 

gram, (3) development of the use of ultra-low- 

volume sprays of insecticides, (4) development 

of the systemic insecticide, aldicarb, that con- 

trols the boll weevil, (5) identification and syn- 

thesis of the attractant, grandlure, and design 

of traps that could be baited with the substance 

and used to capture boll weevils, (6) progress in 

developing a chemosterilant that could be used 

to produce sterile males for release, and (7) 

progress in the development of a Frego bract 

strain of cotton that has considerable resistance 

to the boll weevil. 

The progress made and the importance and 



urgency of eliminating the boll weevil problem 

as soon as it became technically and operation- 

ally feasible resulted in the establishment of a 

special study committee on boll weevil elimina- 

tion by the National Cotton Council of America 

at its 1969 annual meeting. The committee met 

in Memphis, Tenn., on May 6, 1969, to review 

current information concerning the status of 

boll weevil suppression measures and to consider 

what actions should be taken toward eliminating 

of the boll weevil as a pest of cotton. The chair- 

man of the Special Study Committee, R. R. 

Coker, also appointed a subcommittee that was 

to select sites in the southeast, midsouth, and 

southwest regions of the Cotton Belt that would 

be suitable for areawide experiments to deter- 

mine whether the elimination of boll weevils was 

feasible with currently available techniques. 

The members of the subcommittee were J. R. 

Brazzel of the Animal and Plant Health Inspec- 

tion Service (APHIS) of the U.S. Department 

of Agriculture, H. G. Johnston of the National 

Cotton Council of America, David F. Young of 

Mississippi State University, C. R. Parencia of 

ARS, (secretary), and E. F. Knipling of ARS 

(chairman). The subcommittee met with appro- 

priate administrators, with research, extension, 

and regulatory personnel, and with representa- 

tives of the cotton industry in South Carolina, 

Georgia, Alabama, Mississippi, Louisiana, Ar- 

kansas, and Texas to discuss the objective of the 

experiment and to outline the general proce- 

dures that would be used. In every conference, 

the representatives of the States agreed that a 

Pilot Boll Weevil Eradication Experiment 

(PBWEE) should be undertaken because of the 

urgency of an acceptable and permanent solu- 

tion to this problem. 

The report of the subcommittee entitled ‘“Se- 

lections of Locations for Pilot Boll Weevil Eradi- 

cation Experiments” dated August 15, 1969, 

was presented to the Special Study Committee 

on Boll Weevil Elimination in Memphis, Ten- 

nessee, on September 16, 1969. It recommended 

that a PBWEE be conducted in calendar year 

1970 in an area centered in south Mississippi, 

but including adjacent cotton acreages in Ala- 

bama and Louisiana. 

After the Special Study Committee accepted 

the recommendation of the subcommittee, it met 

with officials of the Department of Agriculture 

to discuss ways of financing the proposed ex- 

periment. One million dollars was available from 

ARS (later ARS and APHIS), $500,000 from 

CSRS, and $500,000 from industry, that is, from 

Cotton Incorporated. Mississippi would provide 

a facility for rearing boll weevils that would be’ 

sterilized and released. A detailed study of the 

area increased the estimated cost to $2.5 million, 

and the experiment was thus delayed until the 

additional financing could be obtained. How- 

ever, in 1971, considerable reduction in the cot- 

ton acreage in the test area made it feasible to 

start the experiment with available funds. 

The membership of the Technical Guidance 

Committee for PBWEE, appointed by the Office 

of the Secretary of Agriculture, consisted of P. 

L. Adkisson of Texas A&M University, F. S. 

Arant of Auburn University, Richard Carlton 

of the Louisiana Department of Agriculture, T. 

B. Davich of the BWRL, C. C. Fancher of the 

Mississippi Department of Agriculture, O. T. 

Guice of the Mississippi State Plant Board, F. G. 

Maxwell of Mississippi State University, R. C. 

Riley of CSRS, W. F. Helms of APHIS, J. S. 

Roussel of Louisiana State University, W. A. 

Ruffin of the Alabama Department of Agricuk 

ture, D. R. Shepherd of APHIS, George Slater 

of Cotton Incorporated, Ritchie Smith of the 

National Cotton Council of America, David 

Young of Mississippi State University, C. R. 

Parencia of ARS (secretary), J. R. Brazzel of 

APHIS (cochairman), and E. F. Knipling of 

ARS (cochairman) . 

The experiment got under way in July 1971 

and was completed early in August 1973. The 

Technical Guidance Committee met August 30, 

1973, to study the results. It concluded that it is 

“technically and operationally feasible to elim- 

inate the boll weevil as an economic pest in the 

United States by the use of techniques that are 

ecologically acceptable.” 

Subsequently, the Technical Committee to 

Develop Overall Plan for Boll Weevil Elimina- 

tion was appointed by the National Cotton Coun- 

cil’s Study Committee on Boll Weevil Elimina- 

tion. This committee developed a plan and pre- 

sented it to the Study Committee on December 

3, 1973. The plan was submitted to the Secre- 

tary of Agriculture on December 12. 
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OPERATIONAL PLAN AND EXECUTION 
OF THE PILOT BOLL WEEVIL 
ERADICATION EXPERIMENT 

By F. J. Boyd1 

The Pilot Boll Weevil Eradication Experiment 
(PBWEE) was conducted in an area which cov- 
ered all or parts of 30 counties in south Missis- 
Sippl, 5 parishes in Louisiana, and 2 counties in 
Alabama (fig. 1). It was necessary that the ex- 
periment be conducted in an area where the boll 
weevil was well established, populations con- 
sistently high, and execution of control measures 
difficult. Most fields were small, surrounded by 
high trees, and difficult to treat by aircraft. 
During the course of the experiment, field size 
averaged approximately 8 to 12 acres. This area 
was selected as being representative of the worst 
boll weevil conditions likely to be encountered 
in the boll weevil belt. Everyone concerned felt 
that if we could demonstrate elimination of the 
boll weevil from this area, we could successfully 
execute this program in any part of the boll 
weevil infested area of the United States. 

The experiment was organized geographically 
with an eradication zone located in the center of 
a series of suppression areas (fig. 1). The eradi- 
cation zone consisted of an area within a 25 mi 
radius of Columbia, Miss. Concentric buffer 
zones of approximately 50 mi in depth were es- 
tablished around the eradication zone. The ac- 
tual evaluation of the test was done in the 
eradication zone. The buffer zones were designed 
to prevent or reduce migration of boll weevils 
into the eradication zone. A test area of this size 
was necessary since it had been reported that the 
boll weevil could migrate up to 45 mi.2 Table 1 

1 Entomologist, Animal and Plant Health Inspection 
Service, U.S. Department of Agriculture, Prentiss, Miss. 
39474. 

* Davich, T. B., Hardee, D. D., and Alcala, M. J. 1970. 
Long-range dispersal of boll weevils determined with 
wing traps baited with males. J. Econ. Entomol. 63: 
1706-1708. 
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gives the number or cotton acres planted in the | 
different zones in 1971, 1972, and 1973. 

Execution of the operational phase of the ex- | 
periment was carried out by a special team of | 
entomologists and inspectors in the Methods De- 
velopment Group of Plant Protection and Quar- | 
antine, Animal and Plant Health Inspection | 
Service (APHIS) in cooperation with the other 
agencies involved in the implementation of the | 
experiment. 

For coordination and operational purposes, 
the area was divided into work units. One pro- 
fessional employee (unit supervisor) was in 
charge of and responsible for all operational ac- 
tivities conducted in his unit. These activities in- 
cluded locating and mapping all cottonfields, col- 
lecting infestation data, directing all contractual 
aircraft insecticide applications, and applying 
all other suppression measures prescribed in 
the experiment. A zone supervisor coordinated 
the activities carried out in each zone, which 
consisted of several work units. 

SUPPRESSION MEASURES 

The eradication plan developed for us in the 
PBWEE involved the integrated use of several 
suppression techniques, which included the use 
of chemical, biological, and cultural control 
methods. The suppression techniques were exe- 
cuted intensively in the eradication and first 
buffer zones. In the second and third buffer 
zones, they were executed less intensively, since 
these areas were designed to lessen the likelihood 
of boll weevil migration into the eradication zone. 

The eradication scheme utilized eight tech- 
niques which were designed to progressively 
reduce the boll weevil population to achieve 
elimination. These techniques were (1) in-sea- 
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Figure 1.—Pilot Boll Weevil Eradication Experiment area, with breakdown of interior areas and zones. 

son control, (2) reproduction-diapause control, 

(3) cultural control—defoliation, (4) cultural 

control—stalk destruction, (5) pheromone 

traps, (6) trap crops, (7) pinhead square treat- 

ment, and (8) sterile-male releases. 

EXECUTION 

1971 

In-season control.—The in-season boll weevil 

control phase was implemented primarily 

through the Cooperative Extension Services of 

the States involved. Producer meetings, news- 

letters, and radio programs promoted the need 

for good in-season insect control, kept producers 

informed on the boll weevil population level in 

each individual field and made recommendations 

concerning insecticides and methods of applica- 

tion. The PBWEE field personnel, through indi- 

vidual contact, encouraged producers to carry 

out a good in-season control program using the 

Cooperative Extension Service recommenda- 

tions. 

Although much effort was put forth to get 

producers to carry out on an adequate in-season 

control program, the results were not very suc- 

cessful. It was estimated by the Cooperative Ex- 

tension Service that approximately 50% of the 

acreage received no in-season insecticide treat- 

ments. This was primarily because many of the 

growers had only a small acreage of cotton, and 

could not afford the type of application equip- 

ment necessary for an adequate insect control 

program. Furthermore, the availability of cus- 

tom pesticide applicators was limited. 
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TABLE 1.—Cotton acreage in the different zones 

of the Pilot Boll Weevil Eradication 

Hxperiment during 1971, 1972, and 

1973 

No. of acres 
Zone 

1971 1972 1973 

Hradicationnatccrsenet. 3,222 2,906 1,817 
Iistibbutferie seep ce te 3,829 3,905 4,894 
Qdiibutfercus waa c dcr 4,774 3,041 12,996 

Sditbufferse ct aaten nec. 11,912 9,449 19,967 
Totally.) ei eee a. 23,737 19,301 18,904 

1 Approximate acreage as estimated by the Cooperative 
Extension Service, Mississippi State University. 

Reproduction-diapause control.—Fall insecti- 

cide treatments were applied at 5 to 12 day in- 

tervals beginning in August and continuing 

until frost to suppress late-season boll weevil re- 

production and prevent weevils from attaining 

diapause. Helicopters were used to apply the 

treatments in the eradication and first buffer 

zones and fixed-wing aircraft were used in the 

outer buffer zones. In 1971 these treatments 

were initiated August 9 in the eradication and 

first buffer zones, and on approximately Sep- 

tember 1 in the outer buffer zones. The treat- 

ments were applied at 5-day intervals in August, 

at 5- to 7-day intervals from September 1-15, at 

7- to 10-day intervals from September 15-30, and 

at 10- to 12-day intervals after October 1. Mala- 

thion was applied as an ultra-low-volume spray 

at the rate of 1.2 lb/acre. In the whole treatment 

period, a total of 13 applications were applied in 

the eradication and first buffer zones, 8 appli- 

cations in the second buffer zone, and 4 applica- 

tions in the third buffer zone. A small number of 

fields in the third buffer zone, which had exces- 

sive weevil populations, received a fifth applica- 

tion. Table 2 gives the application dates for each 

zone. 

Cultural control—defoliation and stalk de- 

struction.—All cotton in the eradication and 

first buffer zones was defoliated when it reached 

the recommended rate of maturity (60% open 

bolls and other bolls at least 25 days old). The 

defoliant Def or Folex was applied at 1.5 pt/ 

acre with water in a total mix of 5 gal/acre. 

The purpose of the defoliation was to reduce the 

weevils’ food sources and speed up harvest oper- 

ations. Also the removal of the foliage made any 

weevils remaining on the cotton more vulnerable 

to contact with the insecticide applied for dia- 

pause control. In 1971, 83% of the 7,051 acres 

was defoliated from October 1 to 15 and the re- 

maining acreage was done from October 20 to 27. 

Cotton stalks were destroyed in all eradication 

and first buffer-zone fields harvested prior to 

the first killing frost, thus completely eliminat- 

ing all boll weevil food and breeding sites in these 

fields. But with a reasonably wet fall in 1971, 

harvest was slow, and only 2,724 acres was de- 

stroyed prior to the first frost on November 11. 

1972 

Pheromone traps-—Boll weevil pheromone 

traps were used around eradication and first 

buffer-zone fields in the spring and summer to 

capture overwintered boll weevils as they em- 

TABLE 2.—Inclusive application dates of reproduction-diapause boll weevil control treatments ap- 

plied in the Pilot Boll Weevil Eradication Experiment area in 1971 

Application Zone 

No. Eradication 1st buffer 2d buffer 3d buffer 

1 PATI OST Ginette ction memeent anit Aug. 9=15....-.0...... Augii80=Sept. Wack. sake Aug. 30-Sept. 7 
2 PASTS Masai chime nals Sal Ab LASTS ie Sl tes. CNOA eect es Sept. 138-21 
8 Ise coat ote OnE ates OF QHD Hee amieer sete 1B agen oud oot 27-30 

4 OY EOE aE OO DOL Gd OY EON ya Saio dhe apuDe OX) ese a ewes ouside Oct. 12-14 

5 AIG S0—SePts Diriece cists sists Aug. 30—-Sept. 4....... DQ Ye TEER LS SOR RDO eRe ee eee eae 

6 SCO HMSO aoteadesmtman sacsalntan Septa AG=mSinccsceeyatrr cet (OYG: Pak sult one manana etc St MG ata ciate 

th BPE ES Fe ee ra NO eee, 3 a DBI oic bdo bist ob ee) PS Rea on Mee ek RES nia Gia 6h, 

8 ODOR A Ons Ons ane oeee DOA RAN aoe wae OLSOT i petro aie bathe ome dap babe 

9 DERI NORA cia et Gee Toe ait DTH 3 Oi cite ah iedibe cave cru Vals SACRO ees OL ONS oie odlats ey see Reese 

10 OCR re OMe tie ci em ue un Oct Ly PMT Pa ase read gl bcdhine Aik Fr hte vgn ted hl Male Win eR buces Ie 

jbl B= 2 Oise honey swsec a aes WUE 0 etn aera ht NAIR SAE RS ace he a aca a exe Lh 

12 DBO OU OHI A 8 Sat SS Et eo DRAOO NS AR PREM RE RSS BURR COED, Ca Rae Ure die A a RR Re ey Dena 

13 IN OVER OSLO SE Sena e reese. dee Nov GET Oe A SEE SEG At ie Ss ok Se a A ae 
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erged from hibernation quarters and to pinpoint 

high boll weevil survival areas. The traps were 

located around the fields next to potential boll 

weevil hibernation sites. Both fields that were 

planted to cotton the current year and unplanted 

fields that had been planted the previous year 

were trapped at an approximate rate of two 

traps per acre from mid-April until mid-July. 

The traps were baited with the synthetic phero- 

mone, grandlure, either once or twice per week, 

depending upon the formulation being used. Two 

traps per field remained in service throughout 

the fall and winter to monitor boll weevil move- 

ment and population levels. Two traps per acre 

were also in service for 2 to 3 weeks at the time 

of stalk destruction in each field. Table 3 gives 

the average number of traps in service per week 

during each month. 

Trap crops.—A four-row strip of trap-crop 

cotton extending the length of the field was 

planted in every cotton field in the eradication 

and first buffer zones. Cottonseed of the ‘Qua- 

Paw’ variety was used in order to get earlier 

fruiting. The trap crops were planted in late 

March or early April, 2 to 3 weeks ahead of the 

producer’s cotton, in order for the trap-crop cot- 

ton to be larger, fruit earlier, and be generally 

more attractive to boll weevils. This early plant- 

ing was accomplished with the help of a quaran- 

tine issued by the State regulatory agencies 

which stated that no producer cotton could be 

planted prior to April 15. This date was deter- 

mined as the beginning of the optimum planting 

period for this area by the Cooperative Exten- 

sion Service. The trap crops were baited with 

the synthetic boll weevil pheromone, grandlure, 

to attract. into the trap crop any boll weevils that 

entered the field. In order to kill the weevils as 

they moved into the trap crop, the cotton re- 

ceived a 1 lb active ingredient per acre in-furrow 

treatment of the systemic insecticide aldicarb at. 

planting and a 2-lb/acre sidedress treatment 

when the cotton reached the pinhead square 

stage approximately 6 to 7 weeks after planting. 

Foliar insecticide treatments of malathion or 

azinphosmethyl were also applied to some trap 

crops that were possibly still attractive to wee- 

vils after the aldicarb had lost its effectiveness. 

Pinhead square treatment.—In 1972 a single 

insecticide treatment of azinphosmethyl of 0.25 

Ib/acre was applied to all cotton in the eradica- 

tion and first buffer zones when the cotton was 

in the pinhead stage (June 1—21). This treat- 

ment was designed to kill any weevils that were 

not captured in traps or had not moved into the 

trap crop prior to the fruiting stage of cotton 

which would allow weevil reproduction. 

Sterile releases.—Laboratory-reared, male 

boll weevils, sterilized with the chemosterilant 

busulfan, were aerially released on fields in the 

eradication and first buffer zones to eliminate 

reproduction by any individuals that may have 

survived the preceding treatments. A genetic 

strain of the boll weevil characterized by ebony 

body color was used in order to distinguish sterile 

from native weevils. Releases at weekly inter- 

vals started in early June and continued until 

mid-August. Free aerial releases were made 

from fixed-wing aircraft with a modified version 

of the release machine developed to drop sterile 

TABLE 3.—Average number of boll weevil pheromone traps in service per 

week in the eradication and first buffer zones during each 

month of 1971, 1972, and 1973 

Eradication zone First buffer zone 
Month 

1971 1972 1973 1971 1972 1978 

[etd ciac's Souoolnulos eee 479 800 Stat 544 831 

el seek gue sewers 41] 631 “eae 503 809 

IN ies ois Be Rives s Meee 90 710 ithe 130 883 

IAT Pathe icm eee 6,071 1,559 (oes 5,886 2,590 

INES? > oeiom eee Re 6,283 2,700 6,852 4,587 

JUNE HHS Oe keels 5,721 2,831 6,532 4,670 

Uy octreoneee hae ae tales 1,695 2,841 LOR 1,956 4,538 

ENDED. 0 Gide aA een ame 118 594 1,405 57, 1,036 1,864 

Oe soe doe nee 528 1,228 544 1,567 

NOVA ne cee 469 1,236 473 1,864 

ID Eo! sono ae Se 482 633 505 892 
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pink bollworm moths.* Because of mechanical 

problems in the newly opened Robert T. Gast 

Rearing Laboratory at Mississippi State Uni- 

versity, a shortage of sterile males for release 

occurred throughout the season in 1972. Table 

4 shows the number of acres on which sterile re- 

leases were made and the average number of 

sterile males released each week in 1972. 

In-season control.—tIn view of the poor in- 

season control in 1971, the in-season control 

phase of the experiment in 1972 was carried out 

by the APHIS eradication experiment person- 

nel. All fields in the eradication and first buffer 

zones received five applications of azinphos- 

methyl] at the rate of 0.25 lb/acre, or toxaphene 

+ DDT + methyl] parathion at the rate of 2 lb 

+ 11]b-+ 0.5 lb/acre, or DDT + azinphosmethyl 

at the rate of 1 Ib + 0.25 Ib/acre. Both fixed- 

wing aircraft and ground equipment were used 

to apply the treatments. Ground equipment was 

used only for supplemental treatment in some 

fields, while in others it was necessary to use 

cround equipment exclusively in order to obtain 

adequate coverage with the insecticide. Table 5 

gives the application dates and the insecticide 

used on each application. 

Because of field size, topography, or obstruc- 

tions in the fields, there were 110 acres that were 

impossible to treat with aircraft or ground equip- 

ment in 1972. Through the cooperation of the 

Agricultural Stabilization and Conservation 

3 Higgins, Albert H. 1970. A machine for free aerial 

release of sterile pink bollworm moths. U.S. Dep. Agric., 

Agric. Res. Serv. [Rep.] ARS 81-40, 10 pp. 

Service (ASCS), we were allowed to purchase 

and destroy the cotton in these fields. Payment 

was based on the ASCS projected yield records 

and current cotton prices. 

Reproduction-diapause control.—Fall insecti- 

cide treatments for boll weevil reproduction- 
diapause control were initiated August 7 in the 
eradication and first buffer zones, August 21 in 

the second buffer zone, and September 7 in the 

third buffer zone. As in 1971, helicopters were 

used to apply the treatments in the eradication 

and first buffer zones and fixed-wing aircraft 

were used in the outer buffer zones. Ground 

equipment was also used for supplemental treat- 

ment in eradication and first buffer-zone fields 

that had obstructions or were otherwise too dif- 

ficult to treat with aircraft and obtain adequate 

insecticide coverage. Azinphosmethy], at the rate 

of 0.25 lb/acre, was applied as an ultra-low-vol- 

ume spray with the aircraft, and in a water mix- 

ture with the ground equipment. A total of 13 

applications were applied in the eradication and 

first buffer zones, 7 applications in the second 

buffer zone, and 4 applications in the third buf- 

fer zone. Applications were made on the same 

schedule as in 1971 and continued until frost on 

all cotton which had not been harvested and de- 

stroyed. Table 6 gives the application dates for 

each zone. 

Cultural control—defoliation and stalk de- 

struction.—Methods for defoliation were the 

same as described for 1971. In 1972, the crop 

matured approximately 1 month earlier than in 

1971, and defoliation was accomplished from 

September 1 to 29 as cotton in the various areas 

TABLE 4.—Number of acres in eradication and first buffer zones receiving 

sterile male boll weevils in 1972 and 1973, and average number 

of males released per acre 

1972 1973 
Week 
ee No. Avg. No. males No. Avg. No. males 

acres released /acre acres released/acre 

DR Tanen dh ctu atns 2,090 50 3,823 76 
TTS ee Spee re ON 2,961 5,516 70 
DO aed rear 3,856 3,038 68 

PT pe ALND 3,926 3,294 50 
Jul yp ee) stern: 1,625 3,786 74 

iD hy, Aaa aCe: 1,823 36 5,805 63 
TGA AE Ae, 1,104 100 2,777 52 

DAA ees ae sea ee 675 104 5,370 54 
RUT Ne UVa et Ue eas 896 124 5,074 57 

Soy Uont ae ts 6: ca ERS en 792 129 3,545 70 
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TABLE 5.—Insecticide used and inclusive application dates of in-season boll weevil control insecti- 

cide treatments in eradication and first buffer zones in 1972 

ie Zone 

icetees Eradication Ist_ buffer 
: Insecticide Date Insecticide Date 

iL Azinphosmethy] ........... Maly lOSOM vA zinphosmetinylysceacieed aie alate cie) sisiavotdee seule July 13-17. 
Oy Ty eet At loa Oa ao aio ms Bote Thal: WEG) roio'o 6. Jom rolstorin(elo) GibiGia badiste ololaididls Abid Gmc obia Delos warn uel July 19-22. 

Sy. Sela 0 016 CO)" ndoov ecole O15 60 July 22-24 .... Azinphosmethyl + Tox-DDT-MP ............... July 24-30. 

4 Mox=DDT=MPY farina. July 29-30 .... Tox-DDT-MP + DDT + azinphosmethyl ....... July 30-Aug. 2. 

5 DDT + azinphosmethyl . Aug. 1-3 .... DDT + azinphosmethyl ........................ Aug. 3-8. 

1 All Tox-DDT-MP and DDT applied for bollworm control. 

reached the proper stage. 

In 1972 cotton harvest was completed earlier 

and stalk destruction prior to frost was accom- 

plished on 6,300 of a potential 6,811 acres. 

1973 

Pheromone traps.—Boll weevil traps were 

used in the same manner as in 1972 except that 

the number in service was cut to approximately 

one per acre. This was done because a longer- 

lasting formulation of grandlure was being used. 

Traps were in service at the one-per-acre rate 

from mid-April to early August. Table 3 gives the 

average number of traps in service per week in 

the eradication and first buffer zone during each 

month. Traps were also operated on approxi- 

mately 600 acres in the northern portion of the 

second buffer zone. 

Trap crop.—In 1973 the trap crops were 

planted by essentially the same methods as in 

1972 except that we were able to avoid certain 

mistakes made in 1972, such as planting too deep, 

using a fertilizer of too high a nitrogen content, 

and placing the fertilizer too close to the seed. 

Also, cottonseed of the farmer’s variety of 

‘Stoneville 213’ was used, since many producers 

were not satisfied with the picking qualities of 

‘Qua-Paw’ in 1972. Grandlure bait stations were 

located at 100-ft intervals the entire length of 

the trap crop. 

Pinhead square treatment.—In 1973 a pinhead 

square treatment was applied to cotton only in 

those fields where two or more weevils per acre 

had been captured in traps by the time pinhead 

squares developed. This only occurred in 18 fields 

in the experiment. 

Sterile releases.—Many of the rearing prob- 

lems that existed in 1972 were solved, and 

throughout the 1973 season, sufficient numbers 

of sterile weevils were available for release in 

the eradication zone and a 5-mi buffer sur- 

rounding the eradication zone. An average of 

50 to 76 sterile male weevils were released per 

TABLE 6.—I/nclusive application dates of reproduction-diapause boll weevil control treatments ap- 

plied in the boll weevil eradication experiment area in 1972 

Application Zone 

no. Eradication [st buffer 2d buffer 3d_ buffer 

1 PANT CR ANOS IION Seated aneessl sl DNS TEND ae So edict ote PaXiUheds, A ks o}slin piste aio cic ca Sept. 7-10 

2 TRS eed va ne om uel tos nen Series (al aga om a 19-21 
3 NSEROL epee eee 7a ee he TOM TAA nee eet, Oenomns 
4 DOE) an Gs tows ainiogole Ovi covode ome bce STA ih oasis eee ae 16-20 

5 CY ORTON Be eieetbe pleat ONO OM an eke Gy SURES AL END acl AR AROMA, SR 
6 Sept. Se eae nec cacuictisns len eiaeliais Sept. Se Urea ree Hah saedenenetet DUCES) ee Me teers a) eae eoas 

| TTL iene aa ae TET ey Oe ie Re mere Och SOSNovaiilarie re sismele eine 

8 TSAO) t's eetetichg eed secre ISO) c'a:s'6 o.o. me pa Blood UNH! Leaner RnOigiid  obomobeog: ir Ieeenineie 

9 DQUORMR EE NAR UAEE ONG. ceric ced enc 4 SAARC NE MED eee Ne La 
10 Oct. Tibet RU iat ere a Oyo Re AS ES WN Gee bia of Gem Staea oh all Win UGS ein ah See CN eS ema Meee eee 

sl HO UA se FISETIG te wath 5 olde NP ne Ot Seen ma ET 
12 Oyete CO INOW UE Geadosionide Oyeles SON OK yi Dk Sah e oreaitog ths i ae aN Ao a Oe ho Oo ao un Ny ecrcienca 

13 INGAAS OES eels Solio 68 diet INOW Aes O LUE yee ne ne Manse ga nN) ce eau: Naber i@oncnaitelisal Ni iily © hi earamtnoe 



acre per week from June 4 to August 10. Table 4 

gives the number of acres and the average num- 

ber of sterile males released per acre in 1973. 

In-season control.—Initial criteria for in-sea- 

son control treatments in the eradication zone 

in 1973 required treatment if (1) a total of at 

least two boll weevils per acre were captured in 

traps from beginning of trapping to the find- 

ing of two widely separated oviposition-dam- 

aged squares or, (2) if three or more oviposi- 

tion-damaged squares were found (regardless 

of trap data). It was soon determined that some 

squares appearing to have oviposition damage 

did not, and that sterile eggs were being de- 

posited by native females as well as by the few 

sterile females (1%-—2%) that were being re- 

leased with the sterile males. In view of this, 

treatments were applied only in fields where, 

though the use of field survey, square dissec- 

tion, and egg hatch data, it was determined that 

a native boll weevil infestation existed. Where 

the infestation could be delimited to a small, 

localized spot in the field, only spot treatment ~ 

was made. The first buffer-zone treatment was 

made to fields where an infestation was found 

and appeared to have the potential for rapid 

buildup. In the eradication zone, pesticides 

were applied with ground equipment except 

when the fields were too wet, in which event 

aircraft was used. Depending upon the type of 

field, obstructions, etec., both ground equipment 

and aircraft were used in the first buffer zone. 

Azinphosmethy] at 0.25 lb/acre was applied at 

5-day intervals. Table 7 gives the number of 

fields, acres, and treatment dates. In 1973, 740 

acres in the northern portion of the second 

buffer also received two aerial treatments of 

azinphosmethyl from July 16 to 24 to prevent 

population buildup which would threaten the 

test with migrating boll weevils. 

EVALUATION 
The PBWEE was evaluated as follows: 

1. An intensive visual insect survey was made 

during each week of the cotton-growing season. 

In the eradication and first buffer zones, an 

infestation survey was made in each field each 

week if rain or insecticide application did not 

prevent. In the eradication and first buffer 

zones, an infestation survey was made in all 

fields of 10 acres or less. In fields over 10 acres 

surveys were made for each 10-acre increment. 

In the second and third buffer zones, infestation 

surveys were made on a per-field basis, and 

population estimates were made by scouting a 

representative number of fields each week. 

Prior to squaring of the cotton, row counts for 

live adult boll weevils were made by examining 

50 ft at each of five spots in the trap crop, and 

50 ft of farmer cotton. During the squaring 

period surveys were made by examining cotton 

squares in a diagonal route across the field, 

and the level of infestation was determined as 

percent oviposition-damaged squares. During 

1971 and up to the week of June 19, 1972, 100 

squares per field were examined, after which 

time 200 squares per field were examined. In 

1973 at least 300 squares per field were ex- 

amined. In 1973, if a square was found that con- 

TABLE 7.—Number of fields and acres treated with insecticide during in- 

dicated weeks in eradication and first buffer zones in 1973 

Zone 

wer Eradication Ist buffer 

ae No. fields No. acres No. fields No. acres 

UIT Ga Gig es easton reciente Realities eral ees @) 0) 1 6 

HGS recs it 3a MT gee a 0 0 1 5 
BA) Rh ie bec Soe NANT Ses cs 10 74 8 50 
Sr eee mh Re ae SAIN 8 3 Len 16 80 31 245 

Vialiyse ee retain rien es 2 10 5 23 

LSTA te eee teen et are ela a 2 5 53 451 

SG iia ieee sens cee: a eee SE LS) 68 Al 348 

Dt ee anne aati aan tee tC a 30 142 26 209 

VAs IME Aaine monit ele rine ey 5 o SABRE 165 39 291 
bo arent Cet GtECH aie eRenctn ae vy ie ESS 18 87 Breve 

1 All treatments applied prior to the week of July 11 were based on trap catch or suspect 
oviposition-damaged squares. After this date they were based on native boll weevil infestations. 
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tained a viable egg or an immature boll weevil 

form, surveys were immediately intensified in 

that particular field to determine the degree of 

infestation and whether it was localized or 

general. As squaring of the cotton began to 

terminate, surveys were made by “shagging” 

the adult weevils from 25 ft of cotton row at 

each of four spots to determine the estimated 

number of adults per acre. Surveys at all times 

during the season were oriented to the largest, 

greenest cotton in the field, which was more 

attractive to boll weevils. This caused the popu- 

lation estimates to be biased in favor of detect- 

ing an infestation. 

2. Ground trash from potential hibernation 

sites around the fields was collected and ex- 

amined in the fall and spring of each year to 

determine the approximate number of boll wee- 

vils per acre that had survived the winter. 

3. Grandlure-baited pheromone traps were 

used to detect possible low-level boll weevil in- 

festations and “hot spots,” in addition to being 

used for population suppression. 

4. In addition to manual visual surveys, 

tractor-mounted insect collecting machines were 

used to make intensive boll weevil surveys in 

25 fields in the eradication and first buffer 

zones in 19738. 

5. In 1978 all cotton squares showing pos- 

sible boll weevil oviposition damage were col- 

lected from the field and brought into the lab- 

oratory where the squares were dissected and 

examined for the presence of any boll weevil 

eggs or immature forms. All eggs were held to 

determine hatch, and all immature forms were 

held for adult development. The results ob- 

tained enabled the determination of active boll 

weevil infestations and an evaluation of the ef- 

fectiveness of the sterile male releases. 

6. In-field traps were placed in 4 fields in 

each of the eradication and first buffer zones 

as an additional method of evaluating the ef- 

fectiveness of the insecticide treatments and 

sterile-male releases in eliminating low-level 

populations. 

4 Lloyd, E. P. 1973. Intensive sampling in eradication 

and first buffer areas, Pilot Boll Weevil Eradication Ex- 

periment, 1973. Special Report, Boll Weevil Research 

Laboratory, Agricultural Research Service, Mississippi 

State, Miss. Mimeo. 11 pp. 
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ACTIVITIES OF THE MISSISSIPPI COOPERATIVE 

EX’TENSION SERVICE IN THE PILOT BOLL WEEVIL 

ERADICATION EXPERIMENT, 1971-73 

By David F. Young, Jr. 

The Mississippi Cooperative Extension Serv- 

ice (MCES) first became involved in the Pilot 

Boll Weevil Eradication Experiment (PBWEE) 

when Robert Coker asked me to serve on the 

National Cotton Council’s Special Study Com- 

mittee on Boll Weevil Eradication in early 1969. 

After that assignment, I was asked to serve on 

the Technical Guidance Committee for a 

PBWEE in south Mississippi, Louisiana, and 

Alabama, and also asked to serve on the Techni- 

cal Subcommittee to develop the overall plan for 

boll weevil eradication. 

Later in 1969, the Boll Weevil Eradication 

Study Committee decided that it might be pos- 

sible to eradicate the boll weevil with currently 

known techniques. That decision having been 

reached, it became.necessary to select a suitable 

location for the experiment. The MCES made 

a survey of 37 southern counties to determine 

whether the area could serve as a site for the 

eradication effort. Within this area, we had 

typical farm conditions, with high and hard-to- 

control boll weevil populations, plus isolation to 

the south. We felt that if the boll weevil could be 

eradicated in this area, eradication would be 

possible in any other part of the Cotton Belt. 

We found that within a 75-mi radius, using 

a point in Marion County near the Louisiana line 

as the center, there were 38,555 acres of cotton 

planted in 1968 on 7,764 farms. Using a 100-mi 

radius, we found that the acreage increased to 

60,3389 acres and was grown on 10,116 farms. 

By shifting the center of the core area to any 

other given point—to Prentiss, Miss., for ex- 

ample—the acreage varied considerably. When 

the Site Selection Committee visited Mississippi 

in late 1969 and was presented this information 

and other data, it decided that Mississippi met 

all the criteria for the eradication experiment, 

and the southern part of Mississippi and parts 

of Louisiana and Alabama were thus designated 

as the site within which the experiment would 

1 Leader, Extension Entomology, Mississippi Coopera- 

tive Extension Service, Mississippi State, Miss. 39762. 
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be conducted. 

It was not possible in 1970 to obtain the neces- 

sary funds to begin the large-scale PBWEE, but 

funds were available to begin preliminary test- 

ing of some of the techniques to be used. A small- 

scale test was carried out and it served to identify | 

some of the problems peculiar to this particular 

area. Also included in this trial were several 
combinations of population suppression tech- 

niques which were used later in the course of 

the large PBWEE. 

The Special Boll Weevil Committee met early 

in 1971 in Atlanta and decided to delay for one 

year the large-scale south Mississippi PBWEE 

because of insufficient funds. Following this 

meeting, we in Mississippi realized that the cot- 

ton acreage to be planted in 1971 was going to 

be considerably less than it had been in the 

previous year. This was so because of the cotton 

program, new at that time, in which many small 

producers were either leasing or selling their 

allotments to farmers in the Mississippi Delta. 

Having realized that this change was taking 

place, we again contacted the county agents for 

information regarding cotton acreage to be 

planted within the area. When the Technical 

Guidance Committee for the PBWEE met at 

Mississippi State on March 18, 1971, it was de- 

termined that approximately 25,500 acres of cot- 

ton were to be planted within the area in a 75-mi 

radius zone. The drastic reduction in cotton acre- 

age—approximately 50%—made it feasible to 

conduct the experiment in 1971 with the $2 mil- 

lion then committed. 

The Extension Service’s training for the coun- 

ty agents in the south Mississippi area, however, 

began in 1970, when it was decided that an area 

consisting of 11 counties would be in a small 

boll weevil suppression program that year. 

Within these counties were 431 cotton producers 

growing 4,400 acres of cotton. We initially called 

all of our county agents together to fully explain 

the program. We also requested members of 

the operations, research, and regulatory groups 



to meet with us to discuss all aspects of the pro- 
gram. 

During 1970, our principal activities were to 

get the farmers affected by the program to agree 

upon the diapause applications to be used on 

their farms. They were also urged to do as much 

stalk destruction as possible and to comply with 

the program generally. We knew we needed 

100% cooperation in this program for it to be 

a success. A compliance form was adopted for 

all of the farmers to sign. The county agents; 

district entomologists for the Division of Plant 

Industry, Mississippi Department of Agricul- 

ture and Commerce; and members of the opera- 

tions group delivered the forms to the farmers. 

This took a great deal of legwork, but it was 

very successful. I might add that in 1971, prior 

to beginning the large experiment, the signing 

of compliance forms was abandoned when the 

Division of Plant Industry decided to give pub- 

lic notice in regard to the program. This legal 

move was very helpful to everyone. 

It was also necessary to enroll the county 

agents to help locate all the cotton fields in the 

counties where the program was being develop- 

ed. 

It should also be pointed out that in early 

1970, the Extension Service was very much in- 

volved in securing funds for the Boll Weevil 

Rearing Facility at Mississippi State. We re- 

quested $350,000 from the 1970 legislature, and 

requested an additional $170,000 for the struc- 

ture in 1971. 

In preparation for the PBWEE we gave the 

agents in the subject area considerable train- 

ing in cotton insect control, fertilization, the use 

of herbicides, defoliation and other techniques 

to bring them up to date on good agronomic 

practices. It should be kept in mind that this 

program was carried on in an area where cotton 

was gradually fading out as the major income 

crop, and that our agents therefore needed re- 

fresher courses in cotton production. 

Following agent training, we located the 

eradication area boundaries for the agents. In 

some cases, the boundary of the eradication area 

split counties, and we suggest that this not be 

done in future eradication programs because of 

the problems it creates for the county agents. 

The farmers in split counties did not understand 

why one side of the county was involved in an 

eradication experiment while the other side was 

not. This created some ill-will which was diffi- 

cult to overcome. 

We also acquainted the agents with quaran- 

tine measures involving cotton’s being brought 

into the area for ginning and then taken back 

outside the area. A great deal of prepared in- 

formation and written data were given to the 

agents outlining all the steps in the program 

and giving answers to many of their questions. 

We also supplied them with a list of personnel 

working with the various agencies. Finally, we 

prepared publicity for the agent’s use. 

We set the following goals for the county 

agents: (1) Cotton producers were to improve 

their skills in the use of improved cotton-pro- 

duction practices. It was our goal to get the 

best possible in-season insect-control program 

carried out in both core and buffer areas. 

(2) Core area cotton producers were to under- 

stand the nature and the importance of the 

PBWEE, and cooperate with it. They were also 

to increase their net income from cotton. 

To accomplish these major objectives, it was 

necessary for the county agents to discuss the 

program with key leadership figures such as 

ginners, seed fertilizer dealers, vocational-agri- 

culture instructors, the coordinating council, co- 

op managers, and key farmers within their area. 

In establishing the county committees, it was 

important to get the right men on the right 

committees and to have all major areas of cot- 

ton production represented by cotton producers. 

The objectives of the county cotton production 

committee were to (1) review and understand 

the PBWEE, (2) review, develop, or approve 

plans for implementing the program, (3) help 

carry out the program by actively supporting 

it, and willingly assume certain responsibilities 

for carrying out the program when requested, 

(4) set up subcommittees to deal with and make 

recommendations concerning problems in the 

county, (5) help select and approve necessary 

subcommittees, which were to have basically the 

same responsibility as the county committee, but 

on a community basis, (6) be concerned with 

evaluation and make adjustments when needed, 

(7) alert all cotton producers of the program 

and get 100% participation (it would only take 

one man to create a problem in the area), 

(8) help monitor the effects of the program on 

nontarget animals and insects, such as honey- 

bees, quail, fish, etc., and if abnormal animal 
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mortalities or behavior occurred, to contact the 

Department of Wildlife and Fisheries through 

Farrell Boyd, U.S. Department of Agriculture, 

or H. C. Mitchell with the MCES. 

After the agents organized the counties, they 

did everything they could possibly do to moti- 

vate the farmers in uniting their efforts to con- 

trol the boll weevil during the growing season. 

Our principal goal was to establish the best in- 

season control program possible within the area. 

In 1971, there were 23,500 acres of cotton plant- 

ed within the experimental area. The average 

size of a farm was about 714 acres, so we were 

obviously dealing with very small producers for 

the most part, though we did have a iumber of 

large and very capable cotton producers within 

the area. Many of the producers could not afford 

to buy modern pesticide equipment for appli- 

cations. We estimated in 1971 that about 25% 

of the farmers in the area carried out a good 

program, 25% a fair program, and the remain- 

der from a poor program to no program at all. 

Many of the small cotton producers within the 

area only planted cotton for the Government 

payments they received. Much of the cotton was 

simply planted and abandoned. 

Mississippi Cooperative Extension Service 

personnel organized monthly progress meetings 

at Prentiss Eradication Headquarters in Pren- 

tiss, Miss. Representatives from Federal and 

State organizations involved in the experiment 

used these meetings to discuss progress or prob- 

lems. These were key meetings which helped 

insure a close working relationship between the 

15 agencies involved. Extension personnel also 

established work sessions for work-unit super- 

visors and county agents to give them the op- 

portunity to discuss eradication problems. These 

sessions were held bimonthly, or as needed dur- 

ing the cotton-growing season. 

Extension educational channels were also used 

to minimize the theft of boll weevil traps placed 

in the fields at the start of the program. 

On July 1, 1971, H. C. Mitchell was hired 

and placed in the area as Extension entomologist 

to carry out the MCES’s activities along with 

the county agents. Mitchell served as liaison 

between the various agricultural agencies in- 

volved in the program, and in many cases served 

as a troubleshooter when we found a farmer 

who was unwilling to carry out certain parts of 

the program. Mitchell was one of the real keys 
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to the success of the eradication program. His 

experience in working with farmers and ability 
to get people to work together was appreciated 

by everyone. In a beltiwide program, it will be 

absolutely necessary to have an experienced Ex- 

tension entomologist in each State to devote his 

entire time to the program. It is important that 

he begin organizing before the eradication pro- 

gram moves into the State. 

Several methods were used to inform cotton 

producers of the experiment and the ways in 

which they would benefit from it. Countywide 

producer meetings, community meetings, indi- 

vidual contacts, radio, television, and news-— 
papers were used to spread information con- 

cerning the experiment. Weekly weevil-eradica- 

tion newsletters prepared by the Extension 

Service entomologists and mailed by the county 

agents helped to keep cotton producers informed 

of current developments. Boll weevil infestation 

counts were obtained through the operations of- 

fice each week and mailed to producers via the 

county agents. This was extremely helpful to 

farmers within the area since they were able 

to use the scouts’ reports in determining when 

to apply insecticides for control. Overall, 64 

different newsletters were prepared and mailed 

to the farmers, amounting to 97,000 individual 

letters. 

As the experiment progressed, the boll weevil 

eradication film and slide sets were widely used 

for the promotion and explanation of the eradi- 

cation program. These educational means were 

continually used to supplement the news media 

in keeping producers and the general public in- 

formed. A continuous flow of news and informa- 

tion about the experiment thus went to both 

the producers and the public. If problems arose, 

Extension personnel assisted first in identifying 

them, and then in finding a solution to them. 

We gained a great deal of valuable experience 

in dealing with cotton producers in the PBWEE, 

and we feel that this knowledge will be of great 

value in future beltwide programs. 

Optimism is high among our cotton producers 

in regard to the success of the program. Yields 

were increased on many, many farms, especially 

on those farms where very little insect control 

was ever carried out by the producer. We are 

convinced the boll weevil can be eliminated as 

an economic pest and will continue to support 

the beltwide program every way possible. 



REGULATORY ACTIVITIES CARRIED ON UNDER THE 

PILOT BOLL WEEVIL ERADICATION EXPERIMENT, 

1971-73 

By O. T. Guice, Jr.! 

The regulatory activities connected with the 

Pilot Boll Weevil Eradication Experiment 

(PBWEE) were relatively minor as compared 

to an all-out attempt to eradicate the boll weevil. 

In connection with the PBWEE, which cov- 

ered all or parts of 33 counties in Mississippi, 

parts of 2 counties in Alabama, and parts or all 

of some 7 parishes in Louisiana, the Division of 

Plant Industry, Mississippi Department of Agri- 

culture and Commerce, with Division head- 

quarters at Mississippi State, Miss., adopted a 

boll weevil quarantine on July 1, 1971. The 

quarantine had several purposes which were es- 

sential to demonstrating eradication of the boll 

weevil in the eradication or core area of the 

experiment. One purpose was to prevent the 

growing of noncommercial plantings of cotton, 

such as cotton planted in flowerbeds around 

homes and service stations for ornamental pur- 

poses. Such cotton was destroyed on several oc- 

casions, one or two of which caused slight prob- 

lems. Seeing to the destruction of such cotton 

can be a very delicate matter. Very fortunately, 

however, we were able to see that all such cotton 

was destroyed. 

Another purpose of the quarantine was to 

establish regulated articles or products which 

might be responsible for accidental movement 

of the boll weevil in any living stage of develop- 

ment into the eradication area from the buffer 

area and other regulated areas outside the eradi- 

cation area. Regulated articles or products in- 

cluded (1) the boll weevil in any living stage 

of development, except sterile releases, (2) seed 

cotton, (8) gin trash, (4) mechanical harvest- 

ing equipment, and (5) any other products, ar- 

1 Director, Division of Plant Industry, Mississippi De- 

partment of Agriculture and Commerce, Mississippi 

State, Miss. 39762. 

ticles, or means of conveyance of any character 

whatsoever not covered by the previously men- 

tioned, which might present a hazard of spread 

into the eradication area. 

On February 28, 1972, the quarantine was 

amended to establish an optimum planting date 

of April 15 in the eradication and first buffer 

areas, before which no cotton could be planted 

by farmers. This change was made to allow the 

planting of trap-crop rows of cotton 1 to 2 weeks 

before the regular crop was planted. Excellent 

publicity was given to this phase and all other 

phases of the program by the Mississippi Co- 

operative Extension Service, the U.S. Depart- 

ment of Agriculture, the Division of Plant In- 

dustry, and other cooperating agencies, by 

means of varied news media, including news- 

papers, radio, television, and numerous letters 

sent through county agents to every cotton pro- 

ducer. Talks were also made at various agricul- 

tural clubs, at the Farm Bureau in various coun- 

ties, at meetings of ginners, civic organizations, 

bankers, and others concerning the program and 

the quarantine. 

Results were most gratifying, and except for 

possibly less than one-half dozen cases involving 

relatively minor instances, quarantine and regu- 

latory problems were fewer than in perhaps any 

quarantine program with which I have been as- 

sociated in some 35 years in dealing with regula- 

tory matters. In only one case did we have to go 

to the point of notifying a producer that an in- 

junction would be served to prevent his inter- 

ference with the program. This resulted largely 

from the fact that he did not fully understand 

the goals of the program, and after they were 

fully explained to him we did not have to ask 

the court to serve the injunction. 

It is my belief that the PBWEE, in a large 
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measure, demonstrated that the boll weevil can 

be eradicated. When an all-out boll weevil eradi- 

cation program is started, there will no doubt be 

some refinements and improvements in the tech- 

niques used in the PBWEE which will make 

eradication more practical and less expensive. 

Some of these include improvement in rearing 

techniques, a method of determining when eradi- 

cation has been accomplished, and sterilization 

procedures which may eliminate sexing, which 

has been quite costly. The cotton industry, which 

put so much effort and money into the PBWEE, 

will need to continue its efforts with the full 

realization that the industry will have to carry 

a good part of the expense for the eradication 

program. 

Government will nonetheless have consider- 

able responsibilities in any future eradication 

efforts, especially when such programs extend 

across a number of State boundaries. Such an 

effort will surely demand careful and effective 

regulation. In progressing into a multi-State 

eradication program, there are a few things 

which must be incorporated into regulations 

backed by fully enforceable laws. Some of these 

are as follows: (1) There cannot be any com- 

promise as to whether or not a cotton producer 

will or will not participate in an eradication 

program. Compulsory 100% participation is an 

absolute necessity in a boll weevil eradication 

program. (2) Elimination of injunctive proce- 

dures should be included in any regulation and 

backed up by appropriate legislation, since any 

injunctive procedure may delay necessary treat- 

ments and thereby make eradication impossible 

or seriously jeopardize an eradication program. 

Such legislation may go all the way back to the 

basic rights of an individual under the Consti- 

tution. (3) Provisions for establishing of eradi- 

cation zones would be necessary. (4) Right of 

access and entry to any property in an eradica- 

tion zone to see that appropriate eradication 
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measures are carried out on all cotton on a 100% 

basis is necessary. Such measures may include 

the following: (a) establishment of optimum 

planting dates, (b) trap crop plantings, 

(c) pheromone traps and bait stations, (d) ster- 

ile boll weevil releases, (e) pinhead square treat- 

ment, (f) in-season control, (g) fall reproduc- 

tion-diapause treatments, (h) crop termination 

dates, (i) stalk destruction dates, and (j) other 

measures which may later prove effective. 

(5) Authority to prohibit noncommercial grow- 

ing of cotton in eradication zones, such as the 

planting of cotton in flowerbeds or its growth 

for other ornamental purposes. (6) Authority 

to regulate the movement of seed cotton, gin 

trash, mechanical harvesting equipment, or any 

other articles which might move boll weevils 

into the eradication zone, or move weevils from 

one part of the zone to the other. (7) Authority 

to allow destruction or treatment of volunteer 

cotton and to eliminate boll weevil host plants 

in an eradication zone. (8) Authority to make 

mandatory the reporting of all cotton acreage 

being grown. (9) Authority to make mandatory 

the growing of cotton in a workmanlike man- 

ner, including practices necessary to give maxi- 

mum yields, such as weed control and proper 

boll weevil control. (10) Authority to purchase 

limited acreage of cotton which, because of field 

size, barriers, economics, etc., could not be prop- 

erly treated to insure success of an eradication 

program. (11) Authority to prohibit unautho- 

rized persons and livestock from entering cot- 

tonfields during certain eradication program 

operations. 

U.S. Senate Bill 517, passed by the first ses- 

sion of the 98d Congress, amending the Agri- 

cultural Act of 1970, would seem to give the 

Secretary of Agriculture authority to incorpo- 

rate the control measures listed above into regu- 

lations, presumably in the form of a Federal 

quarantine. 



BOLL WEEVIL POPULATION LEVELS DURING THE 

IN-SEASON AND REPRODUCTION-DIAPAUSE CONTROL 

PHASES OF THE PILOT BOLL WEEVIL ERADICATION 

EXPERIMENT 

By F. J. Boyd? 

1971 
It was estimated that approximately 50% of 

the cotton in the Pilot Boll Weevil Eradication 

Experiment (PBWEE) area did not receive any 

in-season boll weevil control insecticide treat- 

ments in 1971. Lack of boll weevil control on this 

much of the acreage allowed a rather high in- 

festation to develop. During early July the per- 

centage of squares with boll weevil oviposition 

damage ranged from 22.8% in the first buffer 

zone to 56.7% in the third buffer zone (fig. 1). 

Throughout the squaring period, the percentage 

of oviposition-damaged squares generally ran 

lower in the first buffer zone, and in the eradi- 

cation zone was as high or higher than that in 

the other zones. The majority of the cotton in 

the first buffer zone was considered to have 

received more in-season control, while the ma- 

jority of the cotton in the eradication zone prob- 

ably received less in-season control than either 

of the other zones. Reduction in the square in- 

festation as a result of the malathion treatments 

for reproduction-diapause control (initiated 

August 9 in the eradication and first buffer 

zones, and September 1 in the second and third 

buffer zones) was gradual since continuous adult 

emergence occurred from the large number of 

eggs deposited in squares and bolls during July. 

As squaring of the cotton began to terminate, 

live adult weevil surveys were made beginning 

with the week of September 1 in the eradication 

and first buffer zones, and the week of Septem- 

ber 27 in the second and third buffer zones. 

1 Entomologist, Animal and Plant Health Inspection 

Service, U.S. Department of Agriculture, Prentiss, Miss. 

39474, 

When these surveys began, adults averaged 

1,700 per acre in the eradication zone, 1,540 in 

the first buffer zone, 587 in the second buffer 

zone, and 2,720 in the third buffer zone (fig. 2). 

The last population survey of the season, made 

the week of November 11 just prior to the first 

frost, showed that the malathion treatments and 

defoliation of the cotton had reduced the aver- 

age number of adults per acre to 142 in the 

eradication zone, 108 in the first buffer zone, 

16_in the second buffer, and 325 in the third 

buffer. 

Following the first frost, ground-trash sam- 

ples were collected from November 15-30. The 

number of diapausing boll weevils in ground 

; trash ranged from a low of 180 per acre in the 
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FIGURE 2.—Estimated number of adult boll weevils per 
acre in the zones of the Pilot Boll Weevil Eradication 
Experiment in 1971. 

eradication zone to a high of 1,492 per acre in 
the adjoining untreated area outside the experi- 
mental area (table 1). The spring ground-trash 
samples for overwintered boll weevils were col- 
lected March 1-15. The overwintered popula- 
tion ranged from a low of 215 per acre in the 
first buffer zone to a high of 778 per acre in 
the adjoining untreated area. This data indi- 
cated that only very low weevil mortality oc- 
curred during the winter. 

The importance of stalk destruction was em- 
phasized when boll weevils were discovered 
overwintering in dried bolls which remained on 
undestroyed cotton stalks during the winter of 
1971-72. Dried boll dissections on January 20, 
February 12, and February 28, 1972, showed 
27, 44, and 33 adults per acre overwintering in 

dried bolls in the eradication zone, and 44, 22, 

and 0 adults per acre overwintering in the first 
buffer zone, respectively. 

1972 
During late May and early June of 1972, the 

adult boll weevil population found in trap crops 
ranged from 25 to 40 per acre in the eradication 
zone. However, these populations were not rep- 
resentative of the total acreage of cotton since 
the trap crops are designed to aggregate boll 
weev!'s in a localized area of the field. 

Starting with the week of June 14, square 
counts were made to determine the infestation 
level. By the last week in June, 74% of the 
farmer cottonfields in the eradication zone were 
infested with an average of 8% oviposition dam- 
age (fig. 3). This low-level, but general, infesta- 
tion indicated that populations of boll weevils 
of possibly 10 to 20 per acre had survived all 
suppression measures of the preceding fall and 
spring. It was felt that this was caused by sev- 
eral factors which included: (1) An inadequate 

in-season control program during 1971 had re- 

sulted in high populations of boll weevils in the 
fields when the scheduled reproduction-diapause 
treatments started. These populations were so 
high that even control at 95 % plus allowed many 
weevils to attain diapause during the treatment 
period. It is also possible that considerable num- 
bers entered diapause in late summer prior to 
the initiation of treatment. (2) Because many 

fields were difficult to treat by aircraft, 

pesticide applications had not been completely 
efficient. 

Accordingly, it was decided that program 
personnel would apply the in-season control 

necessary to keep boll weevils below economical- 

ly damaging levels in the eradication and first 

buffer zones in 1972. These treatments were 

initiated July 10 and continued until the sched- 

TABLE 1.—Results of ground-trash samples collected in the Pilot Boll Weevil Eradication Experi- 
ment areain 1971, 1972, and 1973 

Trash sampled (yd?) 
Avg. No. diapausing boll 

7 weevils/acre 

nee 1971 1972 1973 1971 1972 1973 

(fall) Spring Fall (spring ) (fall) Spring Fall (spring ) 

Eradication: cg) ocak ee 600 539 600 565 130 895 0 0 

Rstibutters eet ae ba eae 520 517 580 580 235 215 0 0 

Ddnbuttersvaceier eee OT 310 140 0 629 484 380 

Ryolioybhaqa cise ean asco soo e acon SN) 210 135 0) 301 392 143 oes 
Uintreatedtareaiccimn scare 290 230 150 110 1,492 778 645 440 
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tion Experiment in 1972. 

uled reproduction-diapause treatments started 

on August 7. Fields were also classified as to re- 

quirements for supplemental ground-equipment 

treatments, which were applied on the same 

schedule as the aerial treatments. 

The in-season control treatments of azinphos- 

methyl (at 0.25 lb/acre) or toxaphene + DDT 

+ methyl parathion (at 2 lb + 1 lb + 0.5 Ib/ 

acre) caused a continuous reduction in the per- 

centage of oviposition-damaged squares, and by 

the week of August 30, boll weevil oviposition 

damage in the eradication zone was down to 

Oa Go. (aiailegs Bi) Vi 

In the first buffer zone the average number 

of adults found in trap crops in late May and 

early June ranged from 10 to 15 per acre. Ovi- 

position-damaged squares in farmer cotton 

ranged from 1.3% to 8.1% in June, July, and 

August (fig. 3). Infestation levels in the first 

buffer zone were slightly lower in the early part 

of the season, and slightly higher in the latter 

part, as compared to infestation levels in the 

eradication zone. 

For the weeks of July 12 through August 30, 

infested squares in the second and third buffer 

zones ranged from 15% to 36%. The infestation 

in the third buffer was slightly lower than that 

in the second buffer throughout the squaring 

period (fig. 3). 

As the cotton began to terminate in early 

September, live adult weevil surveys were used 

to measure the population levels. From early 

September to mid-October the population in the 

eradication zone fluctuated from 1 to 13 adults 

per acre (fig. 4). The week of October 18 no 

adults were detected in field surveys, and the 

population remained at zero or a nondetectable 

level throughout the remainder of the season. 

The adult population in the first buffer zone 

generally followed the same trend as that in 

the eradication zone, but was an average of 2.4 

times higher. By early November the population 

had reached a nondetectable level. 

Although the percentage of boll weevil ovi- 

position-damaged squares ran higher in the 

second buffer zone, the adult population was 

considerably lower than in the third buffer zone. 

In the second buffer zone the average number 

of adults ranged from a high of 513 per acre 

in the week of September 27 to a low of 43 per 

acre in the week of November 8. The population 

in the third buffer zone ranged from a high of 

955 adults per acre in the week of September 13 

to a low of 108 adults per acre in the week of 

October 25. 

In comparing boll weevil infestation data col- 

lected in 1971 and 1972, it is apparent that re- 

production-diapause treatments must be pre- 

ceded by a good in-season boll weevil control 

program if the population is to be reduced to a 

very low level, and if the most effective opera- 

tion from the other suppression measures is to 

be obtained. This is shown by the fact that in 

1972 boll weevil oviposition-damaged squares in 

the eradication zone were 90% fewer than in 

1971, and the average number of adults per acre 

was 99.6% fewer. It should be noted, however, 

that reproduction-diapause treatments alone 

considerably reduce the population. In the second 
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Experiment in 1972. 
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buffer zone, which received seven insecticide 
treatments in the fall, the adult population was 
an average of 75% smaller than in 1971, and in 
the third buffer zone, which received only four 
insecticide treatments in the fall, the adult popu- 
lation was an average of 55 % smaller. These 
results show that the diapause program in 1971 
resulted in a considerable reduction in the popu- 
lation pressure in 1972, but with the population 
size that existed in 1971, diapause control with- 
out in-season control allowed a sizable weevil 
population to attain diapause and overwinter. 

Ground-trash samples collected in the fall of 
1972 revealed no boll weevils in trash in the 
eradication or first buffer zones, as compared 
to 180 and 235 weevils per acre respectively, in 
1971 (table 1). An average of 380 per acre was 
found in the second buffer zone, 143 per acre in 
the third buffer zone, and 645 per acre in the 
untreated area outside the experimental area. 
Spring ground-trash samples still detected no 
weevils in the eradication and first buffer zones 
as compared to an average of 440 per acre in 
the outside untreated area. Samples were not 
collected in the second or third buffer zones in 
the spring of 1973. The results of the fall and 
spring trash samples in the eradication and first 
buffer zones reinforced the survey results, which 
showed that the population had been reduced 
to an extremely low level. 

1973 
Table 2 gives the number of native and sterile 

adult boll weevils found in visual surveys in the 
eradication zone in 1973, as well as the number 
of fields they were found in. From May 7 through 
August 10, nine native adults were found in 
nine trap crops, with seven weevils found in 
June. In farmer cotton 19 native adults were 

TABLE 2.—Number of live adult boll weevils 
found in cotton in the eradication zone from 
May 7 through August 10, 1973 

Crop and No. No. fields with 
weevil type adults found adults found! 

Trap crop: 

Natives kaos aamencnee ee fe) 9 

Sterile/ "7 cans. acme eee 508 214 
Farmer cotton: 

Native meee eee: 19 15 
Sterileiia. \ cers ayie oane 220 137 

found in 15 fields. Four of these were found in | 
June, five in July, and six in August (in unit 5). 
All of the 15 weevils found in July and August, 
with the exception of one found in unit 2, came 
from the northern one-third of the eradication 
zone (units 3, 4, and 5), which became the sensi- 
tive area in the eradication zone. Based on visual 
surveys, the overflooding ratio of steriles to 
natives for the season averaged 56.4 to 1 in trap 
crops and 11.6 to 1 in farmer cotton. 

In visual surveys for oviposition-damaged 
squares in the eradication zone, 2,279 suspect 
Squares were detected in fields in 183 collections 
(table 3). Discounting repeat collections during 
the same weeks or successive weeks, collections 
were made in 77 individual fields, the majority 
of them in the northernmost unit (unit 4). Dis- 
section of these squares yielded 288 immatures 
and 958 eggs.” The weeks of July 11, 18, and 25 
were the most critical. During this period 68 % 
of the squares, 78% of the immatures, and 76 I 
of the eggs were detected. In the week of August 
8, the last of the experiment, eggs, of which 
none hatched, were detected in four fields and 
immatures were found in two fields, both in 
unit 5. Eleven larvae were found in one of these 
fields (the first detection), while one pupa was 
found in the other field, in which an immature 
had been detected the previous week. 

The detection and determination of a native 

° For detailed data on egg hatch and immature de- 
velopment, see E. P. Lloyd et al., “Release of Sterile Male 
Boll Weevils in the Pilot Boll Weevil Eradication Ex- 
periment in 1972-73,” this volume. 

TABLE 3.—Results of detection surveys for sus- 

pect boll weevil oviposition-damaged squares 

in the eradication zone in 1973 

No. 

Week of — No. damaged Nos Nok 
collections! Someries immatures eggs 

June Satis scone 2 11 0 9 
SOO 17 226 5 59 
OTR ee 23 215 2 88 

Wolly = Awe ostises 14 105 1 ll 
IE ee 33 474 36 209 
Tia tank tee 45 590 140 266 
ey ers So's OF 33 491 50 248 

Aoi Ida ae 12 123 42 55 
cena eae 4 44 12 13 

Totalie. ess 2,279 288 958 

1 Total of 236 cottonfields in the eradication zone. 
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1 Collections made in 77 individual fields. 



boll weevil infestation in 1973 was difficult 

under the low-level population conditions that 

existed. In the evaluation of this test, it was 

known that (1) a few sterile females were re- 

leased which were capable of depositing sterile 

eggs and (2) native females would deposit sterile 

eggs after mating with sterile males. Therefore, 

to identify an incipient native infestation, it 

was necessary to go beyond the mere detection 

of oviposition. The determination of egg hatch 

and larval development were extremely im- 

portant, since the sterile males caused a sub- 

stantial reduction in the normal egg hatch dur- 

ing the season. 

Based on detection surveys and square-dis- 

section records, the number of fields and acres 

in which incipient infestations of boll weevils 

were detected in the units of the eradication 

zone in 1978 is given in table 4. Out of a total 

of 1,817 acres in 236 fields, boll weevil infesta- 

tions were detected in 34 fields (14.4% ) amount- 

ing to 167 acres (9.2%). Sixty-one and eight- 

tenths percent of the infested fields and 68.2% 

of the infested acreage was located in unit 4, 

which was adjacent to considerable boll weevil 

infested cotton acreage outside the eradication 

zone. Twenty-three and five-tenths percent of 

the infested fields was in unit 5 and 14.7% was 

in unit 8. No infestations were detected in units 

1, 2, or 6. Figure 5 shows the location of the in- 

fested fields, all of which were located in the 

upper one-third of the zone. 

Each field found infested was treated with 

azinphosmethy] at 0.25 lb/acre at 3-day intervals. 

Extensive surveys in each infested field showed 

that these treatments, plus the continued sterile 

releases, stopped boll weevil reproduction in all 

fields, with the exception of one field in unit 5, 

which was first detected the week of August 8, 

so near the termination of the experiment that 

it was not possible to execute the necessary sup- 

pressive measures. 

It was very critical that surveys be conducted 

in a biased fashion in order to insure detection 

of an incipient infestation and the application 

of elimination measures before any sizable popu- 

lation increase occurred. Biased surveys were 

considered the final and most important element 

in conducting a successful program, since we 

expected late-emerging overwintered weevils 

and possibly migrant weevils to start incipient TABLE 4.—Total number of fields and acres and number of infested fields and acres in the units of the eradication zone and the week 

detected, 1973 

Week of— 

Total infested— 

Aug. 8 

Fields 

Fields 

Aug. 1 

Fields 

July 25 

Fields 

July 18 

July 11 

Total No. /unit 
Fields 

Unit 

Acres 

Acres 

Acres 

Acres 

Acres Fields Acres 

Fields 

Acres 

0 

31 

293 

40 

fos 

al 

10 50 

AQ 

114 

110 

37 

45 

A 

18 

4] 37 

. .236 

167 

34 

la 

60 11 45 

37 

1,817 

Total 1 One of these trap crop only. 
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FIGURE 5.----Location and\number of boll weevil infested 

fields and acres detected in the units of the eradica- 

tion zone in 1973. 

infestations. The sampling methods employed 

by APHIS personnel in detecting infestations 

were as effective as the methods used in the in- 

tensive sampling study.* 

From the week of May 9 through August 8 

in the first buffer zone, 49 native adults were 

found in 29 trap crops, and 39 native adults were 

found in 29 fields of farmer cotton by visual 

survey (table 5). All native adults were found in 

the trap crop during the weeks of May 9 through 

July 11, while only one native adult was found in 

farmer cotton prior to the week of July 4. Based 

on visual survey, the ratio of sterile to native 

adults during the season averaged 1 to 1 in trap 

crops and 0.8 to 1 in farmer cotton in the first 

buffer zone. This is a much lower ratio than 

that which existed in the eradication zone, but 

is based on all fields, rather than only on fields 

in which weevils were released in each particular 

week. 

8 See Lloyd and Scott, “Intensive Sampling of Twenty- 

five Selected Fields in Eradication and First Buffer 

Areas of the Pilot Boll Weevil Eradication Experiment 

in 1973,” this volume. 
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Two hundred and thirty square surveys in the 

first buffer zone detected 2,072 suspect oviposi- 

tion-damaged squares in what amounted to 136 

individual fields (table 6). These squares con- 

tained 493 immatures and 333 eggs, of which 

the majority came from units 2 and 3. These 

units were directly north of the eradication zone 

and adjacent to the greatest amount of boll 

weevil infested cotton acreage in the seconu 

buffer zone. 

Boll weevil surveys in the northern portion 

of the second buffer zone monitored population 

buildup so that insecticide treatments could be 

applied to prevent development of large numbers 

of weevils which might migrate into the eradi- 

cation zone. From mid-June to late June the 

adult population in the area ranged from an 

average of 40 to 87 per acre (fig. 6). The per- 

centage of fields where adults were found in- 

creased from 14% in mid-June to 64% by late 

June. When infested square surveys were begun 

TABLE 5.—Number of live adult boll weevils 

found in the cotton in the first buffer zone 

from May 7 through August 8, 1973 

Crop and No. No. fields with 

weevil type adults found adults found? 

Trap crop: 
INALIVe eee eee 49 29 

Sterile a race ceeis aap nees 48 22 

Farmer cotton: 

INGRSKIZE dl owlonibo dom acihnas ec 39 

Stenilewencno eine Cherie 33 29 

1 Total of 565 fields in the first buffer zone. 

TABLE 6.—Results of detection surveys for sus- 

pect boll weevil oviposition-damaged squares 

in the first buffer zone in 1973 

No. 

Week of— No. damaged, No. No. 
collections? squares immatures eggs 

june:20 eoqsaee on: 13 200 16 10 
Fie amumoenen 18 212 25 40 

Julyaa eee een 18 119 23 31 

Hel beet ccc mane St 34 186 53 38 

Ufehre tad tata es 80 256 51 67 

arate wondia Seams 39 287 87 56 

Aug Lats eater 49 660 181 57 
eye Malate ocil 29 152 57 34 

Motalesers 230 2,072 493 333 

1 Collections made in 136 individual fields. 
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FIGURE 6.—Number of adults per acre and percent boll 

weevil oviposition-damaged squares in the second 

buffer zone in 1973. 

in early July, oviposition-damaged squares were 

averaging 4.0% in 95% of the fields. This in- 

‘creased to 6.0% in 94% of the fields by mid- 

July, at which time 2 applications of azinphos- 

methyl at 0.25 lb/acre were applied to suppress 

first generation adults and reduce population 

buildup. During the remainder of the season, 

the oviposition-damaged squares ranged from 

0.1% to 2.0% and were found in 18% to 55% 

of the fields. 

In summary, there appears to be a definite 

relationship between the incidence of infested 

fields and number of boll weevils captured in 

pheromone traps‘ in the different areas of the 

eradication zone in 1973. There was an increase 

in native weevils captured and infested fields as 

one moved from south to north, with at least 

90% of the trapped weevils coming from the 

units in which the infestations occurred. This 

incidence of captured weevils and infestations 

was directly related to the distance from con- 

siderable boll weevil infested cotton acreage out- 

side the experimental area. The apparent re- 

lationship between these factors and results of 

a migration study by Cross’ indicated that boll 

weevil migration into the eradication zone did 

occur. Closely considering all possibilities, and 

given the fact that the 33 fields found infested, 

comprising 9.0% of the total acreage, were lo- 

cated in the northern one-third of the eradica- 

tion zone, it is surmised that the majority of the 

infestations found in 1973 were caused by mi- 

erant, gravid females. 

+ See D. D. Hardee, “Development of Boll Weevil Trap- 

ping Technology,” this volume. 

5 See “Relative Populations and Suggested Long-Range 

Movements of Boll Weevils Throughout the Area of the 

Pilot Boll Weevil Eradication Experiment As Indicated 

by Traps in 1973,” this volume. 
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TRAPPING DURING THE PILOT BOLL WEEVIL 

ERADICATION EXPERIMENT, 1971-73 

By D. D. Hardee and F. J. Boyd! 

The results of mass-trapping experiments 

have been discussed to show the justification 

for including pheromone traps as one of the sup- 

pression measures in the Pilot Boll Weevil Eradi- 

cation Experiment (PBWEE).° Two significant 

improvements since the conclusion of earlier 

trap experiments which further justified traps 

as a Suppression measure were the development 

of the non-sticky Leggett trap (Leggett and 

Cross 1971), and the availability of the syn- 

thetic pheromone, grandlure (Tumlinson et al. 

1969, Hardee et al. 1974), in slow-release formu- 

lations (Bull et al. 1973, Hardee et al. 1974) that 

are effective in the field for at least 7 days. 

This paper summarizes the results achieved with 

all phases of trapping in the PBWEE in 1971-73. 

TRAPPING IN 1971-72 
Survey traps at the rate of two per field were 

operated from August 4, 1971, through March 

15, 1972 (Cross et al. 1971), and from August 

2, 1972, through March 28, 1973 (Leggett and 

Cross 1971). These traps provided (1) a mea- 

sure of the effectiveness of in-season and repro- 

duction-diapause control programs in 1971-72, 

(2) a comparison between population densities 

in 1971 and 1972, and (3) a measure, along with 

surface woods trash samples, of winter survival 

in the 2 years. Based on the summaries pre- 

sented in table 1, boll weevil populations during 

the in-season and reproduction-diapause control 

phases in 1972 were over 98% less than in 1971. 

Because of the large number of boll weevils 

1 Research entomologist, Boll Weevil Research Labora- 

tory, Agricultural Research Service, U.S. Department 

of Agriculture, Mississippi State, Miss. 39762, and ento- 

mologist, Animal and Plant Health Inspection Service, 

U.S. Department of Agriculture, Prentiss, Miss. 39474, 

respectively. 

2 See Hardee, “Development of Boll Weevil Trapping 

Technology,” this volume. 
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captured on traps and the moderate infestation 

of boll weevils in fields in the spring of 1972 

(table 2), the trapping and sterile-male release 

phases of the experiment in 1972 were termi- 

nated in early July. Subsequently, the boll weevil 

population was subjected to in-season and repro- 

duction-diapause insecticide treatments which 

reduced the boll weevil population to a very low 

TABLE 1.—Number of boll weevils captured on 

survey traps in PBWEE, August—March 

1971-72 

No. boll weevils captured /trap /month in— 

Month Zone I Zone II 

19713 19722 19711 1972? 

AU geal user eee eee 55.9 0.80 81.3 0.46 

OCH ce eee ee 9.9 63 15.3 1.15 

NOV eee 6.8 16 13.3 38 
IO Yelinh alae ted MUI ae 4.2 15 8.1 22 
Janie eauc sane ie 1.7 .008 1.4 018 

ebm tira: ater 4 .004 2 001 
Marc nenry cont eae 5.2 001 5.9 0 

Motalieve eee 120.6 2.01 106.0 2.82 

1 Wing traps. 

* Leggett traps. 

level. When trap records for zones I and II are 

compared with each other in 1972 and 1973, 

and with zone III and untreated areas for 1973 

(table 2), the effectiveness of insecticide treat- 

ments in reducing the size of the boll weevil popu- 

lation is well documented. This effectiveness is 

also shown in table 3 for percent egg-punctured 

squares and adult boll weevils collected in visual 

surveys for zones I-III for 1971-73 and in table 

4 for specific seasons throughout both years. 

One cultural measure employed in late 1972 

was destruction of stalks after harvest was com- 

pleted. After stalks were destroyed, the fields 

were trapped for an additional 2 weeks to cap- 



TABLE 2.—Number of boll weevils captured with Leggett traps during the 

growing seasons of 1972-73 

No. boll weevils captured/trap/month in— 

Month Zone I Zone II Zone III Untreated 

1972 1978 1972 1973 (1973) (1973) 

INR, ob gbaadoe ES 0.016 1.1 0.021 1.6 23.4 

IMENT gosalooaie 9.3 .100 6.7 .170 31.8 105.8 

une eee eae 14.2 .290 11.3 .540 36.6 238.7 

alee ease cee 4.2 085 2.9, 010 4.0 23.2 
FAUT ee cc crersoey ph .006 ae 005 4 1.0 

No./trap ...-- 29.0 0.50 21.3 84 74.4 492.2, 

No;/acre | ....- 53.9 19 33.9 .80 Kd RUE 

Total/ 

zone .-- 156,580 1,459 132,350 8,954 40,172 

TABLE 3.—HLgg-punctured squares and adult boll = i d 2 EES 

weevils per acre in zones I-III in 1971-1973 HO ; 

Egg-punctured Adult boll weevils/ 3.0 

Yeart squares in zone (%) acre in zone 

I I Til I Th sn Zp 

1971 40.3 22.0 34.7 807.0 561.0 485 LO 

1972 3.6 4.3 26.5 3.2 7.6 198 ae 

1973 .02 .04 5.2 aD 2.4 89 ‘ 

1 Through week of July 30—August 3 only in 1973. In 1971- 
72, records are through frost. 

NO. BW/ TRAP/ WEEK 

ts 
an fc 

AGA 

TABLE 4.—Number of boll weevils captured per deb 

seasonin PBWEE JOL 
.08 - 

No. weevils/trap/week 064 

Zone Aug.—Nov. May-July Aug.—Nov. May-July -O4 

1971 1972 1972 1973 02 fo 

T I ae 
JE Water ott ents 6.4 2.3 0.18 0.04 APRIL MAY JUNE JULY 

LUE, Suetaernemnees 5.2 1.9 13 06 

1 HA be weet eenarepene 14.4 Sods shu 5.53 FIGURE 1.—Emergence of boll weevils as measured by 

Untreated . 143.7 33.0 130.6 27.66 trap catches in zones I and II, PBWEE, 1972-73. 

ture any boll weevils released from bolls by stalk 
destruction. The results in the following table Stalk destruction forced some boll weevils from 

show that about four times as many boll weevils the destroyed fields and these in turn were cap- 

were captured between September 25 and Octo- tured in traps around the fields. 
ber 20 around fields with destroyed stalks than Seasonal emergence patterns as measured by 

around fields with stalks left standing. trap catches are shown for zones I and II in 
figure 1. The results show that during mid-May 

aby in 1972, and during the week of June 11 in both 

pigabolewcoals/trap/ ground, fields years, peak emergence occurred for both zones. 

fone ES ae nee q Since traps were checked on a weekly basis, peak 

z a emergence actually occurred sometime during 

I 0.05 0.2 the week prior to the date traps were checked. 

it 2 9 In tabular form, emergence patterns for zones 
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TABLE 5.—Emergence pattern of captured boll weevils by zone, 1973 

7 Total x me Accumulative percent of capture by— one weevils 
cantare” Apr. 29 May 20 June 10 July 1 Aug. 3 

NB ans Noreen ete ec) 1,459 2.4 12.5 33.4 81.6 100.0 LS aici eae 3,954 1.3 13.8 34.3 86.0 100.0 
Tiligatete cost ae, aca 40,172 0.5 15.8 60.5 94.5 100.0 
Untreatedsain. ey. he 4,724 8.5 20.1 66.5 93.8 100.0 

Total or mean .. 50,309 8.2 15.6 AS i wee 89.0 100.0 

TABLE 6.—Emergence pattern of captured bol! weevils by units in zone I, 
1978 

Unit Total ae Accumulative percent of capture by— ni weevils 
Captured Apr. 29 May 20 June 10 July 1 Aug. 3 

i 4 25.0 25.0 50.0 100.0 ates 
2 54 0 1.8 7.4 80.4 100.0 
3 146 0 atl 4.1 75.3 100.0 
4 971 2.3 13.4 31.2 79.0 100.0 
5 214 5.6 20.6 55.6 93.4 100.0 
6 70 0 8.6 Meteal: 91.4 100.0 

Meantene a. 1,459 2.4 12.5 33.4 81.6 100.0 

TABLE 7.—E'mergence pattern of captured boll weevils by units in zone II, 
1973 

Total no. f ; E Accumulative percent of capture by— Unit weevils 
cantured Apr. 29 May 20 June 10 July 1 Aug. 3 

1 232 (0) 5.2 13.4 72.8 100.0 ») 1,796 4 9.1 Daler 85.1 100.0 3 1,456 ES 14.5 34.4 86.1 100.0 4 188 4.3 37.0 72.5 98.6 100.0 5 66 1R5 18.2 33.3 74.2 100.0 6 266 5.6 82.7 72.6 94.0 100.0 

Total or mean ....3,954 13 13.8 84.8 86.0 100.0 

I-III and untreated areas in tables 5—7 show 
that 80 %-85 % of all emergence occurred after 
May 20 in 1973. Over two-thirds of the total 
emergence in zones I and II occurred after June 
10, but these results are influenced by trap rec- 
ords around fields planted in 1972 but not in 
1973. Data collected by Hardee and Boyd (un- 
published) show that overwintered weevils are 
trapped more readily after July 1 around fields 
planted the previous season and not planted the 
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current season than around fields planted both 
seasons. Since over 60% of the total number 
captured in zone I, i.e., were captured around 
unplanted fields (table 8), the emergence pat- 
tern as a whole was influenced greatly by the 
response around unplanted fields. These results 
strongly confirm the value of trapping unplant- 
ed fields as was done in the PBWEE. The sum- 
mary by unit in zone I (table 8) shows that 
traps around 64% of all planted fields in zone I 



TABLE 8.—Numbers of boll weevils captured in traps around planted and unplanted fields in zone I, 1973 

Percent of total Percent 

fields 
% Planted capturing 

No. weevils captured at fields 

No. planted 

of total 

captured in zone 

captured at 
unplanted fields 

weevils 

Total 

Unplanted 

Planted 

Acres 

Fields 

Unit 

3.7 10.0 0.3 

25.0 59.3 

9.7 
60.0 

54 

276 293 

66.7 
100.0 

146 971 214 
70 

66 

80 
287 170 

402 274 287 285 

66.6 

70.4 

14.6 4.8 

20.6 71.4 

80.5 54.0 

20 

aa ot 1 © 

Total or 

100.0 

60.1 

64.4 

1,459 

877 

582 

1,817 

. .236 

mean 

captured boll weevils, but 60% of the total boll 

weevils captured occurred around unplanted 

fields. Unit 4 contributed two-thirds of the total 

captured, and units 3, 4 and 5 contributed 90 % 

of the total.’ 

Field No. 120 in zone I, unit 4, was not dis- 

covered until mid-September of 1972, and re- 

ceived no insecticide prior to that time. Upon 

discovery the 2-acre field was heavily populated 

with boll weevils and was immediately treated, 

trapped, and destroyed. Traps placed around and 

on lines radiating from this field captured the 

following numbers of boll weevils in 1973: 

No. No. 

Date boll weevils Date boll weevils 

captured captured 

Apr. 2-15 -...-. 2 [fictoves I EOY Bee ete coisas 20 
Apr. 16-29 ...... 18 June25-July 8 ....... ] 

Apr. 30-Mar. 13 . 87 Nutlys =O Orcas at ec. 4 
Mar.14-27 ...... 54 July 23-Aug. 5 ...... 0 

May 28-June 10 .. 40 cae 
Total ....176 

Since this field accounted for over 18% of 

the total number of weevils captured in unit 4 

in-19738, and since these numbers are included 

in those given for unit 4 in previous tables, these 

figures indicate the potential problem posed by 

failure to detect even a small field during the 

reproductive phase of boll weevils. 

Table 9 shows the number of fields in zone I 

in which boll weevils were detected by traps, 

egg-punctured squares, or by both means. A total 

of 154 out of 236 fields was found positive for 

boll weevils by either or both methods. Of these, 

traps detected boll weevils around 147 fields 

and boll weevil infestations were detected in 32. 

In only 7 of the 32 fields did traps fail to capture 

boll weevils where an infestation developed. 

Thus, since weevils were captured on traps 

around 122 of the 154 fields in which no suspect 

egg-punctured squares were found by the sam- 

pling method employed, we can conclude that 

traps contributed greatly to detection and sup- 

pression in the PBWEE. Because the PBWEE 

was scheduled for termination on August 10, 

about half of the peripheral Leggett traps were 

removed during the week of July 23, and the 

3 Boyd, “Boll Weevil Population Levels During the 

In-Season and Reproduction-Diapause Control Phases of 

the Pilot Boll Weevil Eradication Experiment,” this 

volume. 
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remainder was removed during the week of July 

30. For this reason trap catches from July 30 

to August 3 are for only half the previous com- 

plement of traps. There were no trap records 

during the week of August 4-10, the last week 

of the experiment. As part of a series of studies 

in which we were evaluating the effectiveness of 

the in-field trap principle, in-field traps were 

placed in 4 fields in each of zones I and II. (See 

Mitchell and Hardee 1974 for details.) There- 

fore, during the week of August 4—10, only four 

fields (three of which were previously infected 

and on insecticide schedule) were trapped in 

zone I of the PBWEE;; that is, trapping was car- 

ried on in the four fields in unit 4 which con- 

tained the in-field traps. The results below show 

the value of in-field traps in detecting low-level 

populations of boll weevils: 

Surveys Positive surveys 

Z Fields (field Traps & 
as cee : a Traps Visual Si Total 

weeks ) visual 

4 8 4 1 1 6 

II 4 36 22 1 2 25 

Total.. 8 44 26 2 3 3i 

Sex ratios shown in tables 10-12 indicate that 

midseason responses are predominantly from fe- 

males, indicating a true sex-pheromone response, 

as contrasted to an aggregating response from 

both sexes in early and late season. The detailed 

results of in-field trap studies in zone I (table 

12) and zone II (table 18) emphasize the value 

of in-field traps in detecting low-level infesta- 

tions of boll weevils, and suggest that their 

proper use under these conditions represents a 

powerful tool in suppression and elimination. 

For example, in field 156, zone II (table 13), 

no egg-punctured squares were detected from a 

sample of 600 total squares taken at random dur- 

ing the weeks of July 238, July 30, and August 6. 

During these same weeks, however, 14, 47, and 

73 boll weevils were captured, respectively, in 

in-field traps, all but 2 of which were females. 

All of the results with in-field traps illustrate 

a point which most cotton entomologists recog- 

nized for some time: the difficulty encountered 

in measuring accurately extremely low levels of 

boll weevils by visual surveys. To emphasize the 

value of in-field traps in improving our methods 

of detection, a series of hypothetical calculations 

TABLE 9.—Measure of role of Leggett traps in detection and suppression in 

zone I, 1973 

No. fields positive 

Unit No. planted Oviposition- yet ney, 
fields Traps only puncture | Total 

Bnly simultaneously 

M 31 3 0 0 3 

2 40 24 0 0 24 

3 42, 23 1 4 28 

4 45 25 2 18 45 

5 4] 30 4 3 37 

6 37 7 0) 0 17 

ricci: mado cali 236 129 7 25 154 

TABLE 10.—Capture of boll weevils in in-field traps in zones I and II 

Boll weevils captured in— 

7 June July? Aug.? 
on esc ast ep Si africa 

s Na. fields No. Fields Non Fields 
sat a(Zan) PNG) mh, Ce) 

1a Pe ei ea Eels oul avast at ta Me le 21 90.5 10 80.0 

Te Reh errere ieee ae hc ame ce 31 74,2 103 96.1 89 98.9 

Total or 
MEAN MA eae 31 74.2 124 95.2 99 97.0 

1 Week of July 28—Aug. 3. 

2 Week of Aug. 4-10. 
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TABLE 12.—Capture of boll weevils in in-field traps in a low infestation area (zone II, Covington County) 

No. native weevils captured in field? 

157 (5 traps/acre ) 

165 (10 traps/acre ) 

62 (5 traps/acre) 

2156 (10 traps/acre ) 

Week 

No./acre or % infest.% 

No./acre or 
% infest.3 

M 

No./acre or 
% infest.3 

% infest.3 
No./acre or 

of— 

fos | 

[flies Ihe Seepon ons 

ho ke prea cabia oe 

a 

July 

0.5 

Geers 

14 45 

A 

13 15 

lox] 

SOR Sears 

73 

Aug. 

1M = male, F = female. 2 Field 156 received insecticide applications on June 8, July 19, 24, 31, and Aug. 8. None of the other 3 fields was treated. Fields 156 and 157 were planted May 1; 
fields 62 and 165 were planted June 7-9. 1 9 was captured on May 14 in 2 Leggett traps in field 156; 1 g on June 4,1 Q on June 25 in Leggett traps in field 156; fields 62 and 157 had no Leggett traps. 

are percent egg-punctured squares of the 300-600 squares examined weekly. 

3 No weevils were detected in row counts averaging 400 feet weekly. All data given 

were made pertaining to sampling in the 

PBWEE. 

The following assumptions were made before 

the calculations were attempted: (1) Two boll 

weevils per acre of cotton survived the winter. 

Karly suppression measures (traps, trap crops, 

insecticide application at pinhead square stage) 

reduced this level 90%. Therefore, 1 week after 

pinhead squaring, there were two boll weevils 

per 10 acres of cotton (1 male, 1 female). 

(2) Two boll weevils per 10 acres will produce 

about 0.01% infestation (Lloyd and Merkl 

1966). (3) To detect a 1% infestation, 500 

squares must be sampled (Lincoln et al. 1963) ; 

therefore, to approach 100% efficiency in de- 

tecting a 0.01% infestation, at least 50,000 

squares should be sampled. (4) An overwintered 

female will lay about 150 eggs (KE. P. Lloyd, 

unpublished data). (5) Squaring rate = 20,000 

per acre 1 week after 1/3-grown squares, peaks 

at 200,000 per acre in 4 weeks, holds this level 

for 3 weeks, and then declines (Lincoln et al. 

1963). (6) Animal and Plant Health Inspection 

Service operations in PBWEE sampled at ran- 

dom at least 200 to 400 squares (up to 1,000 in 

some cases) off plants in the largest cotton per 

10-acre count or less.* 

Based on the above assumptions and utilizing 

Poisson distribution functions (Fisher and Yates 

1957), we can calculate the following: 

No. egg- 

Weeks after No. squares / punctured 

1/3-grown square 10 acres squares/ 

10 acres 

i 200,000 40 

2} 600,000 60 

8 1,200,000 60 
4 2,000,000 20 

Prob. of 
Punctured dercotine 

eine 1 punctured 
(%) square in 400 

1 0.02 0.077 

2 01 .039 
3 .005 .020 
4 001 .004 

Therefore, 1 week after 14-grown square, with 

random sampling we had 8 chances in 100 of de- 

4 Boyd, “Operational Plan and Execution of the Pilot 

Boll Weevil Eradication Experiment,” this volume. 



tecting, in any field, 1 egg-punctured square in 

a sample of 400, given the above assumptions. 

In any field of less than 10 acres the chances 

would be improved but where populations are 

less than two weevils per 10 acres, as the season 

progresses (and number of squares per acre in- 

creases), the chances decrease drastically to ap- 

proximately four in 1,000 at peak squaring. 

Based on these assumptions and calculations, the 

results as shown in tables 10-12 emphasize that 

in-field traps should be considered as one of the 

measures to be used in detection, management, 

suppression, and elimination of the boll weevil 

in any future program. 
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EVALUATION OF A TRAP CROP SYSTEM 

FOR BOLL WEEVIL SUPPRESSION 

By F. R. Gilliland,! Jr., W. R. Lambert,? and R. L. Davis 

The Pilot Boll Weevil Eradication Experiment 

(PBWEE) was designed to test the technologi- 

cal feasibility of various boll weevil suppression 

techniques for use in an eradication attempt 

across the Cotton Belt. Two population-suppres- 

sion techniques employed in the PBWEEF were 

aldicarb-treated, early-planted trap crops baited 

with grandlure, the synthetic boll weevil aggre- 

gating pheromone (Hardee et al. 1972), and 

grandlure-baited Leggett traps (Leggett and 

Cross 1971) placed around the periphery of cot- 

tonfields (Boyd 1973). 

Earlier work with grandlure-baited traps and 

grandlure-baited trap crops in the PBWEE 

(Boyd 1978, Gilliland et al. 1973) indicated that 

these suppression techniques would be vital in 

achieving success in a boll weevil eradication 

program. The work of other contemporary re- 

searchers with trap crops (Bradley 1967), and 

grandlure-baited traps (Hardee et al. 1969, 1970, 

1971, 1972), or combinations of the two (Lloyd 

et al. 1972, Scott et al. 1974) has also indicated, 

however, that these boll weevil suppression tech- 

niques have great potential for use in cotton in- 

sect pest management programs. Thus, experi- 

ments were designed and conducted during 1973 

to define further the role of grandlure traps 

and grandlure-baited trap crops in a boll weevil 

suppression program. 

PROCEDURES 
Three study areas were selected in Macon 

County, Ala. The trap crops consisted of four 

rows of cotton planted 1 to 6 weeks prior to the 

remainder of the field. Aldicarb was applied in- 

1 Associate professor, Department of Zoology-Ento- 

mology, Agricultural Experiment Station, Auburn Uni- 

versity, Auburn, Ala. 36830. 

2 Graduate assistant, Department of Zoology-Ento- 

mology, Agricultural Experiment Station, Auburn Uni- 

versity, Auburn, Ala. 36830. 
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furrow at 1.0 lb active ingredient/acre at plant- 

ing, and as a sidedress at 2.0 lb active ingredi- 

ent/acre at the pinhead square stage. Grandlure- 

baited Leggett traps were erected around the 

periphery of the fields at a density of about one 

trap/per acre. All traps were serviced weekly 

from early May through late June. Grandlure 

bait stations were established at 100-ft intervals 

in the trap crops 2 weeks prior to squaring. The 

bait stations consisted of a shell vial containing 

a grandlure-impregnated wick attached to a wire 

stake that held the bait about 18 inches above 

the drill of one row of the trap crop. The bait 

stations were renewed with fresh grandlure at 

weekly intervals throughout the summer. 

In addition to the complete system of trap 

crops, traps, and bait stations, various combi- 

nations of these components were tested to mea- 

sure the value of each. Representative fields in 

three different areas were selected as test sites 

(table 1). At the Marvyn location, 15 small fields 

(4-10 acres) were selected to test 5 treatment 

combinations. In these fields the trap crops were 

planted 3 to 4 weeks prior to the remainder 

TABLE 1.—Tvreatments in trap crop evaluation 

experiment, Macon County, Ala., 1973 

i Treatments No. 

Hocation No. : Description! eae 

Marvyn ...----- Ie SKS SS) onto ciac'e cdlanvioueb ow nds 1 

1 DYO) eoeis eave on 2 T+TC(w/o Aldicarb) + BS 1 
IDYoy Hurse worm fey niny] Ri) ethan dreremcum iclac-0,b40 Boro. 9000 o> oc @) 

Dowie eee Ai na letctsrla Gece teavee ty eaenctenokceanalspancaenee sie 1 

Doe ete Ea mea UN Sd Ve Ue aD aaa s 1 
Little: Texas: :)..22) 1) SEGA BS oe eer lysate). 1 

DOR eee pt PEM ROD Ute Helps auiatencnladaae ani 1 

Done ras CMP EMG EIEN 60 cllcidicicided.ovo.p.00 1 

parade 1 Shorter APA SING EIS) dvomon ccc gc clboec 2 

1T=Grandlure-baited Leggett traps. 'TC=Aldicarb- 

treated trap crop. BS=Grandlure bait stations. 



of the field. At Little Texas, three treatment 

combinations were tested in nine fields (10-25 

acres). All trap crops at Little Texas were 

planted about 2 weeks prior to the remainder of 

the field. The third location, Shorter, was an 

area of relatively large fields. Here three fields 

(25-60 acres) were selected to test the complete 

suppression system. These fields had been treat- 

ed with a four-application diapause control pro- 

gram during the fall of 1972. Because of adverse 

weather, trap crops at Shorter had to be re- 

planted only one week prior to the remainder of 

the fields. At both Little Texas and Shorter, 

fields of 25 acres or more had two trap crops. 

In all other fields only one trap crop was planted. 

Effectiveness of the various treatment com- 

binations was assessed by several methods, 

but particularly by whole-plant examinations. 

Whole-plant counts were made by examining all 

plants in a 5-ft section of row. The number of 

such counts varied according to field size: in 

fields less than 10 acres, there were 10 counts 

in both trap crop and regular crop; 10-20 acres, 

15 counts; 20-30 acres, 20 counts; 30 or more 

acres, 30 counts. Sampling was initiated May 30 

and continued on a weekly basis until crop ma- 

turity in mid-September, or until regular appli- 

cations of insecticides were begun. 

RESULTS AND DISCUSSION 
Trap crops at the Marvyn location were suc- 

cessfully established. In most instances the 

planting date for the trap crop was about 1 

month earlier than the main planting. The trap 

crops came to good stands, and considerable dif- 

ference in size between the trap crop and the 

rest of the field was apparent until midseason. 

At Little Texas and Shorter, however, the trap 

crops were not as good. At Little Texas, very 

poor stands were achieved in the trap crops. 

Despite a 2-week difference in planting dates, 

the regularly planted cotton outgrew the trap 

crops; by late June the regularly planted crop 

was taller and fruiting more heavily than cotton 

in the trap crops. At Shorter, first stands in the 

trap crops were inadequate and required re- 

planting only 1 week prior to the planting date 

for the regular crop. Thus, as at Little Texas, 

the trap crops at Shorter had little size or ma- 

turity advantage. 

Records of boll weevil capture in Leggett 

traps at Marvyn show little differences between 

treatments until peak emergence occurred in 

early June (table 2). During this period of peak 

emergence, trap catches around fields that had 

no trap crops increased greatly. Thereafter, the 

decline in trap catches around all fields was 

similar, and by late June trap catches were quite 

low. At Little Texas, no differences were noted 

in trap catches among the various treatments. 

At Shorter, trap catches indicated a much lower 

overwintered weevil population than at Marvyn 

or Little Texas. This lower population probably 

can be attributed to the diapause control treat- 

ments applied to the Shorter fields during the 

fall of 1972. 

The trap crops planted at the Marvyn loca- 

tion were very effective in attracting overwin- 

tered weevils that escaped the Leggett traps and 

entered the fields (table 3). Once weevils en- 

tered the trap crops, they did not appear to leave 

and move into the regularly planted cotton. The 

effectiveness of the trap crops in attracting 

overwintered weevils is indicated by the differ- 

ence in weevil populations in the regularly 

planted cotton in the various treatments at 

Marvyn. In Treatment 38, where trap crops were 

not_planted, weevil populations in the regularly 

planted crop prior to July were considerably 

higher than in fields containing a trap crop. 

Subsequent to the June 14 sidedress application 

of aldicarb, weevil populations in the trap crops 

at Marvyn were reduced appreciably. The degree 

of suppression by the aldicarb sidedress is ap- 

parent upon comparison of populations in the 

various treatments. Populations in the trap crops. 

of Treatment 2, which did not receive either the’ 

in-furrow or sidedress application of aldicarb, 

did not decrease during June or July. An ex- 

planation for the failure of weevil populations 

to increase in the regularly planted portions of 

these fields during the remainder of the test 

is not readily apparent. 

Trap crops at Little Texas and Shorter were 

not as effective as those at Marvyn. Although 

overwintered weevil populations were higher in 

the trap crops than in the regularly planted por- 

tions of the fields during early June, these dif- 

ferences were not apparent by late June. Fol- 

lowing the aldicarb sidedress on June 14-15, 

weevil populations in the trap crops were re- 

duced and, in most instances, remained low until 

after F. emergence in late July. However, weevil 

populations in the regularly planted crop ob- 
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TABLE 2.—Boll weevils captured in grandlure-baited Leggett traps around 

fields used for various treatments in trap crop evaluation experiment, 

Macon County, Ala., 1973 

Weevils/trap 
; Treatment 

Location Noe May June 

¥ 4, .§210 BRIT LO ECON CANIS OMECG 

Marvin arrei che tiente ietetenel= = 1 nee abe ze a oe oe a6 ut Be 

1D Yonah Hicie ena oincaenaeo arn 2 8 20 12 24 18 19 14 6 1 

IDYoeone rade monte omen Ete 3 6 20 8 23 26 56 D9) Fal: 3 

|DYserabirs Se abrneo wader 4 6 15 12 22, 20 25 10 9 2 
JD Yaya Sas peo enc ne 5 4 11 6 16 15 18 10 7 1 

Mitte exase rs sue seven: re oy 1 és ae Ae As me ae a poi iat 

DO ieee eT ae oe 2 6 20 7 20 Q7 28 29 a 1 

DO Mea tie: An) ene 3 8 22, 8 24 18 26 33 7 1 

Shortersae eee avers 1 3 8 5 1 14 9 15 3 i 

1 See table 1, note 1, for description of treatments. 

TABLE 3.—Summary of boll weevil populations in various treatments of trap 

crop evaluation experiment, Macon County, Ala., 1973 

Avg. weevils/acre 

L . Treatment Pre-sidedress? Post-sidedress? 
ocation No.1 Trap Trap 

eae Reg. on Reg. 

Marvymnteicari mice tne chr ears 1 1,502 29 975 65 

DY SS aah TAT BAS nS Oe 2 896 0 1,018 65 

| DYovhuicara cece ciate diets Geer eraeaitics 3 BREEN 174 90.030 87 

DO ee ee ee 4 866 0 542 29) 

DOR Ae, LOR ks ees 5 1,473 87 455 0 

Wittletslexasamsertaricnte ie 1 838 116 412 ATT 

Doin eee 2 799 260 282 499 

Dome Poe bas. 3 1,581 159 439 379 
GHOrteD eee On cn soe il 501 163 130 209 

1 See table 1, note 1, for description of treatments. 

2 May 30-June 14. Reg. = Regularly planted portion of fields. 
3 June 14-July 15. Reg.=Regularly planted portion of fields. 

viously were not affected by the aldicarb side- 

dress and reached relatively high levels before 

sampling was terminated. The relatively poor 

quality of the trap crops, in terms of stand and 

differential height and maturity, at the Little 

Texas and Shorter locations undoubtedly con- 

tributed greatly to the ineffectiveness of the trap 

crops at these locations. Also, at Shorter, the 

maximum number of trap crops planted per 

field was two, even though the fields were much 

larger than those at Marvyn (table 1). It is likely 

that an increased number of trap crops in these 

larger fields would have provided more posi- 

tive results. 
The importance of achieving a good height and 

maturity differential to optimize trap crop ef- 

fectiveness is demonstrated by a comparison of 

92 

weevil populations occurring from June 1 until 

July 27 in the trap crops and regular crops of a 

test treatment common to all locations (table 4). 

The great difference in weevil infestation oc- 

curred at the Marvyn location where the average 

difference in planting dates for trap crops and 

regular crops was 4 weeks. The most ineffec- 

tive trap crops were at Shorter where there was 

only a 1 week difference in planting dates. 

Grandlure bait stations contributed to the 

effectiveness of trap crops. Accumulative esti- 

mates of total weevil populations occurring in 

trap crops at Marvyn indicate the value of bait 

stations (table 5). Trap crops with grandlure 

bait stations attracted appreciably more weevils 

than trap crops without bait stations. A further 

indication of the attractiveness of the bait sta- 



TABLE 4.—Effectiveness of trap crops for attracting boll 

situations 

weevils in three 

Location and 
Total weevils /acre? 

Trap crop: reg. 

Avg. 

planting interval, 

treatment? HE Reg. ratio trap crop-—reg. 

ey (weeks ) 

Marvyn, 

DWSRING PIS) Bo doo cco Magoo 7,887 260 30.3:1 4 

Little Texas, 

Tet RGA BSW ue ae. Wha le 7,799 3,487 2,25): 1 2 

Shorter, 

Mesto S) psobiatatnctslars cp aeness 2,341 3,176 BCo ga! 1 

1 See table 1, note 1, for description of treatments. 

“ Includes data from May 3l-July 27. Reg.=Regularly planted portion of fields. 

TABLE 5.—Boll weevil populations in trap crops 

with and without grandlure bait stations, 

Macon, County, Ala., 1973 

Total weevils/acre, 

TABLE 6.—Initial boll weevil population in- 

creases above economic threshold in regu- 

larly planted portions of fields, Macon 

County, Ala., 1973 
: 2 

Wsesouoae May 30-July 18 Initial date ET exceeded? 

The TROAETAS) plese Gane ee 9,447 Treatment? Riv tnd eiaeees oe ae 
2. T+TC(w/o aldicarb)+BS ............ 7,887 ae 
Been TD cara Beateided: bl 0 Of IA ERO A GOH USACE RSE IRC Sse ras POU RCC 

l;> Regular crop)”. -).... July 20 ae ete July 31 
oe STRSTR on se ee a Re ar eee 3,986 Cas ae pee toni wien) Nee ae 
KR. GPS TGS IAS sad ey Sen anne mete ia 7,887 Sea Cee ae popes ae atic July 10 

eee 4. Regular (i110) 0) adios Kolo (ED) Nobainad oor (3) 
1 . = See table 1, note 1, for description of treatments. So Rea op Sentas Te (3) 

tions were observations that almost all weevils 

found in baited trap crops were found within 

5 feet of a bait station. 

Counts of boll weevil punctured squares (table 

6) confirmed the above description of the rela- 

tive effectiveness of trap crops. At Marvyn, trap 

crops were very effective in protecting the re- 

mainder of the fields from weevil damage. Wee- 

vil damage did not reach economic levels in any 

regularly planted portions of fields containing 

trap crops until August. At Little Texas and 

Shorter, however, infestations reached economi- 

cally important levels much earlier. 

In general, this experiment confirmed results 

obtained in a similar experiment conducted in 

1972 (Gilliland et al. 1973). That is, trap crops 

offer considerable potential as a boll weevil sup- 

pression technique. The primary problem of 

implementing the trap crop system tested is the 

difficulty of successfully planting trap crops at 

least 2 weeks before the remainder of the field. 

Most producers are reluctant to delay their 

planting operation in this manner. However, the 

data indicate that the trap crops should be plant- 

ed much earlier than the regular crop if optimum 

1 See table 1, note 1, for description of treatments. Treat- 

ment at Marvyn location. 

2 Economic threshold=Early season, 250-300 weevils/ 

acre; midseason, 10% oviposition-punctured squares. 

* Economic threshold never reached. 

results are to be achieved. In a well controlled 

and organized suppression program, eradication 

program or both, it may be possible to accomplish 

the necessary differential in planting dates. 

However, the necessity for early planting of trap 

crops probably will inhibit wide acceptance and 

usage of a trap-crop system by individual grow- 

ers. Hopefully, additional research may produce 

methods of trap cropping that will negate the 

necessity of early planting. For example, it may: 

be possible to create a trap crop in a regularly 

planted portion of a field by the efficient use of 

grandlure bait stations alone. These baited por- 

tions could be treated with systemic or foliar- 

applied insecticides to kill weevils attracted by 

the grandlure. 
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RELEASE OF STERILE MALE BOLL WEEVILS 

IN THE PILOT BOLL WEEVIL ERADICATION 

EXPERIMENT IN 1972-73 

By E. P. Lloyd, J. R. McCoy, and J. W. Haynes! 

The release of sterile male boll weevils was 

the most complex of the suppression measures 

employed in the Pilot Boll Weevil Eradication 

Experiment (PBWEE). Boll weevils for release 

were reared in a specially designed rearing fa- 

cility, under carefully controlled conditions, and 

fed an adult diet medicated with the chemo- 

sterilant busulfan, or busulfan + hempa. If the 

weevils ingest 30.32.38 wg of busulfan, ex- 

cellent sterility is obtained. However, a number 

of factors can influence the feeding rate and 

thereby reduce sterility. Variability in feeding 

can result from microbial contamination in the 

larval and adult diets, or from fluctuations in 

temperature and humidity in holding chambers. 

Lack of uniformity in incorporation of the 

chemosterilant(s) into the adult diet, and per- 

haps most important, the inherent turnover of 

temporary personnel in the mass-rearing lab- 

oratory influence final weevil sterility. 

The most accurate assessment of the sterility 

of males is obtained by mating them with virgin 

females and measuring egg hatch and larval 

development for a period of 3 weeks. Unfortu- 

nately, this is not a practical quality control pro- 

cedure to use in a release program since it is 

“after the fact,” or “too late.” Therefore, a re- 

liable method was developed whereby sterility 

could be assayed prior to the release of the ster- 

ile males in the field. The test devised is referred 

to as a locomotor activity test. A highly signifi- 

cant (0.99 level) correlation existed between 

0- to 24-hour posttreated weevils and 21-day 

sterility of male weevils when based on 21-day 

1 Research entomologists, Boll Weevil Research Lab- 

oratory, Agricultural Research Service, U.S. Department 

of Agriculture, Mississippi State, Miss. 39762. 

dissection of testes.* While there was occasional 

disagreement between locomotor tests and de- 

tailed measurements of sterility, overall the cor- 

relation between the locomotor test and labora- 

tory sterility studies was good. 

Laboratory quality control tests of sterile male 

boll weevils were conducted by personnel of both 

the Boll Weevil Research Laboratory (BWRL) 

and the Baton Rouge Cotton Insects Research 

Laboratory (BRCIRL). Since procedures and 

assessment of the sterility of released weevils 

were somewhat different, each will be described 

separately. 

BRCIRL procedures—Representative samples 

of treated weevils were isolated daily at the 

Robert T. Gast Rearing Laboratory and 

shipped to Baton Rouge, La., via plane or bus. 

Groups of 100 to 300 males were fed squares at 

30° C; 50 males were allowed to mate overnight 

with 50 normal virgin females within 7 days 

after termination of treatment; 100 eggs from 

each group were implanted in the larval diet. 

After mating, the sexes were separated and the 

female weevils were saved for a second mating 

with surviving males on the 14th day after treat- 

ment. Sterility in males at 7 and 14 days was de- 

termined from the percentage of eggs that failed 

to develop into normal adults. Sterility on the 

21st day (‘permanent sterility”) was based on 

the percentage of survivors with atrophied 

testes. Some selected matings were also made on 

the 21st day to confirm the fact that weevils 

with atrophied testes were sterile. 

BWRL quality control procedures—Random 

2 Wiygul, Glenn, and Haynes, Jack. 1974. A standard 

locomotor test for the prediction of sterility in boll wee- 

vils. Entomol. Exp. Appl. 17: 452-453. 
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lots of sterilized weevils were obtained twice 

each week from the Robert T. Gast Rearing 

Laboratory. Each sample of 100 weevils was 

subdivided into two groups. All samples were fed 

fresh squares daily and held at 30+1° C. Half 

of each biweekly sample was continuously 

mated with 50 virgin female weevils. Egg hatch 

and adult emergence were observed weekly for 

3 weeks posttreatment. Male sterility was de- 

termined by the percentage of eggs failing to 

develop into normal adults and by dissection of 

surviving males at 21 days posttreatment. The 

possibility exists whereby a normal male mis- 

sexed as a virgin female would be at liberty to 

mate with the females. Since sterile males be- 

came aspermic after 7+3 matings (Haynes, un- 

published data), normal missexed males would - 

influence fertility of any females with which 

they mated. Since neither sterile males nor vir- 

gin females were marked, it is impossible to 

know whether any missexed females existed in 

any of the weekly matings. 

More importantly, continuous matings made 

it possible to show that a sterile male could have 

recovered fertility, mated, and died between 

weekly matings, had the test been so conducted. 

The fertile sperm from partially or fully recover- 

ed males would result in higher egg hatch and 

emergence among those females with which they 

mated. Thus, when the males are isolated and 

allowed to mate only once weekly, the possibility 

certainly exists whereby one or more males may 

recover and die before the next mating without 

the recovery of fertility being detected. The 

sterile males in the other sublot were not mated, 

but held on squares for 14 days posttreatment, 

after which sterility was determined by pres- 

ence or absence of sperm bundles in the testes. 

The differences in quality control techniques 

between the BRCIRL and the BWRL exist be- 

cause each laboratory emphasized different as- 

pects in the measurement of male sterility. The 

BRCIRL emphasized preventing sperm deple- 

tion of the sterilized males by confining virgin 

female weevils with them for 24 hours only twice, 

within 7 days and at 14 days after sterilization. 

Virgin females were then removed to minimize 

the probability of depleting sterile sperm from 

the sterile males by repeated matings. “Perma- 

nent” sterility was based on testicular examina- 

tion for spermatogenesis 21 days after sterili- 

zation. In the BWRL quality control experi- 
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ments, emphasis was placed on continuously 

measuring fertility of the sterilized males. Vir- 

gin female weevils were placed in the cages with 

the sterilized males for 21 days. If fertility was 

regained by males, it would be detected even 

when the weevils died before the next assay of 

sterility. “Permanent” sterility also was based on 

testicular examination of survivors at 21 days 

after sterilization. While it is obvious that there 

is not agreement on quality control proced™res 

by the two laboratories, each complements the 

procedures of the other. 

«he level of the chemosterilant, busulfan, in 

the adult diet fed to the mass-reared boll weevils 

was maintained between 0.08% and 0.14% of 

the fresh diet during the release period for 1973. 

Frazier et al.* analyzed a total of 241 samples of 

diet by gas chromatograph according to the 

method of Sukkestad et al. Of these, 192 (80%) 

were within the acceptable range. Those batches 

of diet not within acceptable limits were dis- 
carded pefore being fed. 

In the first two field releases, sterile males 

were released regardless of the outcome of loco- 

motor tests. However, since some of these loco- 

motor tests indicated sterility was of the order 

of 85% or less, several adjustments were made 

to insure weevils of high sterility for release. 

(Data collected subsequently at the BWRL in- 

dicated weevils released on or about May 31 and 

June 4 were 78% sterile by 21 days posttreat- 

ment.) Prior to release, sterile males had to be 

95% sterile according to the locomotor assay. 

If weevils were considered to have less than 95 % 

sterility, they were fed an additional day on the 

busulfan adult diet before being released. De- 

tailed laboratory quality control data measuring 

sterility was collected to evaluate the accuracy 

of the locomotive tests in predicting sterility (see 

table 1). 

The above laboratory sterility assays were 

performed by personnel at the BWRL and the 

BRCIRL. Sterility assays performed at the 

BRCIRL indicated male sterility was higher 

3 Frazier, J. L., Moore, C. A., and Knighten, K: S. De- 

partment of Entomology, Mississippi State University. 

Quality control of chemosterilant, busulfan, in adult diet 

fed to mass-reared boll weevils. (Personal communica- 

tion, January 10, 1978.) 

4 Sukkestad, Dennis R., Cordwell, Diana L., Pomonis, 

J. George, and Nelson, Dennis R. 1972. Quantitative 

analysis of busulfan in boll weevils by gas chromatogra- 

phy. J. Econ. Entomol. 65(2): 353-356. 



TABLE 1.—Laboratory assays of sterility of boll weevils released on the 

indicated dates in PBWEE, 1978 

Avg. percent sterility 
are cores BWRL assay? BRCIRL assay? 

st score - — — =~ a Mew 

Deas: Sica 2 weeks 3 weeks 1 week 3 weeks 

Nave oe sjunew ill ly pte yi Mey wey 90 93 82 98.8 88.7 
June 14-July ae betshe tera ciachiareibevencyuida tamer sien 92 98 394 99.9 95.2 

Ipalbrs Ql vicceekrls 2 u asrerNtiets e's 91 90 83 100.0 98.0 
Scie Ee ly elite ba RI 93 100 93 100.0 98.8 

1 Based on 14th-day adult emergence and 21st-day examination of testes. 

“ 1 week, adult emergence; 21st-day examination of testes. 

3 100% sterility in 5 of 7 samples. 

than indicated by BWRL data. 

Samples were taken daily by the Baton Rouge 

Laboratory and twice weekly at the BWRL. This 

decreased sampling frequency could result in 

greater variability in the average sterility ob- 

tained at the BWRL. 

Before July 20, males were sterilized with 

0.09% concentration of busulfan in the adult 

diet. After July 20, 0.09% busulfan + 0.4% 

hempa were combined in adult diet to improve 

sterility of both males and females. Sterility 

was improved, based on laboratory bioassays 

and field data. However, the combination of 

chemosterilants increased mortality as shown 

in table 2. 

The lower sterility and greater longevity of 

released weevils (as indicated by BWRL quality 

control data and post-experiment field observa- 

tions) during the last 2 weeks of the experiment 

is believed to be a reflection of lower morale of 

temporary personnel in the mass-rearing facili- 

ty as the PBWEE ended, since the fact that they 

knew they were going to be terminated could 

well have influenced the efficiency of personnel. 

TABLE 2.—Laboratory mortality of sterilized boll 

weevils released on indicated dates in 

PBWEE, 1973 

S i Avg. percent mortality after 
ae sterilization (BWRL) 
periods? 

1 week 2 weeks 3 weeks 

May 31- 

une eterrahy ten ete e ne) ete 45 59 68 

June 14— 
Vulvar peal <i niney 3) 54 69 84 

Velbys -OLO7 sesicaee an eae ee Dil, 72 81 

ENTS AOS 8) Fl co A am 39 56 68 

1 Samples were taken 1 day prior to release of weevils. 

When the various laboratory assays are com- 

pared with field sterility data from the eradica- 

tion area, there is generally a good correlation 

except where obscured by migration. 

Sterile males were released in 1972 and 1973. 

Native boll weevil populations in the eradication 

and first buffer zones in 1972 were too large to 

suppress by releasing sterile male boll weevils. 

In early July, the decision was made to suppress 

the boll weevil population with repeated insecti- 

cide treatments for the remainder of the 1972 

crop season. While sterile males were released 

in some fields during 1972, the evaluation of the 

effectiveness of the sterile releases were con- 

fused by the insecticide treatments in 1972. 

Therefore, evaluation of the effectiveness of the 

sterile-male releases is based on data collected 

in 1973. Because adequate numbers of sterile 

males were not available for release in all fields 

in the eradication and first buffer zones in 1978, 

release rates and location of releases were modi- 

fied to make the most effective use of available 

sterile males. 

The rate of release of sterile males in the 

eradication zone was 100 per acre per week 

except for the week of June 20. During the week 

of June 20, 35 to 50 sterile males per acre were 

released in the eradication zone. During some 

weeks, a few fields in the eradication zone re- 

ceived only 50 sterile males per week. 

The first 5 mi of the first buffer zone, which 

adjoined the eradication zone, received releases 

of sterile males at the rate of 20 to 100 per acre 

per week depending upon the availability of ster- 

ile males. In some weeks, releases were made 

beyond the 5-mi inner part of the first buffer 

zone as availability of sterile male weevils per- 

mitted. When sterile males were not available 

for release in fields in the first buffer zone, and 
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infestations were detected, insecticide treat- 

ments were applied to these fields to suppress 

the boll weevil populations. These procedures 

were necessary to make maximum use of the 

available sterile males and insure adequate re- 

leases in the eradication zone. They represent 

a compromise from the original plan, which call- 

ed for a release of 100 sterile males per acre 

per week in the eradication and first buffer zones 

from June 4 to August 10. 

Effectiveness of Sterile Releases in the Eradi- 

cation Area.—Data on the effectiveness of ster- 

ile releases were confused by the migration of 

mated native female weevils into the northern 

part of the eradication zone—which comprised 

approximately 80% of the acreage. Therefore, 

in the discussion which follows, the area sub- 

jected to sustained migration will be referred 

to as the northern one-third of the eradication 

zone (66 fields). The area where migration had 

little, if any, measurable effect on sterility will 

be referred to as the southern two-thirds (170 

fields) of the eradication zone. The boundary 

between the northern one-third and southern 

two-thirds of the eradication zone is an east- 

west line three-fourths mi south of Jefferson 

Davis-Marion County boundary (northernmost 

part of Marion County). 

As stated earlier, there was excellent agree- 

ment between laboratory assays and field ster- 

ility data until after July 9, when migration 

reduced the percentage of sterility in some fields. 

As shown in table 3, male sterility ranged from 

93% to 95% 3 weeks after the releases in the 

eradication zone as measured by several assays 

from June 18 to July 6. 

As described earlier, boll weevils were initially 

fed adult diet containing 0.09% busulfan. From 

June 14 to June 19, limited egg deposition oc- 

curred in the extreme southern part of the eradi- 

cation zone (unit 1, fields 43 and 45) more than 

11 mi from the nearest location where a native 

boll weevil had been collected in a Leggett trap. 

TABLE 3.—Laboratory assays of sterility of boll 

weevils released June 18—July 6,1973, PBWEE 

Percent sterility based on 

Laboratory Adult emergence Testes examination 

14 days 21 days 14 days 21 days 

BIRT Meee cee ee 95 94 99 93.0 
BRGIRE eee: 99 95.2 
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Field observations indicated egg deposition was 

by several female weevils. Field collections of 

infested squares from these 2 fields contained 5 

larvae and 43 eggs. Eight of these eggs hatched. 

While none of the larvae were reared to the adult 

stage for strain identification, it appeared that 

partially fertile ebony female weevils were re- 

leased by mistake in these fields. (Larvae were 

killed when the air conditioning system failed 

on a weekend.) In order to eliminate these po- 

tential infestations in the trap crops (oviposition 

was entirely in trap crops) they were treated 

twice a week with azinphosmethy] (0.25 lb/acre) 

for 3 weeks. 

The possibility of egg deposition by accident- 

ally-released, partially sterile ebony female wee- 

vils represented a potential source of confusion 

of evaluation techniques (eggs deposited by 

native and ebony females confused). Therefore, 

0.4% hempa was added to 0.09% busulfan in- 

corporated in the adult diet to improve female 

sterility as well as to enhance male sterility. 

This change in chemosterilant procedures began 

on July 20, 19738. 

The northern one-third of the eradication area 

is compared to the southern two-thirds from 

June 14 to July 6 in table 4. The lower percent 

sterility in the southern two-thirds of the eradi- 

cation area was mostly attributed to presence of 

five larvae and eight eggs which hatched in unit 

1, fields 48 and 45. No native weevils were col- 

lected in traps within 10 mi of this location. 

In the field, the cotton crop in the eradication 

area was late and did not begin squaring until 

the first week in July. By the second week in 

July, migrant native female weevils had ade- 

quate squares for oviposition in nearly all fields 

in the eradication zone. At this time, the num- 

ber of larvae in the fields began increasing. How- 

ever, data on the effective sterility is confused 

by migration into the northern one-third of the 

eradication area. If the sterility in the northern 

one-third (20% of the acreage) of the eradica- 

tion area is separated from the southern two- 

thirds, the effect of migration of mated females 

into the eradication area is shown for the period 

July 9 to July 27 in table 5. 

Laboratory assays indicated sterility had been 

improved or maintained in most tests after mid- 

June because of the changes in sterilizing and 

quality-control procedures. A comparison of lab- 

oratory and field assessments of sterility for the 



TABLE 4.—Number of eggs collected, eggs hatched, and larvae, and percent 

sterility in eradication zone, PBWEE, June 14—July 6, 1973 

No. fields (acres) 
awe “tl No. No. No. eggs Percent 

Sreteltensten, Zoe wate larvae eggs hatched sterility 
eggs or larvae 

Soudagnn FB csssscovrdaigosioowossn 16 (120) t 96 8 85 

IN@udaveiay YS) Gob bccoeso0 peo gnib OU 18 ( 83) 1 123 2 97 

Ot Alu ec ee eee 34 (203) 8 219 10 93 

TABLE 5.—Number of eggs collected, eggs hatched, and larvae, and percent 

sterility in eradication zone, PBWEE, July 9-27, 1975 

No. fields 

Eradication zone (acres) with No. Ne No. eggs aires 
larvae eggs hatched sterility 

eggs or larvae 

Southerners ert 10 ( 80) 1 64 0 98.5 
Northern 43) -tyctaier tea Ataleityerer eyes 42 (244) 223 618 24 70.6 

Total 224 682 24 72.6 SUE SO Ee aa eG 52 (324) 

period July 9-27, 1973, is shown in table 6. 

Mortality data for sterilized weevils indicated 

that there was little change in mortality for the 

two periods, June 14 to July 5 and July 9 to July 

27. This would seem to indicate that a fairly uni- 

form rate of sterilization had been achieved. 

The decrease in effective sterility in the fields 

in the northern one-third of the eradication zone 

is a response to the influx of mated native fe- 

males. 

During the final 2 weeks of the Pilot Experi- 

ment (July 30-August 10), sterility in the field 

was much lower than reported in the laboratory 

quality-control experiments. However, if the 

sterility in the field is separated into the south- 

ern two-thirds and northern one-third the effect 

of migration of mated native female weevils 

into the northern one-third of the eradication 

zone can clearly be seen in table 7. 

Of the 12 fields observed to be infested in the 

northern one-third of the eradication zone dur- 

ing the period July 30 to August 10, only 5 had 

infestations which had not been identified pre- 

viously. In searching the fields where infesta- 

tions had been found previously, infested squares 

which had fallen to the ground were collected 

and returned to the laboratory for dissection. 

Many of these contained third instar larvae or 

pupae, and had developed from earlier egg depo- 

sition in the northern one-third of the eradica- 

tion zone. With this bias, the sterility in the 

northern one-third of the eradication zone was 

calculated to be only 37.5%. However, in the 

entire southern two-thirds of the eradication 

zone, only one sterile egg (collected in field 13, 

unit 5) was detected, and the field sterility was 

100% during the final 2 weeks of the experi- 

ment. 

The laboratory and field assays for sterility 

are computed in table 8. As in the sampling 

period of July 9 to July 27, field sterility in the 

southern two-thirds of the eradication zone dur- 

ing the final 2 weeks of the experiment exceeded 

the quality-control data reported by the Baton 

Rouge Laboratory. In the northern one-third of 

the eradication zone, the effective sterility was 

obscured by previous migration. 

Major improvements in sterilizing and releas- 
ing mass-reared sterile boll weevils were made 

as the PBWEE progressed. The development of 

the locomotor test as a rapid assay for sterility 

prior to release, the chemical analysis of chemo- 

sterilants in the adult diet, and the use of the 

ebony strain of boll weevils in the PBWEE made 

possible the continuous assessment of sterility 

in the laboratory and in the field as the experi- 

ment progressed. 

In the PBWEE, the weekly release of 100 

sterile males per acre per week maintained a 

high level of sterility in the released population, 

since almost 100% of the released males were 

sterile during the first week after their release. 

Mortality of 55%, 71%, and 82% after 1, 2, 

and 3 weeks of release, respectively, eliminated 

most of the weevils which might have regained 

fertility. For example, if 100 completely sterile 
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TABLE 6.—Laboratory and field assays of sterility in PBWHE, July 9- 

Ol LOTS 

Percent sterility based on— 

Assay method Field Adult emergence Testes examination 

collections 14 days 21 days 14 days 21 days 

Laboratory: 

BAVA 28 Gr ne nh ees Rae a a ena 90.0 86 90 83.0 
BR GR Teach See ee ae ates Ne OE a apenas 99.6 ee wes 98.0 

Eradication 

zone: 
Southern "240-22 tee 98.5 

Northern 240 cies 70.6 

TABLE 7.—Number of eggs, hatched eggs, and larvae, and percent sterility in 

field, PBWEE, July 30-August 10, 1973 

No. fields (acres ) 

Eradication zone with 

eggs or larvae 

Sonthernussueis ceive ask Sale oes 

Norther) tet ey aan oe sce le 12), ¢55)) 

No. No. No. eggs Percent 

larvae eggs hatched sterility 

0 al 0 100 
53 67 22 87.5 

TABLE 8.—Laboratory and field assays of sterility in PBWEE, July 30- 

August 10, 1973 

Percent sterility based on— 

Assay method Field Adult emergence Testes examination 

collections 14 days 21 days 14 days 21 days 

Laboratory: 

TBA Bed Sys Cire tet ce lag niet ce Uy ie MG at Ie DN 94 72 pa 93 

BUR CURIS eit oe aotetece cart Son eerisiey cis stare ante ee ea 100 ssioa ade 97.5 

Eradication 

zone: 
Southernt2syeanitan frees dee 2 100 
Northern) §4\scioc cs yearns 137.5 

1 Included ground collections of 3d instar larvae and pupae from fields which were being 

treated twice weekly with spray of azinphosmethyl. Therefore, this is not an accurate reflection 
of effective sterility in the fields in the northern one-third of the eradication zone. 

males were released each week, and 45% (100% 

sterile) survived 1 week, 29% (95% sterile) 

survived 2 weeks, and 18% (85% sterile) sur- 

vived 3 weeks, effective sterility would be com- 

puted as in table 9. 

Immediately following a release, effective ster- 

ility would be computed at 98 % . However, 7 days 

later, immediately prior to the next weekly re- 

lease, effective sterility would have dropped to 

95%. The sterility of released sterile males dur- 

ing the first week following their release repre- 

sents the major contribution to the total sterility 

100 

in the field, especially when mortality is high 

1, 2, and 3 weeks after release as in the PBWEE. 

However, when weekly releases are terminated 

before the end of the reproduction period (as 

in the PBWEE), the effective sterility will then 

be a reflection of the sterility of the surviving 

released males. 

Prior to the end of the PBWEE, 227 adults 

were reared from larvae collected in fields in the 

eradication zone. Of these 227 adults, 225 

(99.1%) were native weevils. The other 2 

(0.9% ) were bronze weevils which were both 



TABLE 9.—Theoretical effective sterility in the 

field when 100 sterile males are released per 

week with indicated mortality and recovery 

of fertility 

k No. live Percent No. 

iice released males sterility fertile males 

0 100 100 0 

1 45 100 0 

2 29 95 1.5 

3 18 85 3.0 

Motaleesekicrk 192 98 4.5 

reared from larvae collected in field 35 in unit 

4. None were ebony weevils. 

Following the completion of the PBWEE the 

long-range dispersal study of Cross® showed that 

native boll weevils began migration into the 

eradication zone during the week ending August 

15. This marked the beginning of the normal 

late-summer migration of boll weevils. By Au- 

gust 22 substantial numbers of native weevils 

were captured 15 mi south of the Morgantown, 

Miss., location. Between August 29 and Septem- 

ber 5, 1 native weevil was captured 25 mi south 

of the Morgantown location. 

In-field traps were installed at five randomly 

selected locations in the eradication zone on Au- 

gust 22, 1973. Native weevils were collected with 

in-field traps at two of these five locations on 

August 23, 1978. Ebony weevils were collected 

at one location (field 43, unit 1). The week of 

August 30, Leggett and in-field traps were in- 

stalled around and in 19 additional fields in the 

eradication zone. Of the 23 trapping locations, 

native weevils were collected at 8 of them, in- 

cluding field 43 in unit 1. (Time of this collection 

agrees with the migration pattern established 

by Cross in his boll weevil dispersal study.) 

Ebony weevils were collected at 6 of these 23 

locations during August 27 to August 31. Bronze 

weevils (two) were collected at two locations 

during this same collection period. No other 

bronze weevils were collected at any of these 

locations until the week of September 28, with 

the exception of field 43, unit 1, where the first 

bronze weevil was collected on September 11. 

When all parental matings are considered, the ~ 

5 Cross, “Relative Populations and Suggested Long- 

Range Movements of Boll Weevils Throughout the Area 

of the Pilot Boll Weevil Eradication Experiment As 

Indicated by Traps in 1973”, this volume. 

following are the progeny of boll weevil strains 

which were present in the eradication zone after 

termination of the PBWEE: 

Ebony * ebony=100% ebony. 

Ebony * wild=100% bronze. 

Ebony < bronze=50% ebony, 50% bronze. 

Bronze x bronze=25% ebony, 50% bronze, 

25 % wild. 

Bronze « wild=50% bronze, 50% wild. 

Wild * wild=100% wild. 

On August 28, six larvae were collected in 

three fields (unit 1, field 48; unit 2, field 84; 

and unit 5, field 53) in the eradication zone. 

These larvae were returned to the BWRL where 

they were reared to the adult stage for strain 

identification. Of the six larvae collected, six 

(100% ) were of the ebony strain. These data 

indicate ebony x ebony parents. There was no 

evidence that native or bronze weevils had been 

present at these locations when the PBWEE 

ended on August 10. Quality control data from 

the BWRL showed that the sterility of one group 

of weevils released on August 3 (sampled Au- 

gust 2) was only 60% sterile after 3 weeks 

(based on adult emergence data). Testicular ex- 
aminations showed 7% had recovered fertility 

3 weeks after sterilization. Mortality after 3 

weeks was 43 % (corrected by Abbott’s formula) 

in the sample used for quality control. If 2 of 

the 24 treated weevils which survived regained 

fertility at 21 days after treatment, it is pos- 

sible that these 2 fertile males could have mated 

with a number of the virgin females which would 

account for the 60% sterility obtained by adult 

emergence data. Quality control data on sexing 

by the BWRL indicated that 4% of the weevils 

released on August 3 were females. 

Similarly, adult emergence data (BWRL) for 

weevils released on August 7 (sampled August 

6) indicated 84% sterility after 3 weeks. Testic- 

ular examinations of surviving weevils indicated 

that 7% had regained fertility. There were 14 

treated survivors 21 days after treatment. There- 

fore, one male regained fertility and perhaps 

mated with more than one of the virgin female 

weevils, which could account for the lower per- 

centage of sterility based on adult emergence 

data. These same quality control data indicate 

that 5% of the weevils released on August 7 were 

females. 
As mentioned earlier, the morale of tempo- 

rary employees who reared, sexed, and sterilized 
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boll weevils, may have dropped as they neared 

the termination date of their employment and 

could have detrimentally affected the quality of 

the sterilized weevils released during the last 

10 days of the PBWEE. 

With a high degree of effective male sterility 

during a weekly release program, the accidental 

release of 1% females will have little if any 

effect on reproduction because of the high level 

of effective sterility in the released sterile males. 

The absence of ebony adults developing from 

larval collections during the period of weekly 

102 

releases clearly indicates that the release of 1% 

female weevils had no effect on reproduction su 

long as releases were made weekly. However, 

measurable ebony populations following the 

termination of sterile-male releases indicate 

(1) effective male sterility decreased as re- 

leases ended, and (2) the importance of acci- 

dently released, partially sterilized females in- 

creases when releases are terminated. If re- 

leases of sterile males had continued, a high level 

of effective sterility would likely have continued 

as well. 



RELATIVE POPULATIONS AND SUGGESTED 

LONG-RANGE MOVEMENTS OF BOLL WEEVILS 

THROUGHOUT THE AREA OF THE PILOT BOLL 

WEEVIL ERADICATION EXPERIMENT AS INDICATED 

BY TRAPS IN 1973 

By W. H. Cross! 

During 1973, Leggett traps were used exten- 

sively for survey of native overwintered and sub- 

sequent generations of the boll weevil through- 

out the area of the Pilot Boll Weevil Eradication 

Experiment (PBWEE) to indicate relative pop- 

ulation levels and long-range movement in the 

different zones. Trap sites were located in radiat- 

ing lines at 5-mi intervals from Morgantown, 

Miss., near the center of the core (zone 1). Some 

changes in trap sites were made during the year. 

During April, sites were located in zones III, 

IV, V, and the northeast corner of II. By May 

2, 40 sites were established one or more miles 

from cottonfields and 32, adjacent to 1972 or 

1972-73 cottonfields. During May, 27 additional 

noncottonfield-oriented sites were located in or 

near zones I and II. Through August 1, these 99 

sites each included 10 traps (placed 20 to 35 ft 

apart in a row) which were checked for weevils 

and rebaited with grandlure weekly. 

After August 1, the number of traps per site 

was reduced to five, sites in zones IV and V 

were eliminated, two sites were moved a mile 

from 1973 cotton, and about eight new sites 

were added. This resulted in 60 noncottonfield- 

oriented sites in the revised grid. Then beginning 

August 22, 29 additional sites were located to 

75 mi south of Morgantown along each side of the 
Pear] River. 

During the year, the Animal and Plant Health 

Inspection Service (APHIS) operated traps 

1 Research entomologist, Boll Weevil Research Lab- 

oratory, Agricultural Research Service, U.S. Depart- 

ment of Agriculture, Mississippi State, Miss. 39762. 

around 1972, 1972-73, or 1973 cottonfields as 

follows: 2,850 in zone I, 4,679 in zone II, and 

561 in zone III. Numbers of boll weevils cap- 

tured per 10 traps and averaged by units in these 

zones were compared with captures by the above 

trap sites. Maps were prepared showing the total 

numbers of boll weevils captured at each site 

each week beginning April 11. For the purpose 

of the present report it seems adequate to depict 

captures for the following more critical periods: 

May 16-23 (fig. 1): Emergence of overwin- 

tered boll weevils was well advanced, with higher 

numbers being captured by sites at 1972 cotton- 

field locations. Small numbers of adults were 

captured by APHIS traps only in units 3-6 in 

zone I and units 2—6 in zone II. However, no 

captures throughout zone I and none in all but 

the northeast corner of zone II by noncotton- 

field-oriented traps, suggested little long-range 

movement into the area by this period. 

June 6-13 (fig. 2): A peak in emergence of 

overwintered weevils was indicated by trap cap- 

tures, and many noncottonfield-oriented sites in 

zones III, IV, and V captured large numbers of 

weevils, suggesting considerable movement 

away from 1972 fields. Most interesting were the 

high numbers captured by APHIS traps in 

north-central zone III and the decreasing gradi- 

ent of captures into zone I, especially to the south 

of this highly infested area in zone III. 

July 4-11 (fig. 3): Trap captures in all areas 

were reduced which is typical of this period of 

the year during reproduction of the boll weevil. 

Only 5 weevils were captured in zone I and three 

in zone II by noncottonfield-oriented traps. 
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July 25-August 1 (fig. 4): Captures were 

further reduced at almost every site. Noncotton- 

field sites in zones I and II were all negative, 

and APHIS traps indicated only a trace of adult 

weevils in units 2 and 4 in zone I and units 2 and 

3 in zone II. 

August 1-8 (fig. 5): Sites in zone I were 

still negative, but beginning of fall migration 

was indicated by captures in zone II. 

August 15-22 (fig. 6): Considerably in- 

creased overall captures and a clear gradient of 

decreasing captures into the center of zone I 

suggested long-range movement from outside, 

especially from north central areas. 

September 12-19 (fig. 7): In this week, peak 

captures occurred during the fall migratory 

period; a gradient was still evident into the cen- 

MAY %—23,1973 

FIGURE 1.—Numbers of boll weevils/10 Leggett traps, May 16-23, 1978. 

ter of zone I of the PBWEE; and movement even 

south of Morgantown was shown by the newly 

located line of traps aloiug the Pearl River. 

It is concluded that at least most of the adult 

boll weevils captured by noncottonfield-oriented 

traps in zone I during June, and again in Au- 

gust, were migrants from outside the area. This 

is supported by the negative captures before both 

of these periods, and by the gradient of decreas- 

ing captures toward the center of zone I during 

the periods. Of more interest, however, is the 

fact that 28 noncottonfield sites in zones I and 

II captured no weevils during the last week in 

July, while in the same period, 11 of 38 noncot- 

tonfield-oriented sites in zones III, IV, and V 

captured weevils. 
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INTENSIVE SAMPLING OF TWENTY-FIVE SELECTED 

FIELDS IN ERADICATION AND FIRST BUFFER AREAS 

OF THE PILOT BOLL WEEVIL ERADICATION 

EXPERIMENT IN 1973 

By E. P. Lloyd and W. P. Scotti 

Twenty-five fields were selected in the eradi- 

cation (zone I) and first buffer (zone II) areas 

of the Pilot Boll Weevil Eradication Experiment 

(PBWEE) for intensive sampling to detect the 

presence of low-density boll weevil populations 

in these fields from early June until the experi- 

ment was terminated August 10. The secondary 

objective of this study was to determine the rela- 

tive abundance of boll weevils in the trap crops 

and normal plantings as the season progressed. 

Locations of the 25 fields selected for intensive 

sampling are shown in figure 1. 

Criteria for evaluation—The intensive sam- 

pling was accomplished with six tractor-mounted 

insect-collecting machines of the type shown in 

figure 2. These insect-collecting machines not 

only collect adult boll weevils from the plants, 

but from infested flared squares as well. 

Estimates of the size of the adult populations 

in the normal plantings can be made by dividing 

the number of adult boll weevils collected per 

acre by the average machine efficiency (65%). 

As the season progresses, however, machine ef- 

ficiency in collection of adult boll weevils de- 

creases, since most of the weevils are inside the 

bracts of the squares. Since the machines also 

collect infested flared squares, estimates of the 

size of the infesting population of adult boll wee- 

vils can be made from the number of infested 

flared squares by the following computations: 

No. of adult boll weevils/acre — 

No. infested squares / acre . machine 

No. eggs laid/female/day © efficiency ~*~ 

1Research entomologists, Boll Weevil Research Lab- 

oratory, Agricultural Research Service, U.S. Depart- 

ment of Agriculture, Mississippi State, Miss. 39762. 
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In this equation the number of eggs laid per 

day per female is used as the divisor since flared 

squares usually remain on the plant 1 day after 

the abscission layer is formed prior to shed. Ma- 

chine efficiency in collecting flared squares is 

approximately 80% under average field condi- 

tions. The equation is multiplied by 2 to account 

for male as well as female boll weevils, assuming 

a 50:50 sex ratio. 

If one infested flared square was collected per 

acre, the following computations would be made 

to estimate the size of the adult boll weevil popu- 

lation: 

No. of adults/acre = 
1/7-.8 X 2=.34 adult weevils/acre. 

Therefore, if only one infested square were col- 

lected in an acre sample, the adult population 

would be estimated to number one per 3 acres of 

cotton. If one square were collected on 18 acres 

of cotton, the confidence level would increase to 

one adult weevil per 54 acres of cotton. 

These calculations represent only the random 

sampling of 1 acre in each field each week in the 

eight fields sampled intensively in zone I. Since 

l-acre samples were taken once each week in 

each of the fields, an average of three samples 

per generation was taken for the overwintered 

generation, as well as for the first and seasonal 

field generations. Assuming an average 10-fold 

rate of increase per generation, the probability 

of collecting first generation weevils was 10 

times that of finding an overwintered weevil. 

Similarly, the probability of recovering a second 

generation weevil was 100 times as great as re- 

covering an overwintered weevil. 

The insect-collecting machines were used to 

sample the entire trap crop in each of the 25 



#2) 

—7 

The) 

FIGURE 1.—Location of fields sampled intensively in zones I and II in 1973, PBWEE. 

FIGURE 2.—McCoy insect-collecting machine used in intensive sampling, PBWEE, southern Mississippi, 1978. 
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fields intensively sampled. Machines sampled 
these trap crops 5 days each week during the 
9-week sampling period. Trap crops averaged 
one-fifth acre in size. Previous studies indicated 
that most of the overwintered weevils move into 
the trap crops prior to fruiting in the normal 
plantings. Because this bias was introduced into 
the sampling method, precise estimation of the 
size of boll weevil populations was very difficult. 
However, this bias increased the probability of 
detecting boll weevil populations. 

In the case of the experiment reported here, 
detection (presence or absence) is of primary 

importance. For this reason, emphasis was 

placed on detection rather than precise estimates 
of the size of the boll weevil population during 
the period of evaluation. 

Detection of infestations—Boll weevils were 

detected in every field sampled in the first buffer 

area except in unit 1, field 21, as shown in table 1. 

The weevil-free location was in Lincoln County 

(western part of first huffer area) and was not 

located in close proximity to the heavily infested 

fields in zone III, unit 4, as were the other six 

locations in zone IT. Boll weevil populations were 

suppressed in the first buffer area to a low level 

with insecticide treatments. These treatments 

were terminated about August 10. 

Adult boll weevils were detected in 6 of the 

18 fields in the eradication area (zone I), as 

table 2 shows. Boll weevil populations in the two 

northernmost fields in zone I (unit 4, fields 110 

and 119) were suppressed with insecticide treat- 

ments. Boll weevil infestations detected in the 

other four fields (unit 3, field 19; unit 5, field 

102; unit 6, fields 61 and 89) were eliminated 

with sterile male weevils, trap crops or both, 

or With traps. Boll weevils were not detected in 

the other 12 fields subjected to intensive sam- 

pling. All of these were in the southern two- 

thirds of zone I. 

Of the 11 native adult boll weevils collected 

in the eradication area, 10 were collected from 

the trap crops. The native adult boll weevil col- 

lected in the normal planting was at field 61 in 

unit 6. This field was planted on April 12, the 

earliest planting in the area. Because of cold 

weather in April which caused seedling damage, 

all but 2 acres of this 30-acre field were replanted 

in May. The native weevil collected in this nor- 

mal planting during the last week in June was 

collected from the 2 acres of the April 12th 

planting which had survived the adverse weath- 

er. In the same collection were 43 sterile male 

TABLE 1.—Intensive machine sampling of trap crops and normal plantings 

in seven fields in zone II inthe PBWEE, 1973 

Trap crop Normal plantings 

Date No. No. (larvae) No. No. 

weevils! infested sqs. weevils! infested sqs. 

[oboe 7 226s) ene eide cio BieolKIa DS Sal INE 0 sed he un 

June wD Ohare yp-lteystatis = Son SUMING 0 1 N38 0 
[fbtarey Ale A seh oon ooo eben 15 S, 5 Nt 43 0 0 

Junci25200). cena: 8 S, 6 NS 512 6S,2N 0 
[eww Ce curels wooedasus 3) S52) NG 6] OS. ALIN 0 
Molly?) “CIR seudecadcamogae Dit JL INC 77 eS 0 

uly e629 OW eect see ms s9 95 0 

July 292 7g ere ee 1 N9 0 1S 0 
July 230=Aug aoe cer ae GES 0 2S, '3 Nto 0 

1 N=native boll weevil; S =sterile boll weevil. 

2 Collected in unit 4, field 112. 

3 Collected in unit 2, field 101; unit 3, field 119; unit 4, field 112; unit 5, field 110. 

4 Collected in unit 3, field 119; unit 4, field 86, and unit 5, field 110. Larvae collected in unit 5, 

field 110. 

5 N collected in unit 3, field 119; unit 4, field 86, and unit 5, field 110. Larvae collected in 

unit 2, field 101; unit 5, field 110, and unit 6, field 5. 

6 N collected in unit 4, fields 86 and 12. Larvae collected in unit 2, field 101. 

7 N collected in unit 5, field 110. Larvae collected in unit 2, field 101, and unit 3, field 119. 

§ Larvae collected in unit 2, field 101. 

9 N collected in unit 2, field 101. 

10 N collected in unit 2, field 101, unit 3, field 119, and unit 4, field 112. 
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TABLE 2.—Intensive machine sampling of trap crops and normal plantings 

in 18 fields in zonel inthe PBWEE, 1973 

Trap crop Normal plantings 

Date No. No. (larvae) No. No. 

weevils! infested sqs. weevils! infested sqs. 

June 4 8 ..............5.. 29 S 0 Fed a 

une lls esaeryatcytoriensilc 803 S, 6 N2 0 19 S 0 
June vl B= OD ueveyaceis.- se epercts sess 312 S, 1 N38 0 43 § 0 
fune125=29 eee ecto aaa 222 S, 2 N4 1 54 S, 1 N4 0 
uly MRO Gie ence Samet: 84 S 0 10 S 0 
july mos Omre ror ere ce 21S SINS 3.0 9S 0 
Nullvanl Ga 20M rte icine iiss: 6S 3] 128 0 

fal Sieh oc etary dain gare 4S 0 28 0 
July! SO=AUGNS) ou ca feel 4S 0 0 0 

1 N=native boll weevil; S=sterile boll weevil. 

2 Collected in unit 3, field 19; unit 4, fields 110 and 119; unit 5, field 102; unit 6, fields 61 and 

89. 

3 Collected in unit 6, field 89. 

4N collected in unit 4, field 110; and unit 6, fields 61 and 89; larva collected in unit 6, field 61. 

5 Collected in unit 3, field 19. 

6 Collected in unit 4, field 110. 

boll weevils. No other native adults or infested 

squares were detected in the field for the re- 

mainder of the season. The field was not treated 

with insecticides, and we assume that the popu- 

lation was eliminated with sterile-male releases, 

since a native female weevil was collected in the 

normal plantings. 

One native female boll weevil was collected 

on July 12 in a trap crop in unit 3, field 19. This 

native female weevil was confined on cotton 

squares for egg laying. None of these eggs hatch- 

ed. 

Two infested squares were collected from trap 

crops. One was collected during the last week 

in June from unit 6, field 61. The trap crop only 

was treated with insecticides. No adult native 

weevils nor infested squares were detected in 

this field for the remainder of the sampling 

period. 

The other infested square collected during the 

week of July 16-20 was from unit 4, field 110, 

the northernmost field sampled in the eradica- 

tion area. Since there was considerable evidence 

from other sources that migration of weevils had 

occurred into the northern one-third of the eradi- 

cation area, this field was treated twice weekly 

with sprays of azinphosmethyl. 

Intensive sampling with the insect-collecting 

machines was compared with the other methods 

used to detect boll weevil infestations in the 

PBWEE, which included Leggett traps, adult 

surveys, and larval surveys. The four sampling 

methods are compared by units in table 3. 

In unit 1, in the four intensively sampled fields, 

no weevils were detected by intensive sampling, 

by traps, by adult surveys, or larval surveys. 

Similarly, in unit 2, in the four fields intensively 

sampled, no weevils were detected by any of the 

sampling methods. 

In unit 3, two fields were sampled intensively, 

and in one field, two adults were detected in the 

trap crop by intensive sampling. In the same 

field, four weevils were collected in traps, but 

no other adults or larvae were collected in visual 

surveys. In the second intensively sampled field 

in this unit, weevils were not detected by any 

sampling method. 

In unit 4, in the two intensively sampled fields, 

adult weevils were detected in both fields by in- 

tensive sampling. (One larva was also collected 

in one of these fields by intensive sampling.) 

Weevils were captured in traps at both of these 

fields. Adult weevils were not detected by field 

surveys, but larvae were detected in one of the 

fields during weekly surveys. Both of these fields 

received insecticide treatments to suppress the 

boll weevil population. 

In unit 5, in the two intensively sampled fields, 

one adult weevil was collected in one of the fields 

by intensive sampling. A total of three weevils 
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TABLE 3.—Boll weevils detected in 18 intensively sampled fields in eradica- 

tion area, June 4-Aug. 3, 1973 

Sampling method 
Work unit 

. Intensive Leggett Adult Larval 

& Held. Ne. sampling traps surveys surveys 

Unit 1: 

Mieldiy SSO waste cee eeloe s ccberstatee: 0 0) 0 0 

SU ee meme WIRES Hak 0 0 0 0 
OAT GANS Fone rie ER Pace EEC Ghee Hise 0 0 0 0 

ON ie te anda Nia peWaeteellaivaics caueuetseraene 0) 0) @) 0) 

Unit 2: 
HEGTAtAO Me ne ee eee ey 0 0 0 0 

Se ee EN SEER ARE EL IO 0 0 0 0 
ote ei emrare ee 0 0 0 0 

LOT ck Aaa seen meee 0 0 0 0 
Unit 3: 

icles O cae ate aks sein a ceeeere 2 4 0 0 
LOD cee ene 0 0 0 

Unit 4: 
isle ele eal ee ae tae. 1] ll 0 D) 

ste eee ee ee ee 1 9 0 0 
Unit 5: 

Biel center recep ce ter mcrace tate 0 0 

TOO te este ek eed ee it 2 0 0 
Unit 6: 

Biel iO Ome nertces). te Selects sclstee ieee 0 0 0 0 

OY ch irinon oe ani tiotua oust 0 0 0 0 

Gl anne gh oN, 1] 1 0 l 
Boden yaks cane ates eer 2 0 0 0 

1 Larva dissected from collected square also. 

were collected in traps at these two fields during 

the 1973 season. Neither adult weevils nor larvae 

were detected by field surveys. 

In unit 6, in the four fields sampled inten- 

sively, weevils were not detected by any detection 

method in the two southernmost fields in the 

unit. In field 61, weevils were detected by in- 

tensive sampling (two adults, one larva), traps 

(one weevil), and by larval surveys (one larva). 

In the other field (89) one adult weevil was 

collected by intensive sampling in the trap crop. 

The latter field was the only instance in which 

weevils were detected by intensive sampling and 

by no other sampling method. With this excep- 

tion there is excellent agreement of detection 

procedures. 



EFFECTS OF THE PILOT BOLL WEEVIL ERADICATION 

EXPERIMENT ON NONTARGET SPECIES’ 

By F. A. Harris,? K. K. Shaunak,? C. A. Wilson,? G. A. Hurst,’ and C. L. Simmons? 

A study of the impact of an eradication pro- 

gram on nontarget species is an important and 

necessary part of any pilot experiment which 

may lead to large programs. The Environmental 

Protection Agency requires an environmental 

impact statement before it will approve pro- 

grams such as an attempt to eradicate the boll 

weevil throughout the Cotton Belt. Furthermore, 

the side effects from an eradication program 

must be figured into the assessment of costs and 

expected benefits of the program. Thus, the side 

effects of the Pilot Boll Weevil Eradication Ex- 

periment (PBWEE) on certain nontarget or- 

ganisms were monitored. The monitoring activi- 

ties were concentrated in the following three 

areas: (1) Impact on cottonfield-inhabiting non- 

target insect species, including both insect pest 

species and natural enemies; (2) impact on 

honey bees frequenting cottonfields from bee- 

hives in the vicinity; and (3) impact on nontar- 

get wildlife species. Each of these areas will be 

addressed as separate sections of this report. 

IMPACT ON NONTARGET 
INSECTS IN COTTON 

The most important nontarget (in respect to 

the PBWEE) insect pests on cotton in the Mid- 

south are the bollworm, Heliothis zea (Boddie), 

and the tobacco budworm, H. virescens (F.) 

These two species and their natural enemies 

1 These investigations were supported by U.S. De- 

partment of Agriculture (USDA) Cooperative State 

Research Service, Grant No. 216-15-94; and USDA 

Agricultural Research Service, Cooperative Agreement 

No. 12—14-100-10, 655 (338). 

2Associate professor, research associate, professor, and 

graduate research assistant, respectively, Department 

of Entomology, Mississippi Agricultural and Forestry 

Experiment Station, Mississippi State, Miss. 39762. 

3 Associate professor, Department of Wildlife and 

Fisheries, Mississippi Agricultural and Forestry Experi- 

ment Station, Mississippi State, Miss. 39762. 

were therefore of primary interest in this study. 

Insecticides applied for boll weevil control reduce 

populations of arthropod predators and parasites 

that normally regulate Heliothis populations in 

cotton. Evidence of natural regulation of Helio- 

this larvae in cotton by arthropod predators and 

parasites has been documented by many re- 

searchers (Ewing and Ivy 1948; Lingren et al. 

1968; Laster and Brazzel 1968; Ridgway et al. 

1968; Lewis and Brazzel 1968). These evidences 

have suggested that if the boll weevil is removed 

from its position as a key pest in cotton, and 

insecticides for boll weevil control are elimi- 

nated, the cotton agroecosystem will revert to a 

natural balance in which bollworm and tobacco 

budworm populations will fluctuate below 

economic threshold levels during most of the 

growing season. On the other hand, few assess- 

ments have been made of the pest status of the 

tarnished plant bug, Lygus lineolaris, and cotton 

fleahopper, Pseudatomoscelis seriatus, in the 

absence of cotton insecticide regimes in the Mid- 

south. 

Methods 
The impact of the eradication experiment on 

Heliothis spp., tarnished plant bug, cotton flea- 

hopper, and natural enemies was assessed by 

taking samples from June to October 1971, 1972, 

and 1973. The samples were taken in the eradica- 

tion zone and in an area designated normal, 

where cotton-insect control was carried out by 

growers in their usual manner. Samples were 

taken in 4 to 12 fields (field size 6-10 acres) 

each week in each of the 2 areas. 

Sampling consisted of (1) whole-plant exami- 

nation of cotton on 50 row-ft/field for Heliothis 

eggs, larvae, and damaged fruit, and (2) vacuum 

sampling of 100 ft?/field with a D-Vac for tarn- 

ished plant bugs, cotton fleahoppers, and natural 

enemies. 
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The fields involved in these samples received 
the following treatments in the eradication zone: 
(1970) Seven applications of ULV malathion 
(1.25 lb/acre) between September 9 and Novem- 
ber 9. (1971) Twelve applications of ULV mala- 
thion (1.25 lb/acre) between August 9 and Octo- 
ber 15. (1972) In-furrow and sidedress appli- 
cations of aldicarb to the trap crop, i.e., 2 %-3 % 
of each field. Weekly applications of foliar in- 
secticides to the trap crops. One pinhead square 
stage application of malathion or azinphos- 

methyl, 1 application of toxaphene-DDT-methy] 
parathion, 1 application of DDT-azinphosmethy], 

and 16 applications of azinphosmethyl (0.25 
Ib/acre) between July 15 and November 26. 
(1973) In-furrow and sidedress applications of 

aldicarb to the trap crops, and some foliar ap- 

plications to trap crops only. 

Sampling was terminated in 1973 in fields 

that received broadcast applications of insecti- 

cide. Thus, data in 1973 represent no-insecticide 

situations except for that applied to the trap crop 

in 2%-3 % of each field, whereas the 1972 data 

represent heavy insecticide use. 

The 1971 and 1972 records of treatment do 
not show in-season treatments applied by the 

farmer. 

Treatments applied to fields in the “normal” 

area consisted of various numbers of applica- 

tions of several recommended insecticides as fol- 

lows: (1970-1972) Applications ranged in num- 

ber from 0 to 9 of toxaphene-DDT-methy] para- 

thion mixture, or carbaryl, or methy] parathion- 

EPN mixture, or methy] parathion alone. (1973) 

Applications were predominantly azinphos- 

methyl and ranged in number from four to six. 

Results 
The data were summarized as seasonal aver- 

ages for 1971, 1972, and 1973. The data 

shown in figures 1-4 are for selected groups of 

predators and show the impact of the eradica- 

tion program on these natural enemies. 

Coccinellids (fig. 1) in 1971 averaged less 

than 100/acre in both the normal and the eradi- 

cation areas. In 1972 the heavy insecticide pres- 

sure in the eradication area resulted in a sea- 

sonal average coccinellid density of approximate- 

ly 275/acre, while in the still relatively heavily 

insecticide-treated “normal” area, the density 

of coccinellids was more than five times greater. 

In 1973, under essentially no insecticide pres- 

sure, the coccinellids recovered in the eradica- 
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Coccinellids: x 

No. / Acre 

1971 1972 1973 

FIGURE 1.—Seasonal average coccinellid densities in cot- 

tonfields in the eradication area and in a normal 
treated area. 
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FIGURE 2.—Seasonal average Geocoris densities in cot- 

tonfields in the eradication area and in a normal 

treated area. 

Spiders: x 

No. / Acre 

1971 1972 1973 

FIGURE 3.—Seasonal average spider densities in cotton- 

fields in the eradication area and in a normal 

treated area. 



All Predators: X 

1971 1972 1973 

FIGURE 4.—Seasonal average densities of all predators 

in cottonfields in the eradication area and in a 

normal treated area. 

800 Heliothis larvae: x 
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1971 1972 1973 

FIGURE 5.—Seasonal average Heliothis spp. larval densi- 

ties in cottonfields in the eradication area and in a 

normal treated area. 

No. / Acre 

1971 1972 1973 

FIGURE 6.—Seasonal average densities of Lygus lineo- 

laris in cottonfields in the eradication area and in 

a normal treated area. 

tion area and the situation reversed itself. Popu- 

lations were higher in the no-insecticide eradica- 

tion area (about 1,400/acre) than in normal area 

where in-season insecticides were used (about 

750/acre). 

Geocoris (fig. 2) and spiders (fig. 3) and 

other predator groups showed similar patterns 

during the 3-year period. A summary of effects 

on all predators is shown in figure 4. The 1971 

predator density was approximately 300/acre 

in both areas. In 1972, under heavy insecticide 

pressure, the predator population in the eradica- 

tion area was approximately 2,000/acre, or ap- 

proximately 40% as high as the population den- 

sity of approximately 5,000/acre in the “normal” 

area. These data also indicated a reversal of the 

situation in 1973, when under no insecticides 

the predators recovered and their populations 

were approximately 36% higher than in the 

“normal” area. 

The summary data of the Heliothis popula- 

tions (fig. 5) show an inverse relationship to 

the predator populations. In 1972, under heavy 

insecticide pressure, the Heliothis population 

was much higher in the eradication area than 

in the “normal” area, while in 1973, under no 

insecticide pressure, Heliothis populations were 

lower in the eradication area than in the insecti- 

cide-treated ‘normal’ area. 

These data support our hypothesis that under 

no in-season insecticide regimes, the natural 

enemies of Heliothis spp. will regulate popula- 

tion fluctuations within levels considerably be- 

low that now observed in most insecticide pro- 

grams. 

Tarnished plant bug (fig. 6) and cotton flea- 

hopper infestations never reached very high pop- 

ulation density levels in any of the fields sur- 

veyed. However, these seasonal average data do 

show that in 1978, under no insecticide treat- 

ments in the eradication area, the tarnished plant 

bugs reached densities almost double that seen 

in the insecticide treated fields of the ‘normal’ 

area. Data from tests on untreated cotton in the 

Mississippi Delta in 1973 show that seasonal 

average densities of fleahoppers and tarnished 

plant bugs together exceeded 12,000 bugs/acre. 

This indicates that these mirids may become in- 

creasingly significant cotton pests in the Mid- 

south, if and when the need for boll weevil in- 

secticides is alleviated. 

Increased Heliothis populations were observed 
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in fields receiving malathion or azinphosmethyl 

reproduction-diapause control treatments in the 

fall of 1970, 1971, and 1972 in the PBWEE. This 

phenomenon was reported by Bottrell (1969) 

from observations in the High Plains reproduc- 

tion-diapause boll weevil control programs in 

1967 and 1968. He observed the increased 

Heliothis populations in fall-treated fields, but 

could measure no effect on size of Heliothis popu- 

lations the following spring. In the south Mis- 

Sissippl experiment some pertinent observations 

were made relative to these increased Heliothis 

infestations in reproduction-diapause control 

areas. First, collections of larvae and pupae in- 

dicated a high incidence of disease in these popu- 

lations which caused approximately 40% mor- 

tality in larvae and approximately 30 % in pupae. 

The disease-causing organisms were predomi- 

nantly the fungus Spicaria rileyii and the proto- 

zoan Nosema heliothidis. Second, soil samples 

in cotton, corn, and soybean fields suggested 

higher diapausing pupal populations of both H. 

virescens and H. zea in the reproduction-dia- 

pause control area than in an untreated area. 

The tobacco budworms in the corn were observed 

to have developed on a wild host, small flower 

morningglory, Jacquemontia tamnifolia (L.) 

Griseb., which was abundant in the fields. The 

soil-sampling procedure was inadequate to ob- 

tain good pupal population estimates. However, 

the indication of possible increased Heliothis 

populations with fall-applied insecticides in cot- 

ton is sufficient to warrant further attention to 

the problem. A small, subtle increase in Heliothis 

populations each year for several years could 

create a significantly increased cotton pest prob- 

lem. 

IMPACT ON HONEY BEES 
Effects of the PBWEE on honey bees, Apis 

mellifera, were monitored during 1972. This 

study was important for several reasons: 

(1) The honey bee is especially susceptible to 

currently used cotton pesticides, (2) the honey 

bee visits cotton extensively for nectar when 

cotton is in the bloom stage, and (3) extensive 

commercial beekeeping is carried out in many 

areas of the Cotton Belt. 

Methods 

The experiment was designed to compare the 

effects of the treatments in the boll weevil eradi- 

cation area with the “normal” recommended in- 

season control program of growers outside the 
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eradication experiment area. 

Beehives used in the experiment were the 

standard Langstroth type, and Italian strain 

bees were used throughout the experiment. All 

supplies and bees were acquired from com- 

mercial suppliers. 

The data were obtained from studies of four 

fields in the eradication area and two fields in 

a “normal” area. Hives were placed at five dis- 

tances from each field in both a northernly and 

a southernly direction. The closest hives were 

adjacent to the field; more distant hives were 

at 300, 600, 1,200 and 2,100 feet from the field 

in each direction. Data reported here are (1) ob- 

served worker mortality, (2) brood production, 

and (3) hive weight. 

Observed worker mortality was rated on a 

4-point scale, where 1 was very light, 2 was light, 

3 was moderate, and 4 was heavy. 

Brood production was measured as the num- 

ber of frames and fractions of frames contain- 

ing brood in each hive. 

Hive weight was measured with a scale and 

was a true measure of total hive weight, both 

structure and contents. 

Insecticides in the 4 eradication-area fields 

consisted of 16 applications of azinphosmethyl 

(0.25 lb/acre) by aircraft, and varying num- 

bers (0 to 12) of peripheral spray treatments 

by ground sprayer. The treatment period ex- 

tended from early July through mid-October. 

Insecticides applied to the ‘“normal’’ fields 

were 8 in one field, applied from late July 

through mid-September, and 14 in the other 

field, applied from late July through late Octo- 

ber. Insecticides used on these fields varied, and 

consisted of methyl parathion alone, toxaphene- 

methyl parathion mixture, toxaphene-DDT- 

methyl parathion mixture, and in one case a 

monocrotophos treatment. 

Results 

Data of bee kills during 1972 show a much 

higher average kill rating of about 1.5 for the 

“normal” area compared to the average 0.7 rat- 

ing for the eradication area. These data reflect 
the greater mortality caused by the organochlo- 

rine insecticides used in the “normal” control 

area. Caution should be used in interpreting 

these data since rapid bee kill by organophos- 

phorus insecticides may make them slightly mis- 

representative. Rapid kill may have prevented 

some bees from returning to the hives located 



at the varying distances away from the field, 

and consequently their mortality would not be 

reflected in the ratings. 

A summary of bee-kill ratings by months 

(table 1) shows similar mortality in the eradi- 

cation and “normal” areas in July when only 

organophosphorus insecticides were used in both 

areas. In August the “normal”’ area kills increas- 

ed when the farmers began applications of the 

organochlorine-organophosphorus insecticide 

mixtures. 

The data indicate decreasing rates of kill at 

increasing distances away from the treated cot- 

tonfield (table 2). However, the hives ati the 

greatest distance of 2,100 feet from the field 

were within foraging range of worker bees, 

which could have easily visited the treated fields, 

contacted the poison, and died before returning 

to the hive. 

Brood production data for hives at various dis- 

tances from the treated fields showed no dif- 

ferences in brood production attributable to dis- 

tance (table 3). 

The data on monthly hive weights (table 4) 

indicate that hive weights were heavier in the 

“normal” areas. If the worker mortality obser- 

vation is a valid measure of actual bee kill by 

the various treatments, these data indicate a 

rapid buildup in honey stores in July, followed 

by heavy worker kill, with the consequence that 

honey use in the hives went down, leaving a large 

accumulation of honey to be weighed month after 

month. 

The results of this study indicate that honey 

bees are less affected by the organophosphorus 

insecticides used in the eradication experiment 

than by the organochlorine-organophosphorus 

mixture used under “normal” conditions. 

IMPACT ON WILDLIFE SPECIES 
The project to evaluate the impact of the 

PBWEE on wildlife consisted of field and lab- 
oratory phases. 

The field work was compiled by Roach (1973). 
The field phase included both monitoring and 
experimental projects. Searches of 44 trap-crop 

plots (aldicarb) yielded only one dead bird. 

Cause of death was unknown. A total of 2,554 

hours (involving 99.6 acres of trap crops) were 

spent searching cottonfields after insecticide ap- 

plication for dead or affected vertebrates. Two 

toads, three birds, and two snakes were found. 

Cause of death could not be exactly determined, 

but high levels of DDT and toxaphene were found 

in several of the dead vertebrates. A study of the 

vertebrate species using cottonfields was made. 

Many birds and several mammals regularly used 

cottonfields. One lizard and several amphibians 

were also found in cottonfields. Feeding chemo- 

TABLE 1.—Monthly average bee-kill ratings in 

the eradication area and in a normal area 

Bee-kill rating? 

Month Eradication Normal 

area area 

[hbhoYet- Dist ganic dorama same @) @) 

iwully, seeacbeabou dboveou andr 1.6 ETE 
INE, co pudeaeo toacase Raced ial 2.8 

Septyl scideypecidacios ete seeds A 1.9 

OCEAN Sen ae 4 IRD, 

1 ]1=very light, 2=light, 3 =moderate, 4=heavy. 

TABLE 2.—Seasonal and area average bee-kill 

ratings at various distances from treated 

fields 

Distance (ft) Rating? 

0 1.4 

~ 300 1.0 

600 9 

1,200 a) 

2,100 att 

11 =~very light, 2=light, 3 =moderate, 4=heavy. 

TABLE 3.—Seasonal and area average brood pro- 

duction measurements at various distances 

from treated fields 

Distance (ft) Brood production! 

0 5.8 
300 6.2 
600 6.1 

1,200 6.2 

2,100 5.9 

1 Number of frames of brood. 

TABLE 4.—Monthly average hive weights in the 

eradication area and ina normal area 

Hive weights (lb) 

Month Eradication Normal 

area area 

WN soe seo no dope tapbine ou Gbie mo Mes ego 73 68 
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sterilized boll weevils to nestling redwing black- 

birds (in nests on edges of cottonfields) had’no 

adverse effects. Food habit studies of bobwhite 

quail chicks and Fowler’s toads in cottonfields 

showed boll weevils to be of little importance as 

food items. A cottonfield was shown to be much 

less suitable than a soybean field as brood habitat 

because sampling of insect populations revealed 

far fewer insects (lower density and biomass) 

in the cottonfield due to poisoning. Bobwhite 

quail chicks, coturnix quail chicks, and Fowler’s 

toads were exposed in cottonfields to normal 

field applications of malathion, azinphosmethyl 

and a defoliant (Def) with no adverse effects. 

The laboratory phase dealt mainly with the 

chemical busulfan (Myleran), which was used 

to chemosterilize the boll weevil. A majority of 

the research has been published (Kulkarni et al. 

1973). Intensive work showed that the force- 

feeding of chemosterilized boll weevils to cotur- 

nix quail chicks had no significant effect on re- 

productive performance (egg production, fertili- 

ty, hatchability, shell thickness, albumen, yolk 

contents). 

Gland weights of Fowler’s toads force-fed 

chemosterilized boll weevils were not affected. 

Acute oral toxicity LD;., subacute toxicity, and 

the cumulative toxicity index of busulfan were 

determined for bobwhite and coturnix quail. A 

study of the distribution and metabolic fate of 
*H-labeled busulfan in bobwhite quail showed 

118 

most radioactivity to be in the urine and im- 

munobiological tissues, but not in the testes. 
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POSTEXPERIMENT DEVELOPMENTS OF THE PILOT 

BOLL WEEVIL ERADICATION EXPERIMENT 

By M. E. Merkl? 

Following completion of the Pilot Boll Weevil 

Eradication Experiment (PBWEE) on August 

10, 1973, no suppression measures were taken 

in the experimental area, but W. H. Cross and 

members of his group (Agricultural Research 

Service) continued their long-range movement 

studies. A line of traps was installed south from 

the center of zone I along either side of the Pear] 

River down to Slidell, La. Five Leggett traps 

were installed at 5-mi intervals along the line. 

Traps were baited and checked for weevils week- 

ly. The captured weevils were sexed and ex- 

amined to determine whether they were native 

weevils, ebony, or bronze. 

E. P. Lloyd and members of his group (Agri- 

cultural Research Service) continued examina- 

tions of 25 fields which had been intensively 

sampled during the experiment. Four in-field 

traps were installed in each field (17 in zone I, 

8 in zone II), and Leggett traps were installed 

around the fields at the rate of one trap per acre 

of cotton. Insect-collecting machines were also 

used in these fields until cotton began to open. 

After cotton was open, 100 ft of row per field 

was checked for weevils by shagging. All weevils 

captured were brought back to the Boll Weevil 

Research Laboratory and checked to determine 

whether they were native, ebony, or bronze wee- 

vils. 

D. D. Hardee’s group (Agricultural Research 

Service) checked 19 other fields in zone I, and 

12 fields in zone II. In-field traps, Leggett traps, 

shagging, and square examination on 100 to 300 

row ft per field were all used to evaluate the 

buildup of weevils in the area following the end 

of the PBWEE. All weevils captured were 

brought to the laboratory for sexing, and again 

determinations were made as to whether they 

were native, ebony, or bronze weevils. 

During 1973, Leggett traps were used exten- 

sively to survey native overwintered and subse- 

quent generations of the boll weevil throughout 

1 Research entomologist, Boll Weevil Research Lab- 

oratory, Agricultural Research Service, U.S. Depart- 

ment of Agriculture, Mississippi State, Mississippi 

39762. 

the PBWEE area to determine relative popula- 

tion levels and long-range movement in the dif- 

ferent zones. Trap sites were located in radiating 

lines at 5-mi intervals from the center of zone I. 

From 40 to 99 sites were operated with 5 traps 

per site after August 1. 

Results of the trapping after August 1 were 

as follows: (August 1-8). Sites in zone I were 

negative, but the beginning of fall migration was 

indicated by captures in zone II. (August 15-22). 

Considerably increased overall captures and a 

clear gradient of decreasing captures into the 

center of zone I suggested long range movement 

from outside, especially from north central areas. 

(September 12-19). Peak captures occurred dur- 

ing the fall migration period. A gradient was 

still evident into the center of zone I. Movement 

south of the center of zone I was shown by the 

newly located line of traps along the Pear] River. 

It was concluded that at least most of the adult 

weevils captured in zone I by noncottonfield- 

oriented traps in August were migrants from 

outside the area. 

Ebony weevils which had been released in the 

sterile-male program were also captured by the 

Leggett traps. During the period of August 1-22, 

only three ebony weevils were captured in zone I. 

On August 22, 29 new Leggett trap sites (five/ 

site) were located along each side of the Pear] 

River at 5-mi intervals to 75 mi south of Morgan- 

town, Miss. Eleven male and four female weevils 

were captured between August 22 and Septem- 

ber 26 at the 12 sites nearest to Angie, La. These 

weevils are believed to have flown from field 48, 

2 mi west of Angie. The most distant capture 

was a male taken 14.3 mi south of this field. In 

addition, two ebony weevils were captured in the 

northern part of zone I, a female in zone II, and 

a male in zone IV. This male was captured on 

September 10, 34 mi from the nearest release 

field. A more detailed discussion of Lloyd’s re- 

sults follow. 

Two in-field traps were installed in each of 25 

fields in zone I on August 22 and 23. The traps 

were inspected on August 24 in five fields, and 

on August 27 in all the other fields. A total of 
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7 ebony, 1 bronze, and 24 native weevils was 

caught in the traps. A breakdown by units show- 

ed 6 ebony weevils captured in units 1 and 6; 

1 ebony, 1 bronze, and 12 native weevils in units 

2 and 5; and 12 native weevils in unit 3. Zero 

weevils were captured in unit 4, which had been 

treated with insecticides prior to the end of the 

experiment. Traps at 10 of the 25 fields cap- 

tured weevils. During this same week no weevils 

were captured in nine fields sampled with the 

insect-collecting machine in zone I. In zone II, 

522 native weevils and 1 ebony weevil were col- 

lected by machines in 7 fields. Six of the seven 

fields were infested. 

During the week of August 30, Leggett traps 

were installed around fields. Nineteen native, 

6 ebony, and 1 bronze weevil were captured in 

18 fields in zone I on in-field traps. This same 

week 39 native, 8 ebony, and 0 bronze weevils 

were captured on Leggett traps. A breakdown by 

units showed 10 ebony weevils captured in units 

1 and 6; 18 native, 3 ebony, and 1 bronze in units 

2 and 5; and 40 native and 1 ebony in units 3 

and 4. Because of rain the insect-collecting ma- 

chine was not operated during this week. Eight 

of 18 fields were infested. 

Both types of traps were baited and checked 

weekly for weevils during the remainder of the 

year. One hundred feet of row per field was also 

shagged each week. The insect-collecting ma- 

chine could not be operated because cotton was 

open in all fields by this time. 

Time will not permit a report on each week’s 

eatch of weevils, but I will show the sum- 

marized results of catches made at 3-week inter- 

vals, or roughly after each succeeding genera- 

tion. During the week of September 21, a total 

of 97 native, 2 ebony, and 0 bronze weevils was 

captured on in-field traps in zone I. Four hundred 

and fifty-three native weevils, and no ebony or 

bronze weevils were captured on these traps 

in zone II. The Leggett traps captured 254 

native, 4 ebony, and 0 bronze weevils in zone I 

and 627 native, 0 ebony, and 0 bronze in zone II. 

Shagging caught 12 weevils in zone I and 382 in 

zone II. Results for the weeks of October 12, 

November 2, November 23, and December 7 are 

shown in table 1. 

D. D. Hardee’s crew has been checking fields 

in zone I and zone II since August 20 following 

the end of the PBWEE on August 10, 1973. Types 

of checking include Leggett traps around the 

field, in-field trapping, square examination (200 

to 300 per field), and shagging 100-200 row-ft/ 

field. 

Weevils were collected at all fields using the 

Leggett traps during August and September. 

The in-field traps collected weevils in all fields 

except one. In this field vandals destroyed the 

traps and prevented detection by this method. 

Infested squares were collected in 24 of 29 fields 

_ examined during the period. Adult weevils were 

collected by shagging in 28 of 29 fields. 

Summarized results of 29 fields examined ap- 

pear in table 2. These records show that weevil 

populations were reduced in zone I below zone 

TABLE 1.—Collection of boll weevils by indicated survey method, October, 

November, and December 1978, following PBWEE 

[N=Native, E=Ebony, B= Bronze] 

ee In-field traps Leggett trap Shagging Avg. No. weevils 

vane N E B N E B N E B_ caught/field 

Oct. 12 
Teg aheads anise 130 8 8 114 7 6 22 0 0 16 

GR a aon actin Ny: 282 0 0 531 0 0 27 0 0 120 
Nov. 2 

Iie iterteveceie ani id 148 31 52 148 29 34 15 5 0 26 
UDG: pakch a ees 214 0 6 1548 0 14 bt 0 0 112 

Nov. 23 
Te patel boop 16) 82a 031 44 49 80 12 1 0 19 

lO Corpreon ant sc ae 45 0 1 135 0 3 24 0 0 39 
Dec. 7 

Thasi2aineevee aise ial 78 28 48 392 59 77 3 0 0 37 
Te tee See 67 0 0 174 0 2 59 0 0 43 

1 Stalks were destroyed in 1 field; 239 weevils in Leggett traps. 
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II for more than two generations following the 

end of the experiment. 

After the experiment was officially termi- 

nated on August 10, research in zones I and II 

_ was initiated as a followup measure to determine 

how rapidly boll weevils could increase from ex- 

tremely low levels after all suppression measures 

_ were removed. The results showed at least a low- 

_ level infestation in all units except I-2 by August 

27. During September 10 to September 17 all 

units showed an increase in populations, some 

to extremely high levels. The results are sum- 

marized in table 3. The range of weevils per 

acre in zone I on September 17 was from 33 to 

3,013. In zone II the range of weevils per acre 

was from 105 to 1,048. 

Two potential problems associated with the 

sterile-male release were: (1) Release of about 

2% females from errors in sexing, and (2) re- 

lease of insects that were not totally sterile. Field 

43 (3 acres, zone I, unit 1), located about 2 mi 

west of Angie, La., showed the results of the 

interaction of these two problems. 

On August 28, two in-field traps were installed 

in field 43 and baited with grandlure. On August 

24, one ebony male and one ebony female were 

collected in the traps. On August 28, eight egg- 

punctured squares were collected from the field. 

These squares yielded 7 larvae (8 first, 3 second, 

and 1 third instar) and one good egg. In-field 

traps on the same date contained one ebony male, 

one ebony female, one native male and three na- 

tive females. The same traps contained two 

ebony males and two ebony females on August 

29. During the first 3 weeks in September, 64 

ebony, 150 bronze, and 6 native weevils were 

captured in the 2 traps. On September 19, 25 

weevils were collected by shagging 100 ft of row. 

There were 6 ebony, 17 bronze, and 2 native wee- 

vils in this collection. Another shagging collec- 

tion of 74 weevils had 64 ebony and 10 bronze 

weevils. From August 24 until January 23, a 

total of 1,295 weevils were collected from this 

field. Ten native weevils were captured on Janu- 

ary 23. This field is unique since it was the only 

field in zone I found to develop a general field 

infestation during August. 

On December 10-13, 1978, woods-trash sam- 

ples were collected from zones I, II, and ITI, and 

an outside sample was also collected along the 

Natchez Trace for comparison. Each sample 

consisted of 2 yd? of suitable woods trash taken 

from areas adjacent to cottonfields. Varying 

numbers of samples were taken from each field. 

These records show an average of 48.4 weevils 

per acre in woods trash in zone I compared with 

1,452 per acre in zone II, 15,488 per acre in zone 

III, and 7,018 per acre outside the area. 

TABLE 2.—Summary of field infestation data and trap collections for August 

and September 1973 (zonesI & II), PBWEE 

No. il — 
Location No. oe : 7 at : ae ggett 

: ji n-fie egge 
and date fields Eanctyaere Acre foes trap 

Zone [}: 

INTE lest eck me ee LEE ONS 18.0 Dboys ceases a oe HE 0.59 0.30 
Satin SR ame aac 18.0 5.1 280.0 42 2.6 

Zone II: 

avin ie eee MAL a ae 17.0 Sey ame eect. ake ok 5.8 
Sera anece Meameae Vineet cgiae 17.0 4.9 345.0 30.1 14.9 

1A gradient was apparent during August 

expressed by numbers of weevils/trap (0.5, 

(1.4, 2.2, and 8.1). 

and September in zone I from south to north as 

2.1, and 4.6) and by percent punctured squares 

TABLE 3.—Summary of trap collection of weevils and field infestations following PBWEE, 1973 

Aug. 22 Sept. 3 Sept. 10 Sept. 17 

Location Weevils/ % Weevils/ % Weevils / %  Weevils/ Weevils/ % Weevils/ 

f trap punct. trap punct. trap punct. acre trap punct. acre 

TANI oo bolo 5 2.5 2.2, 5.5 1.6 5.9 458 5.6 6.2 832 

This JUG orcioede 6.8 Isa 5.8 1.5 10.2 8.2 1,768 12.2 3.25 479 
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REPORT OF TECHNICAL GUIDANCE COMMITTEE 

FOR THE PILOT BOLL WEEVIL 

ERADICATION EXPERIMENT 

By E. F. Knipling? 

The Technical Guidance Committee for the 

Pilot Boll Weevil Eradication Experiment was 

appointed by the Office of the Secretary, U.S. 

Department of Agriculture, in July 1971. The 

names of the 18-member committee and their af- 

filiations are listed below. The committee mem- 

bers came from the U.S. Department of Agricul- 

ture, State agricultural experiment stations, uni- 

versities, and the cotton industry, and represent- 

ed organizations concerned with research, con- 

trol, extension, regulatory, and industry activi- 

ties. The committee met on 11 occasions to discuss 

plans, review programs, and to consider budget- 

ary matters. It made recommendations to the 

program and to agencies sponsoring the experi- 

ment. 

On August 30, 1972, after the experiment had 

been completed and after considering the results 

reported by those engaged in the experiment, the 

committee issued the following statment: 

STATEMENT BY THE TECHNICAL 

GUIDANCE COMMITTEE FOR THE PILOT 

BOLL WEEVIL ERADICATION 

EXPERIMENT 
The Technical Guidance Committee for the Pilot Boll 

Weevil Eradication Experiment has maintained close 

contact with the progress and problems in the conduct 

of the experiment from the time of its initiation in Au- 

gust 1971 and its termination in August 1973. The pur- 

pose of the experiment was to determine if it is techni- 

cally and operationally feasible to eliminate populations 

of the boll weevil by integrating several suppression 

techniques while concurrently making improvements in 

the application of available technology. 

The experiment, centered in southern Mississippi and 

in adjacent areas in Alabama and Louisiana, is repre- 

1 Science advisor, Agricultural Research Service, U.S. 

Department of Agriculture (retired). 
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sentative of the worst boll weevil conditions likely to be 

encountered in the boll weevil belt. The suppression 

methods involved the application of insecticides, the use 

of the boll weevil aggregating and sex pheromone (grand- 

lure) in traps and trap crop planting, the release of 

sterile males, and the institution of certain cultural 

measures, including restricted planting dates, early stalk 

destruction, and the use of cotton growth inhibitors. 

Much new information was obtained on the biology, 

ecology, dynamics, and behavior of the boll weevil that 

is relevant to the development of suppression strategies. 

Based on the results and experiences gained in the con- 

duct of the experiment, the Guidance Committee has 

reached the conclusion stated below and offers recom- 

mendations to appropriate agencies for additional re- 

search and development that is urgently needed to imple- 

ment and to achieve maximum effectiveness and economy 

of operations in the event that a national program is 

undertaken to eliminate the boll weevil as an economic 

pest in the United States. 

I. Conclusion 
Based on the results and experiences gained in the Pilot 

Boll Weevil Eradication Experiment conducted in south 

Mississippi and adjacent areas in Alabama and Louisi- 

ana, and mindful that the experiment was conducted 

in an area representative of the most severe boll weevil 

conditions likely to be encountered in the boll weevil 

belt, the Technical Guidance Committee has reached 

the conclusion that it is technically and operationally 

feasible to eliminate the boll weevil as an economic pest 

in the United States by the use of techniques that are 

ecologically acceptable. The economic and environmental 

benefits of achieving this goal will far exceed the costs 

that will be involved. For such program to be successful, 

it must be carried out with thoroughness and precision. 

The participation of a number of agencies will be re- 

quired. Complete cooperation and participation by all 

cotton growers in the boll weevil belt is essential. 

II. Recommendations 
In the conduct of the pilot experiment, it became ap- 

parent that improvements in technology and/or opera- 

tional procedures for certain suppression components 

will be necessary to maximize efficiency and economy in 

the elimination of the boll weevil. Accordingly, the Com- 

mittee recommends that while detailed plans and facili- 

ties for the initiation of a program are under develop- 



ment, research be continued and intensified immediately 

to further improve the technology and operations relat- 

ing to the following: 
1. Improve mass-rearing procedures to assure the 

capability of producing adequate numbers of high-quality 

boll weevils for sterilization and release. 

2. Improve techniques of sterilization to assure the 

attainment of maximum and consistent high levels of 

sterilization with a minimum detrimental effect on the 

vigor and mating competitiveness of the males. 

3. Develop new methods of sterilizing both sexes of 

the boll weevil so as to obviate the cost of separating 

sexes and to reduce costs and logistic problems associated 

with the feeding of boll weevils for 6 days before they 

are released. 

4. Continue investigations on grandlure to develop 

the most effective and least costly method of employing 

the attractant for: (a) suppression, (b) as a means of 

detection and population assessment, and (c) as a means 

of monitoring progress in population suppression. 

In recommending the urgency of research on the items 

listed, the Committee does not wish to minimize the need 

for continuing investigations on other aspects of the boll 

weevil problem. It is important that ecological research 

be continued and intensified in various areas of the boll 

weevil belt, particularly to obtain information on the 

time of the season and the proportion of field populations 

that enter hibernation and to locate optimal hibernating 

sites. Such information is especially relevant to decisions 

on the degree of in-season control that should be at- 

tained by growers, and when the reproduction-diapause 

suppression component should be initiated. Also, accurate 

information on the time and proportion of the boll weevils 

that emerge from hibernation is needed for various 

areas in order to establish appropriate planting dates 

and to determine when to apply the pheromone and 

sterile male release components for maximum effect. 

Additional information in various areas on possible 

differences in the response of boll weevils to pheromones 

during the late season migration period, during spring 
emergence from hibernation, and while boll weevils are 
in cottonfields is also necessary to develop optimal 
strategies for suppression and detection of boll weevils 
by the use of the pheromone, grandlure. 

There was considerable discussion on the exact 
wording of the reference to elimination of the 
boll weevil. Some members felt that the experi- 
ment demonstrated the feasibility of eradicating 
or eliminating the boll weevil from the United 
States; other questioned this. The wording “. . . it 
is technically and operationally feasible to elimi- 
nate the boll weevil as an economic pest in the 
United States” was proposed by those who did 
not agree with the stronger statement. The state- 
ment as presented was adopted by unanimous 
vote of the committee. 

It seems apparent that individuals make dif- 

ferent interpretations of the statement. How- 
ever, in my view, if a program carried out with 
thoroughness and precision, and with the com- 

plete cooperation of all cotton growers as pre- 

scribed, will reduce boll weevil population to the 

level indicated, it will be readily possible to elimi- 

nate populations from isolated areas by the ap- 

plication of new techniques that have maximum 

effectiveness at extremely low levels. The over- 

all plan for a boll weevil elimination program. 

developed by the National Cotton Council’s 

Special Study Committee for Boll Weevil Eradi- 

cation provides for continuing surveillance and 

elimination of incipient populatons from border 

areas to the South. 

T would like to add some of my own views on 

the justification for undertaking an effort to 

eradicate the boll weevil from isolated regions 

apart from the report on the activities of the 

Guidance Committee. There is no question of 

the importance of the decision that is eventually 

made on this issue by the scientists and admin- 

istrators, or of the responsibility they will bear 

to make the best decision possible. There seems 

to be general agreement that there is an urgent 

need for a better solution to the boll weevil prob- 

lem. From this point of agreement there are 

widely divergent views as to what would be the 

best-course to follow. All new scientific advances 

or proposed new approaches to problems have 

elements of uncertainty and controversy until 

they have been put to the test for which they 

are designed. Views as to whether we do or do 

not have the basic technology to justify a boll 

weevil eradication effort range from almost full 

confidence of success to almost certain belief 

that such effort would fail. Given such diverg- 

ence in viewpoints, I would like to comment on 

the consequences of a decision to undertake an 

eradication program even if it failed to achieve 

the objective, versus a decision not to undertake 

a program that unknowingly would have been 

successful. 

Based on the overall plan for a boll weevil 

elimination program developed by the National 

Cotton Council, the estimated cost of an eradi- 

cation program is of the order of $650 million. 

This cost estimate is cited as one of the principal 

reasons for not undertaking an eradication pro- 

gram. Perhaps no more than $100 million to 

$150 million would be involved during an initial 

period of 2 to 3 years. By this time our ability 

or lack of ability to achieve eradication in an 

actual operational program should be known 

with reasonable certainty. If such investment is 
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made, it seems important to consider whether 

there would be any significant benefits from the 

program even if the primary objective were not 

achieved because of technical and operational 

problems. I think there would be very important 

benefits in spite of the failure to eliminate the 

boll weevil population from the area included 

in the program. 

First, much of the investment will be returned 

in benefits to affected growers in terms of in- 

creased yield and reduced cost of boll weevil 

control for the 2 or 3 years during which such 

effort is made. Second, it would provide jobs for 

a large number of personnel. Third, the technical 

information and experience gained in even such 

an unsuccessful effort could provide new infor- 

mation and operational experience that cannot 

be obtained in any other way. Fourth, the in- 

formation and experience gained, especially in 

developing and applying new techniques, may 

be necessary to devise an effective boll weevil 

management system without in-season applica- 

tions of insecticides, or even without the use of 

any broad-spectrum insecticides. 

Thus, the real cost in relation to benefits 

should be much below the actual investment in 

an eradication effort and could lead to economic 

and environmental benefits far exceeding costs 

even if the initial objective were not realized. 

If the initial effort proved successful there would 

of course be ample justification for continuing 

the program to its ultimate conclusion. 

It seems important to also consider the con- 

sequences of the opposite interpretation of the 

status of our technology for boll weevil elimina- 

tion. If the results of the pilot experiment and 

other investigations are erroneously interpreted 

as negative, and if such misinterpretation leads 

to a decision by the cotton industry, agricultural 

124 

administrators, and Congress not to undertake 

an eradication program that could be successful, 

what would this mean in terms of losses and 

effects on our environment? 

First, the economic losses to farmers, to the 

cotton industry as a whole, and to our Nation’s 

economy could accrue to tens of billions of dol- 

lars in the next 30 years. Second, it could jeopar- 

dize the continuation of a profitable cotton in- 

dustry on millions of acres with dire economic 

and social effects if the boll weevil or the boll- 

worm and budworm should become resistant to 

insecticides. Third, it could lead to an increas- 

ingly critical problem of bollworm and budworm 

control by nonchemical means, causing losses 

not only on cotton but on other crops to the ex- 

tent of additional billons in losses over a period 

of years. Fourth, it could result in a continuation 

of insecticide use in the production of cotton and 

other crops indirectly affected that presently 

amount to more than one-third of all insecticides 

used in our agricultural environment each year. 

The long-range environmental impact of such 

otherwise unnecessary environmental pollution 

could be as important as the economic losses 

cited. 

There is no question that we are considering 

a program that would be costly. The magnitude 

_ of the program under consideration and the great 

difficulties that would be involved in its execu- 

tion far exceed any similar program in the past. 

I am sure that those responsible for making the 

final decision in this matter will carefully con- 

sider all aspects of the problem before making 

their decision. However, I believe that the above 

is a valid assessment of the economic and en- 

vironmental considerations and that it should be 

taken into account in arriving at any final de- 

termination concerning boll weevil eradication. 
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REPORT OF ENTOMOLOGICAL SOCIETY OF AMERICA | 

REVIEW COMMITTEE ON THE PILOT BOLL WEEVIL | 

ERADICATION EXPERIMENT 

By W. G. Eden}! 

The Committee met three times during the 

1973 growing season in Mississippi with the 

Technical Guidance Committee. These meetings 

allowed us to understand the technical and 

logistical components of the Pilot Boll Weevil 

Eradicaton Experiment. After many hours of 

discussions, we arrived at the following principal 

conclusions: 

1. We were deeply impressed with the vast 

amount of information about the boll weevil that 

was brought to bear upon the eradication at- 

tempt and the organization and execution of the 

logistical aspects of the experiment. 

2. We interpret eradication to mean the re- 

duction of a population to zero. 

3. We could not agree whether a distinction 

should be made between ‘‘accomplishing eradica- 

tion” and “demonstrating feasibility of eradica- 

tion.” 

4. Eradication was not accomplished in the 

core area. 

5. It was demonstrated that populations of 

weevils can be reduced to extremely low levels 

by a regional suppressive program. 

6. We could not agree on whether technical 

feasibility of eradication of boll weevil popula- 

tions was demonstrated. 

7. The Committee had reservations concern- 

ing any massive undertaking of eradication with- 

out further research to refine suppressive tech- 

niques. The following factors need to be further 

researched prior to planning and implementing 

future population suppression programs: 

(a) Improvements in mass production proce- 

dures, (b) improved sterilization procedures, 

(c) improved surveillance techniques, and 

(d) relative value of suppressive components. 

8. The core area was smaller than desirable, 

1 Chairman, Department of Entomology and Nematol- 

ogy, University of Florida, Gainesville, Fla. 32601. 
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and the experiment was terminated short of the | 

optimal time period. 

9. Proper and complete suppression methods | 

could not be applied throughout the first buffer | 

zone. 

10. We believe that the major difficulties 

that will attend any massive effort against the 

boll weevil are likely to be less those of a techni- | 

cal nature than of the operational aspects—par- | 

ticularly “people problems” involved in imple- 

menting and carrying out the strategies and tac- | 

tics chosen for suppression of boll weevil popu- | 

lations. 

11. Any large-scale pest suppression or | 

eradication undertaking inevitably brings about 

an interplay of very diverse social, political, and | 

economic interests; thus, reactions to a proposed | 

boll weevil eradication effort will not be limited 

to the cotton producing areas. 

12. We do not presume to know whether a 

boll weevil eradicaton effort should be under- | 

taken throughout the Cotton Belt. We do have 

reservations until such time as currently avail- 

able suppressive techniques are improved and 

collectively tested in different geographical and 

ecological areas. 

13. We are convinced that the information 

and experience gained from this experiment have 

provided invaluable techniques to growers 

throughout the Cotton Belt for managing boll 

weevil populations. 

14. We believe the decision regarding at- 

tempted eradication of the boll weevil should and 

will be a socio-political decision. We recommend 

that a detailed summary of the program be pub- 

lished and that all concerned members of our 

society—and particularly entomologists—in- 

form themselves as to the long-range environ- 

mental and economic benefits that would result 

from a successful eradication program and 

weigh those against the costs involved. 



THE WILL TO WIN 

By Charles G. Scruggs? 

Nine out of ten creatures on earth are insects. 

Every millisecond of every minute, every hour, 

every day, every year, every century, uncount- 

able billions upon uncounted billions of insects 

are chewing, biting, sucking, boring, destroying, 

contaminating, debilitating, sickening, and ir- 

ritating man and his plants and animals. Man 

has only a very small margin of dominance over 

insects. Except for God’s gift of higher intelli- 

gence, man might be overwhelmed by insects. 

Even so, insects still exact a fearful and horrible 

toll from the universe and man. No one man or 

computer has yet been able to calculate how 

many humans could live on this earth if there 

were no loss of food and fiber supplies to insects. 

At the moment—worldwide—it seems safe to 

say that insects and the diseases they spread 

and spawn consume or destroy more food and 

fiber than is consumed by man. 

Partly because of efficiency of insect control 

methods in the United States, the American peo- 

ple are the first civilization to live in and enjoy a 

food abundance. Yet, in spite of all our efforts, 

the United States is only a bare step away from 

severe food shortages. With food and fiber sup- 

plies the world over at low levels, a single insect 

plague in the United States could produce world 

panic. For example, with world wheat supplies 

at their lowest level in modern times, a severe 

insect plague in the U.S. winter wheat belt could 

exact a severe toll. It’s been estimated that a 

swarm of locusts—as have visited the United 

States in the past—could destroy in a single day 

enough wheat to supply 5 million people. 

One of the most nauseous, deadly, and costly 

pests in terms of food destruction potential in 

the world is the screwworm, or, as it’s called in 

Mexico, “gusano barrenador de ganado” (boring 

1Vice president and editorial director, Progressive 

Farmer, 820 Shades Creek Parkway, P.O. Box 2581, 

Birmingham, Ala. 35202. 

worm of livestock). This terrible flesh-eating 

worm, which attacks and infests man and ani- 

mals, has the potential to decimate the livestock 

populations of the Southern United States. This 

rapacious pest has probably killed and maimed 

more humans in Central America, South Amer- 

ica, and lower North America than all the wars 

in these areas. 

The screwworm—so called because of its re- 

semblance to a wood screw—was considered a 

plague of the season in early Mexican and United 

States history. It exacted its horrible toll of 

calves, lambs, fawns, kid goats, colts, and adult 

livestock and wildlife every year. It came as a 

part of the spring season and wreaked its death 

and damage as unvaryingly as the season—a 

sort of miasma that plagued man and his animals 

through the centuries. That is, it killed and 

maimed until man peered into the very intimacies 

of its life cycle and devised what has been de- 

scribed as the “single most original entomological 

thought in the 20th century.” 

You perhaps know the story. USDA scientists, 

principally E. F. Knipling and R. C. Bushland, 

devised the male sterility theory. They and their 

associates found a way to break the life chain 

and population dynamics of the screwworm 

through the introduction of male screwworm 

flies whose basic gene structure had been so 

aberrated or changed through exposure to atomic 

irradiation that the eggs resulting from their 

matings were sterile. Or put another way, screw- 

worms were induced to breed themselves out of 

existence. 

Starting in the late 1950’s in Florida, a mas- 

Sive program to rid the United States of the 

screwworm was kicked off. The pest was causing 

an estimated annual loss of $200+ million across 

the lower half of the United States. The tech- 

nique was simple—reduce screwworm popula- 

tions to low levels through weather or other 
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means; produce great numbers of male screw- 

worm flies in the jaboratory factory; irradiate 

them; then release in sufficient numbers to over- 

whelm the native population. Result: After only 

3 years of effort, the screwworm was eradicated 

from the Southeast. Since 1959, there has not 

been a single case of screwworms in the South- 

east unless it was introduced from elsewhere! 

Livestock producers in the Southwest, where 

the screwworm was also a costly pest, heard of 

the amazing program in Florida and the South- 

east. They wanted to do the same thing. But, 

there were gigantic differences: the area was 

100 times the size of Florida, and the Southwest 

annually was reinfested from Mexico. An eradi- 

cation program in the Southwest was considered 

beyond the resources and technology available. 

Thus, no program for the Southwest. 

But livestock producers in Texas, New Mexico, 

Arizona, Oklahoma, California, and Louisiana 

were not to be denied. They organized the South- 

west Animal Health Research Foundation and 

then voluntarily invested $5 million in the foun- 

dation. They said to State legislatures and the 

USDA: We want to get rid of the screwworm! 

I had the pleasure to serve as one of the or- 

ganizers and president of the foundation. I’ve 

written a book called “The Peaceful Atom and 

Deadly Fly” that is to be published soon that tells 

of this program in detail. 

But, to make a long story short: through the 

partnership of producers, State governments, 

and Federal Government, screwworms were 

eliminated from the United States in 1966. Since 

that time we’ve been engaged in a program to 

prevent the screwworm from reentering. A joint 

United States-Mexico program was established 

a year ago. By 1976 we expect the United States 

and Mexico to be free of the screwworm. The 

program represents man’s most unique triumph 

over insects over a Major geographic area of the 

world! Dollar savings—$1 billion over the last 

10 years! 

That is, it was man’s greatest insect control 

effort until now. Now you and your associates 

are deciding that you will no longer live with 

the boll weevil! Using the same basic tech- 

niques—reducing populations to low levels, in- 

troducing sterile insects to search out and break 

the reproductive cycle, and exercising eternal 

vigilance—you plan to get rid of the boll weevil. 

I won’t recount the detailed plans you have 
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devised. You know them. But, let me give you 

some suggestions learned from 13 years of simi- 

lar effort. 

1. You must decide you will persevere in 

the effort in spite of all costs, all the doubters, 

grumblers, second guessers, and negative think- 

ers that will rise up to bedevil you! 

2. You should title this effort a Cotton En- 

vironmental Protection Plan. 

3. You must insist—and then make sure ail 

carry out their proper roles—that this is a joint 

effort between producers, the States, and the 

Federal Government! Anything less than a full 

partnership by all concerned will doom this ef- 

fort to failure and perhaps thereby abort all 

other similar efforts in the future. 

4. You must be prepared to work hard for 

long years. 

5. You—every single one of you—must stand 

up and be counted time after time! And you must 

recruit and ally thousands of others who must 

do the same. 

6. Remember that this effort will require 

more guts, work, intelligence, and dedication 

than any other single thing any of you have 

ever before attempted. You must in effect pledge 

your honor, your work, your devotion to this 

effort once you start. 

You will succeed! Why do I know this? I have 

a good authority on which to base the statement. 

Genesis, Chapter 1, Verse 28, says this: “And 

God blessed them, and God said unto them, Be 

fruitful, and multiply, and replenish the earth, 

and subdue it: and have dominion over the fish 

of the sea, and over the fow] of the air, and over 

every living thing that moveth upon the earth.” 

This is the basis for our will to win! This is 

the correct view—not the statements of Rachel 

Carson who wrote: “The ‘control of nature’ is 

a phrase conceived in arrogance, born in the 

Neanderthal age of biology and philosophy, when 

it was supposed that nature exists for the con- 

venience of man.” 

Nature does exist for the convenience of man, 

for the Bible tells us so. That’s why you will win! 

APPENDIX 
From January 20, 1903, issue of The Progressive Farmer 

EARLY COTTON AND THE COTTON 

BOLL WEEVIL 

The Mexican cotton boll weevil is becoming 

a very serious pest in Texas, and about two 



weeks ago 500 Lone Star farmers met in Dallas 

to consider ways and means of checking its 

ravages. They effected a regular organization— 

the Texas Boll Weevil Convention—appointed 

a permanent executive committee, and will ask 

the Federal Government, as well as their State 

Legislature, to aid them in their work. The fol- 

lowing statement is made, we believe, on the 

authority of Prof. W. D. Hunter, of the United 

States Department of Agriculture: 

“This pest eats cotton only, no other food. 

Being a tropical insect, it was supposed that 

it would not go above the limit of volunteer cot- 

ton, say Waco, but it has already neared Dallas, 

and has been found in isolated places further 

north. The entire Cotton Belt is now threatened. 

It has appeared in Brazil and Cuba, and has been 

reported from the West Coast of Africa. It has 

come to stay; it cannot be exterminated, but it 

can be kept in check.” 

One of the methods of checking it is by plant- 

ing early varieties, and the following letter from 

Secretary J. H. Connell, Dallas, Texas, to Dr. 

B. W. Kilgore, of the North Carolina Experi- 

ment Stations, should have the attention of Pro- 

gressive Farmer readers having such seed for 

sale: 

“From inclosed printed matter you will note 

the nature of the contest we are now waging 

against the boll weevil in Texas. I wish to call on 

you for assistance to the extent that you furnish 

me promptly with the addresses of all originators 

of early maturing varieties of cotton whose ad- 

dresses are known to you. We wish to secure 

large quantities of early maturing varieties from 

every reliable source to be shipped to this execu- 

tive committee in carload lots from points beyond 

the boll-weevil infested region. There may be 

some North Carolina farmers known to you who 

cultivate early maturing varieties exclusively, 

who have seed on hand for sale.” 

Dr. Kilgore asks that interested parties cor- 

respond directly with Professor Connell at Dal- 

las. The seriousness of the movement may be 

guessed when we say that the recent Convention 

claimed that the pest cost Texas growers fully 

$20 million last year. 
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BIOMATHEMATICAL BASIS FOR SUPPRESSION AND 

ELIMINATION OF BOLL WEEVIL POPULATIONS 

By E. F. Knipling? 

The use of models as aids to a better under- 

standing of insect population dynamics and 

insect population suppression methods has 

emerged as one of the most important aspects of 

research in the field of entomology. Models to 

predict the seasonal or periodic changes in pop- 

ulations of many of the important pests of agri- 

culture and forestry are under development at 

a number of institutions. Some of those investi- 

gations involve intensive data collection and 

analyses by data processing facilities. Informa- 

tion from such studies, properly interpreted and 

used, should be helpful in planning better and 

more effective tactics and strategies for the 

management of some of our major insect pests 

in the future. It is generally recognized, how- 

ever, that there are limitations to the degree of 

confidence that can be placed in results of simu- 

lation strategies for coping with insect problems. 

In the final analysis it is still necessary to put 

proposed strategies to test under field conditions. 

Nevertheless, simulation suppression models will 

become of increasing value as guides to research 

and to insect suppression programs. 

While extensive biological and ecological data 

on insects and a critical analysis of such data by 

the use of computer hardware can add refine- 

ments to insect models, much can be done by as- 

signing estimated values to basic parameters and 

then making simple calculations to determine the 

results to be expected from various suppression 

techniques. 

Over the years I have established and tested 

literally thousands of simulated suppression 

models for many insects, including the boll wee- 

vil, serewworm, pink bollworm, Heliothis spp., 

tsetse flies, tropical fruit flies, gypsy moth, 

1 Science advisor, Agricultural Research Service, U.S. 

Department of Agriculture (retired). 
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codling moth, and many others. Almost every 

conceivable method of control, and especially 

combinations of various methods of control, have 

been tested in such simulated suppression 

models. A number of important conclusions on 

the basic principles and mechanisms of insect 

population suppression and detection have been 

reached from such studies. Most of the princi- 

ples of suppression identified by the use of such 

models have been confirmed in actual field ex- 

periments, and some of the results have been 

highly predictive of results in actual use of pro- 

posed suppression systems. There is reason to 

have increasing confidence in the usefulness of 

modeling for establishing principles, and to serve 

as guides to research and action programs that 

are likely to lead to more effective or more ac- 

ceptable means of insect control. 

The purpose of this paper is to use population 

models to show what we can and cannot expect 

from various systems of boll weevil population 

management or eradication. The suppression 

models will involve insecticides, sterile insects, 

and the boll weevil sex pheromone employed 

alone, employed simultaneously, or in sequence. 

I also wish to discuss the potential value of in- 

field grandlure-baited traps as a means of boll 

weevil detection and population assessment. 

DEVELOPMENT OF A 
REPRESENTATIVE 

UNCONTROLLED BOLL 
WEEVIL POPULATION 

It is necessary to establish a representative 

population model for an insect before calcula- 

tions can be made to estimate the impact of 

various methods of control. While it is recognized 

that the boll-weevil, like all insect pests, is ex- 

tremely variable in its development, and that 



many factors influence the rate of growth and 

the size of populations that will develop in dif- 

ferent cotton ecosystems, it is nevertheless pos- 

sible to establish what can be regarded as a rep- 

resentative growth rate for populations develop- 

‘ing under favorable boll weevil conditions. In 

-actual control we are generally not concerned 
with marginal boll weevil conditions. Our major 

concern is with conditions that are favorable for 

boll weevil development and which lead to serious 

losses if control measures are not taken. Thus, 

the models established will be representative of 

areas where the pest is a major problem. 

The model in table 1 is designed to depict a 

typical overwintered boll weevil population and 

the way it will grow if no control measures are 

employed. Uncontrolled, the population will 

cause complete destruction of the crop before the 

end of the season. As noted, the overwintered 

population is assumed to average 200 reproduc- 

ing boll weevils per acre (both sexes) during the 

first generation. In some boll weevil areas, start- 

ing populations are often higher. Each genera- 

tion spans a period of 20 days, except those late 

in the season. It is assumed that the females de- 

posit an average of six eggs per day during an 

average egg-laying life of 17 days. Thus, females 

in a population will average 100 eggs. If 16.7 % 

of the eggs produce adults that average 17 days 

of reproductive life, it will mean a tenfold in- 

crease from one generation to the next unless 

the maximum density is reached. The tenfold 

increase rate may of course not hold at high 

densities. The amount of available squares and 

bolls in which larval development must take 

place becomes a limiting factor for high popu- 

lations or for cotton in which fruiting has largely 

ceased. Although the boll weevil is not adequate- 

ly controlled by natural enemies, they no doubt 

destroy many weevils, and the proportion de- 

stroyed probably increases with the boll weevil 

density. The cotton fruiting depicted represents 

high-yielding cotton that probably would pro- 

duce about two bales per acre under favorable 

conditions. 

It is recognized that the number of eggs de- 

posited per day, the length of life, the rate of 

survival, the number of squares and bolls on the 

plants, and other variables can deviate from the 

values assigned. However, the use of representa- 

tive averages greatly simplifies calculations in 

models without altering the basic conclusions one 

can draw from such models. 

The infestation levels as shown in the model 

would probably mean at least 30% reduction in 

crop yield, but losses are likely to be much higher. 

The high population in the third generation 

would no doubt destroy many of the bolls de- 

veloping from squares that escaped destruction 

in boll weevil generation 2. This would not only 

cause substantial reduction in yield, but the in- 

fested bolls would result in a higher population 

than squares alone could produce. In all proba- 

bility the actual damage would be of the order of 

50%. This estimated amount of damage is in line 

with average losses observed to have been caused 
by the boll weevil in untreated cotton during the 

past 30 years or more (Parencia and Cowan 

1972). Thus, there is reason to regard the model 

as a valid basis for estimating the size of popu- 

lations and the amount of damage the pest is 

likely to cause when no control measures are ap- 

plied. The basic model should also be suitable for 

appraising the population growth and damage 

when different systems of control are employed. 

It is noted that the fourth and fifth generations 

would develop in late-setting fruit that may not 

influence the yield, but which could produce 

many overwintered boll weevils. The maximum 

size of the population when control measures are 

TABLE 1.—A basic boll weevil population growth model and infestation rates when the population 

starts with 200 boll weevils/acre and no control measures are applied 

No. No. : 

Generation reproducing ae and Beep puncrurss neers Nemwice @nprogenys 
Ballreeenle balls Percent No. Leics Reproducing Diapausing 

1 200 200,000 6 12,000 0 2000 care eat 

2 (F,) 2,000 400,000 30 120,000 0) 20000 ie) Sia saan Mii cerecnre 

3 (F,) 20,000 200,000 100 200,000 25 25,050 8,350 

4,5 25,050 50,000 100 50,000 75 2,188 6,262 
Tratall 8 Sa GE kek geet idl we ORS es, 1 aya Re WA Or ee ey ce 15,612 

1 Assumes that 16.7% of the egg-punctured fruit will produce adults. 
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not applied is governed by the amount of fruit 

available for boll weevil development, rather 

than by the net increase potential of the pests. 

It should be kept in mind that we are dealing 

with representative populations. Some acreages 

of cotton may have overwintered populations up 

to 1,000 or more. Boll weevils will overlap gen- 

erations, and the percentage of squares and bolls 

damaged will steadily increase as the season pro- 

gresses. The reason that the percentage of punc- 

tured squares does not increase more rapidly 

is due in large measure to the remarkedly fast 

and abundant fruiting characteristics of cotton 

which keep fruit production ahead of the grow- 

ing boll weevil population. However, a popula- 

tion of the type depicted would eventually destroy 

all late-fruiting forms. But there are likely to be 

enough squares and bolls present even then to 

yield large numbers of developing boll weevils in 

generations 4 and 5 that would enter hibernation 

and emerge the next season. Extensive migration 

could be expected from the progeny produced in 

the third and fourth gnerations as well. Also, 

under conditions of high populations and limit- 

ing fruiting forms, one can expect high mortali- 

ties of the boll weevils. Even so, where hibernat- 

ing conditions are favorable, the type of popula- 

tion depicted might produce an overwintered 

population of 1,000 boll weevils per acre or even 

more. 

The average increase rate has been said to be 

tenfold in each generation until the population 
approaches maximum density. It is unlikely that 
the rate of increase will be of the same order 
each generation. However, the final size of the 
population would be essentially the same if the 
model projected variable increase rates which 

averaged tenfold per generation. 

THE USE OF INSECTICIDES 
FOR THE CONTROL OF THE 

BOLL WEEVIL 
If the boll weevil has a net increase potential of 

tenfold until the population becomes self-limiting 

because of inadequate fruiting forms for repro- 
duction and because of other density-dependent 

forces, it is apparent that suppressive measures 

must be rather intense and exacting in order to 

maintain adequate control. One of the current 

goals in boll weevil management is to reduce 

populations to the lowest practical level with a 
minimum use of insecticides during the regular 
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growing season. The adverse effects that boll 

weevil insecticides have on beneficial insects that 

attack Heliothis and other cotton pests make it 

imperative that long-range efforts be made to 

minimize the use of insecticides during the early 

generations. Once insecticide applications are 

started for boll weevil or Heliothis control, there 

is the risk that applications will have to be con- 

tinued for the rest of the season. Thus, from a 

cotton culture standpoint it is necessary to con- 

sider control practices that affect the boll weevil 

as well as Yel/othis and other cotton pests. 

In all probability, routine boll weevil control 

with insecticides as practiced by growers is not 

likely to achieve more than 90% kili each ap- 

plication. Perhaps four applications at 5- to 7- 

day intervals each generation will be needed to 

achieve this level of control. If this is a valid 

estimate of the effectiveness of usual insecticide 

applications, we can develop a suppression model 

using the basic parameters and predict the type 

of control program based on the use of insecti- 

cides that would reduce the overwintered popu- 

lations from a representative level of 200 per 

acre to about 20 per acre. This simulated model 

is shown in table 2. According to the parameters 

established, it would be necessary to apply in- 

secticides in generations 2 and 8 to protect the 

crop, and necessary to continue insecticide treat- 

ments during generations 4 and 5 to destroy most 

of the diapausing boll weevils in order to expect 

to reduce overwintered populations averaging 

about 200 per acre to a level averaging about 

20 per acre. It is estimated that a total of 14 in- 

secticide applications would be required the first 

year to reduce a generally high boll weevil popu- 

lation to a generally low level. 

Once a population is reduced to a level of about 

20 per acre, however, it could be maintained at 

that level with less frequent use of insecticides. 

It should be possible to delay the start of insecti- 

cide treatments until generation 3 and maintain 

a generally low population level by making about 

10 insecticide applications each season during 

generations 3-5. The simulated suppression 

model based on a starting population of 20 boll 

weevils per acre is shown in table 3. The assump- 

tion is made that all cotton in a community will 

be treated as needed. Such a program would 

virtually assure no losses from the boll weevil 

and would require less use of insecticides. Also, 

a delay in starting boll weevil control treatments 
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would delay possible Heliothis outbreaks by one 
boll weevil generation. Therefore, we can con- 
clude that such a program would be much more 
acceptable than uncoordinated boll weevil con- 
trol practices that allow high starting popula- 
tions each season. 

The model in table 3 indicates, however, that 
the use of insecticides late in the growing season 
as needed and continuing as a diapause control 
program in the fall offers little hope of resolving 
the boll weevil problem in an acceptable manner. 
Even a well-organized and reasonably good boll 
weevil management program in which virtually 
100% of the growers participate would still re- 
quire a year-to-year fight with insecticides in the 
more seriously infested boll weevil areas. The 
ecological disturbance to beneficial insects and 
the risk of the development of insecticide-re- 
sistant strains of the boll weevil would continue. 

A major problem, however, in dealing with the 
boll weevil is the maintenance of a good manage- 
ment program based on voluntary participation 
by growers. Even in the most progressive cot- 
ton-growing areas, it is unlikely that more than 
90% of the growers in a community will treat 
the cotton in a manner that will result in 90% 
control each generation through generations 3-5, 
even if the average overwintered population had 
previously been reduced to a low level of 20 per 
acre. Table 3 has shown how a population would 
develop and shown the type of insecticide treat- 
ments necessary in order to maintain a low over- 
wintered population each year, even with full 
participation by growers. 

Table 4 shows the number of boll weevils that 
would develop per acre, based on the assumed 
increase rate of tenfold per generation, if no 
treatments were applied during the season and 
the starting population were as low as 20 per 
acre. The calculations indicate that 17,500 dia- 
pausing boll weevils could be expected to develop 
on each acre of untreated cotton by season’s end. 
This exceeds the level projected for an uncon- 
trolled population that starts with 200 per acre. 
This may seem unrealistic, but there is a sound 
biological basis for this conclusion. The higher 
starting populations would become self-limiting 
because of inadequate fruiting forms during the 
diapause period. The lower starting population 
would have more fruit in which to develop dur- 
ing generations 4 and 5, when most of the dia- 
pausing boll weevils develop. 
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If we make the assumption that in a program 
based on voluntary participation by growers, the 
equivalent of 10% of the cotton acreage in a com- 
munity will not be treated, we can clearly indi- 
cate the effect of such neglect on overwintered 
boll weevil populations in the community. This 
is indicated in table 5. The calculations show 
that more than 100 times as many potential 

hibernating boll weevils would develop on each 
acre of untreated cotton than on each acre of 
treated cotton. Or, stated another way, there 

would be more than 10 times as many over- 

wintered boll weevils in a community if 10% 

of the cotton were not managed for boll weevil 

control than if all cotton were properly managed. 

If a boll weevil management program as pro- 

posed in table 3 were instituted, but the equiva- 

lent of 10% of the cotton received no treatments, 

the overwintered population would average 

about 190 boll weevils per acre instead of an 

average of 20 per acre, which is the population 

level proposed as necessary to reduce the need 

for in-season applications to a minimum. In all 

probability, control measures would have to be 

applied on most acreage one generation in ad- 

vance of the time such treatments would be nec- 

essary if the average starting population were as 

low as 20 per acre. Not only would this be more 

costly, but more insecticides would be required 

and secondary pest problems would be intensi- 

fied. Also, resistant strains would likely develop 

sooner under such uncoordinated control prac- 

tices. 

For some years I have advocated the total 

population suppression approach to the manage- 

ment of key insect pests (Knipling 1960, 1966). 

This view was based on the difference in the 

number of insects that can develop during a 

TABLE 5.—E'stimated number of overwintered 

boll weevils/acre produced on treated and 

untreated cotton, starting with 20 boll wee- 

vils/acre 

C ‘ No. diapausing weevils surviving /acre 

cae Treated acreage | Untreated acreage 

il 0 0 
2 0 0 
3 150 5,000 
4 and 5 1112 12,500 

Motalsheucrrschit 162 17,500 

1 Treatments in generations 3-5. 
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series of generations when the total population, 

versus only a portion of the population, is sup- 

_ pressed. We know enough about the dynamics 

_ of all of our major pests to accept this as a funda- 

mental principle of insect population suppres- 

sion, but I know of no pest for which the appli- 

cation of the total population suppression con- 

cept is so important and so urgently needed as 

- the boll weevil. 

For 50 years the boll weevil has been controlled 

in a haphazard manner on a relatively small part 

of the total cotton acreage, but we as entomolo- 

gists have done very little to emphasize the se- 

vere penalty that all growers pay because of the 

neglect of a few. Moreover, we have not em- 

phasized enough the hazards and the added costs 

of the greater amount of insecticides used in our 

southern agricultural environment each year be- 

cause of such neglect by a small proportion of 

the growers. 

It is my view that it is time for all pest man- 

agement specialists, administrators, and cotton 

industry representatives who have the respon- 

sibility for outlining pest-management proce- 

dures to take a good look and decide what the 

goal should be in efforts to provide a better and 

more acceptable solution to the boll weevil and 

the Heliothis problems. The two types of pests 

must be dealt with jointly so long as broad- 

spectrum insecticides are required for boll weevil 

control. 

Consideration should be given to two possible 

solutions: (1) The elimination of the boll wee- 

vil where it is feasible and maintenance of con- 

tinuous suppression in situations where elimina- 

tion is not feasible. (2) Institution and mainten- 

ance of subeconomic populations of the boll wee- 

vil beltwide, employing methods of suppression 

that require no insecticides or the absolute mini- 

mum use of insecticides during the regular grow- 

ing season. In my view, these two alternatives 

now offer the only hope for a satisfactory solu- 

tion to both the boll weevil and Heliothis prob- 

lems. 

MINIMUM BOLL WEEVIL 
POPULATIONS THAT WILL 
OBVIATE THE NEED FOR 
IN-SEASON INSECTICIDE 

APPLICATIONS 
In view of the great increase potential of the 

boll weevil, I estimate that it will be necessary 

to reduce overwintered populations to a very 

low level each year in order to avoid the necessity 

of in-season applications of insecticides. Table 6 

projects the growth of a population starting with 

10 weevils per acre, based on parameters pre- 

viously outlined. It is noted that economic dam- 

age to the crop would likely be avoided because 

the percentage of egg punctures is low through 

the third generation. However, it should also be 

noted that even such a low starting population 

would grow to the estimated size of 10,000 boll 

weevils per acre by the fourth and fifth genera- 

tions. This would mean a very high overwintered 

population the next year unless strong suppres- 

sive measures were taken after the cotton crop 

was made. 

TABLE 6.—E'stimated minimum overwintered 

population of the boll weevil necessary to 

provide reasonable assurance of no need for 

in-season control 

No. No. No. 
E t ; 

Cenera weevils fruiting P ge Se weevil 

un per acre forms ercent oF progeny 

1 10 200,000 0.3 600 100 
pie 100 400,000 1.5 6,000 1,000 

3 1,000 200,000 30.0 60,000 10,000 

It is my conclusion that even if a population 

starts as low as 10 per acre, an intensive post- 

season suppressive effort with insecticides would 

have to be directed against the overwintered 

population each year in order to again reduce 

boll weevils to numbers that would make un- 

necessary in-season control measures during the 

next year. 

Based on these models, the requirements for 

an effective boll weevil management program 

seem clear. First, the overwintered population 

must be reduced to a very low level each year. 

Second, whatever suppressive measures are em- 

ployed, it will be necessary that they be applied 

to the total population. A management program 

based primarily on the use of insecticides, even 

if limited to the fall, leaves much to be desired 

as a solution to the boll weevil problem. Looking 

ahead, however, it is also my conclusion that the 

degree of insecticide-based suppression neces- 

sary for reasonable assurance that in-season in- 

secticide applications will not be needed would 

reduce the boll weevil populations to a level that 

should be manageable or one which could be 
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eliminated at relatively low cost in relation to 
the benefits by the use of pheromones, sterile 
males, or both. This will be discussed in more 
detail later in this report. 

STRATEGIC USE OF 
INSECTICIDES TO ACHIEVE 

HIGH BOLL WEEVIL 
SUPPRESSION 

A number of years ago, simulated boll weevil 
suppression models were developed to calculate 
the effect of different insecticide spray sched- 
ules directed against the last reproducing gene- 
ration and the diapausing boll weevils. The pur- 
pose of the study was to propose spray schedules 
that would reduce overwintered boll weevil popu- 
lations to a level that could be managed the next 
season by releasing sterile males. This was prob- 
ably the first effort to use modeling procedures 
based on biomathematical parameters, to calcu- 
late the effect of different spray schedules for 
suppressing the boll weevil. The results of the 
simulated suppression strategies were put to test 
by regulatory agencies in the Presidio and High 
Plains area of Texas. Details of the procedure 
used and results of this study have been pub- 
lished (Knipling 1968), and will not be discussed 
here. However, the calculations showed that if 
four sprays scheduled to suppress diapausing 
boll weevils, as suggested by Brazzel- et al. 
(1961) would achieve of the order of 90% sup- 
pression, then a total of seven sprays, properly 
timed to both minimize reproduction and kill 
diapausing boll weevils, could be expected to 
achieve of the order of 99.7% suppression. The 
meaning of percentages can be deceiving. If these 
percentage figures are regarded casually, one 
might conclude that 9.7% difference in kill is 
not very significant. Yet, in terms of survivors 

that can attack the crop the next year, this would 
mean that if the population controlled consists 
of 1,000 boll weevils, 90% kill would leave 100 
survivors, whereas, 99.7% would leave only 
three survivors. Field observations by Fye et al. 
(1968) and Adkisson et al. (1966) indicated that 
the results of the simulated suppression models 
were highly predictive of actual results that 
could be obtained in operational programs. 

From the standpoint of the dynamics of the 
boll weevil, maximum impact of insecticide 
treatments is best achieved by directing suppres- 
sive efforts against the overwintered generation. 
There are sound reasons for this based on the 
biology, dynamics, and behavior of the boll wee- 
vil. During the regular reproducing generations, 
the survivors are capable of reproduction at a 
high rate. Thus, one must take into account and 
attempt to counter the immediate increase po- 
tential of the individuals not killed. On the other 
hand, if strong suppressive measures are direct- 
ed against the last reproducing generation, the 
number of diapausing boll weevils that can 
emerge will be limited. Then, if suppressive 
measures are continued against the reduced dia- 
pausing population, the degree of kill will be 
translated into the degree of reduction in the 
boll weevils that can overwinter because they 
cannot reproduce. In addition, the survivors can 
be expected to suffer the high mortality common 
to insects during winter. Thus, the insecticide ap- 
plications have maximum impact on the size of 
a population at a time when there is also a high 
natural mortality. 

Table 7 shows the relative size of the over- 
wintered populations on one acre for an uncon- 
trolled population after a good in-season pro- 
gram by growers that has kept square infesta- 
tions below 10%. The table also shows the num- 

TABLE 7.—Number of overwintered boll weevils/acre on untreated cotton 
and on cotton receiving thorough applications of insecticides that kill 
957% of the last reproducing generation and 95% of the diapausing 
progeny 

No. weevils/acre Generation or period 
Uncontrolled population Controlled population 

Last reproducing generation ........ 1,000 x 10= 10,000 
Diapausing boll weevils ............ 10,000 
Hibernation) period. 2 asec cs e seo: 10,000 — 90 % = 1,000 

1,000 — 95 % =50 x 10=500 
500 — 95 % = 25 

25 — 90% =2.5 

* Assumes prior in-season control by growers that limits egg punctures to 10%. Reproducing 
boll weevils increase tenfold per generation. Natural mortality of 90% is assumed for both 
populations. 
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ber of overwintered boll weevils that would sur- 

vive if insecticides were applied thoroughly so as 

to reduce reproduction by the last reproducing 

generation by 95% and then continued so as to 

kill 95% of the diapausing progeny that do de- 

velop. (It is assumed that applications will start 

following the last application by the grower.) 

In the absence of control it is estimated that the 

last reproducing generation would consist of 

1,000 reproducing boll weevils per acre and that 

they would produce 10,000 diapausing boll wee- 

vils. 

About four thorough applications of insecti- 

cides at about 5-day intervals immediately fol- 

lowing the last grower application should reduce 

reproduction in a population by 95%. Also, a 

similar degree of kill of the remaining diapaus- 

ing boll weevils should be achieved by making 

four applications of insecticides at about 10- to 

14-day intervals until season’s end. Therefore, 

there is reason to have confidence in the pre- 

dicted small number of overwintered survivors 

following a well-executed reproduction-diapause 

program. In the second year of the Pilot Boll 

Weevil Eradication Experiment (PBWEE), 

when both a good in-season program and a 

thorough reproduction-diapause program were 

carried out, there is little question that the over- 

wintered population was reduced below the level 

calculated for the model. Thus, there is every 

reason to regard the model as highly predictive 

of actual suppression that can be obtained by 

the strategic use of insecticides as outlined. 
It should be pointed out that a comparable de- 

gree of boll weevil suppression would not be 

obtained if insecticides were applied to reproduc- 

ing generations during the regular growing sea- 

son. The model in table 8 shows the impact of 

95% suppression of reproduction each genera- 

tion starting with an overwintered boll weevil 

population of 1,000 per acre. What this shows 

is that there would be more boll weevils per acre 

remaining after applying 16 applications during 

four generations during the growing season, 

than 8 applications made at the strategic last 

reproducing and diapausing period. 

Table 9 shows what we might expect from 

insecticide applications applied to a population 

reduced to two boll weevils per acre, or 200 on 

100 acres. Note that 95% suppression of repro- 

duction until the fourth generation and probably 

16 insecticide applications during in-season 

would be necessary. Theoretical elimination is 

difficult because of the net increase rate of ten- 

fold for the 5% survivors each generation. Thus, 

aside from the adverse ecological effects of in- 

secticide applications during the growing season, 

the growing season is not a strategic time for 

maximum suppression by insecticide applica- 

tions when related to the dynamics of the boll 

weevil. 

In view of the importance of boll weevil con- 

trol in the fall, either for purposes of manage- 

ment or aS a Major component in an eradication 

effort, I have calculated the number of overwin- 

tered boll weevils to expect following various de- 

grees of thoroughness in the application of con- 

trol measures directed against the last reproduc- 

tive and the diapausing generations. The results 

are shown in table 10. 

It should be stressed that every component 

used in an elimination program, or even in a good 

management program, should have backup sup- 

pressive measures to make up for interruptions 

ina program because of adverse weather or other 

causes. If one or two applications of insecticides 

should be missed when applied to the reproducing 

generation, it should be possible to largely cor- 

rect for this by closing the spray intervals during 

the emergence period of the diapausing boll wee- 

TABLE 8.—Hffect of insecticides on the trend of a boll weevil population 

when thorough applications are started against an overwintered popu- 

lation of 1,000/acre 

Level of No. 
Generation No. weevils/acre suppression reproducing Increase No. 

(percent ) survivors rate prose 

1 1,000 95 50.0 10-fold 500.0 

2 500 95 25.0 10-fold 250.0 
8 250 95 12.5 10-fold 125.0 

4 125 95 6.25 10-fold 62.5 
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TABLE 9.—The estimated trend of a low level boll weevil population (2/acre) 

on 100 acres when subjected to insecticide treatments that reduce re- 

production by 95 % 

; Kill with ‘ 
Genera- No. weevils : sie No. weevils No. progeny 

; insecticides noe a eae 
tion on 100 acres (percent) reproducing p 

1 200 95 10.0 100 

2 100 95 5.0 50 

3 50 95 2.5 25 

4 25 95 <2.0 (0) 

TABLE 10.—Effect of different levels of control 

of the last reproducing and diapausing gene- 

rations on the overwintered boll weevil pop- 

ulation" 

1. No control: 

N,=N,(R,)(Sq) 
N,=1,000( 10) (0.10) =1,000/acre 

2. 80% control: 

No=N(S-i) CRF) 

N,=1,000( 0.20) ( 

8. 90% control: 

N,,=1,000( 0.10) (10) (0.10) (0.10) =10/acre 

4. 95% control: 

N,=1,000( 0.05) (10) (0.05) (0.10) =2.5/acre 

98% control: 

N,=1,000(0.02( 10) (0.02) (0.10) =0.4/acre 

(Sai) (Sa) 
10) (0.20) (0. 10) =40/acre 

Ot 

1In the models, N,=number overwintered weevils/acre; 

N,=number weevils present that could reproduce; R,=net 
increase rate of weevils that reproduce; $;=normal survival 

rate of diapausing weevils; S,; =survival rate of reproducing 

weevils subjected to control; S,; =survival rate of diapausing 
weevils subjected to control. 

vils. It would also be possible to make up for 

interrupted spray schedules in the fall by mak- 

ing one or two insecticide applications after boll 

weevils emerge from hibernation the next spring. 

Boll weevil capture rates in pheromone traps 

could serve as guides for such spring applica- 

tions. 

ROLE OF STERILE MALES FOR 
BOLL WEEVIL SUPPRESSION 
It has long been recognized that the sterile- 

male technique could play a vital role in boll 

weevil suppression. The manner in which sterile 

male boll weevils might or might not be useful 

in integrated programs for boll weevil elimina- 

tion has previously been discussed (Knipling 

1964), and will not be repeated here. However, 

it seems desirable to show how important this 

method of suppression can be. The basic model, 

already shown in table 9, can demonstrate the 
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potential advantage of sterile males over insecti- 

cides as a final elimination technique. This does 

not take into account the ecological advantages 

of employing sterile males rather than insecti- 

cides to reduce populations during the growing 

season. If a population has been reduced to a 

level of about two boll weevils per acre, which 

should be attained by a proper in-season pro- 

gram and a rigid reproduction-diapause spray 

schedule, as already discussed, we propose the 

release of 100 sterile males per acre each genera- 

tion. The Boll Weevil Research Laboratory and 

a number of other U.S. Department of Agricul- 

ture laboratories have devoted a great deal of 

research to the development of rearing and 

sterilizing procedures. This work has been dis- 

cussed by T. B. Davich and will not be reviewed 

here. 

In estimating the impact of sterile insects by 

the modeling procedure, it has been my practice 

to allow for substantial loss of competitiveness 

of the released insects because of damage at- 

tributable to sterilization and because of be- 

havioral changes that seem to occur in labora- 

tory-reared insects. Therefore, the assumption 

is made that the sterile males will be only 25% 

competitive. A tenfold net increase potential will 

be assumed as in previous models. Table 11 pro- 

jects the effects of the release of sterile insects 

on 100 acres of cotton having an overwintered 

surviving population of 200 boll weevils of both 

sexes. 

The theoretical results are very impressive. 

Whereas it was estimated that at least 16 insecti- 

cide treatments applied during four generations 

would be required to eliminate such low popula- 

tions by the use of insecticides, the release of a 

total of 200 sterile males per acre should ac- 

complish elimination in two generations. Even 

if it cost $10 per 1,000 to rear, sterilize, and 

separate sexes, the cost of the sterile-male proce- 



dure would be less than insecticides. On this 

basis, the cost of 200 sterile males per acre would 

be only $2 per acre. The cost of releasing the 

insects would be the major cost. 

In the PBWEE, the ratio of sterile-to-fertile 

males was of the order of 100 to 1 in the core 

zone.” There is every indication that the sterile 

males performed their mission even though the 

quality of the boll weevils released was generally 

low. 

While improvements in sterilization, rearing, 

and handling are needed, and there is little doubt 

that marked improvements can and are being 

made, there is no question that the release 

of sterile males can perform a vital function in 

boll weevil elimination programs. When popula- 

tions reach the point that the presence or ab- 

sence of boll weevils cannot readily be deter- 

mined by available detection methods, it may be 

much less costly to routinely release a minimum 

number of sterile males as a security measure 

than to devote a major effort to detection. 

2 See Lloyd et al., “Release of Sterile Male Boll Weevils 

in the Pilot Boll Weevil Eradication Experiment in 

1972-738,” this volume. 

The possibility of employing sterile boll wee- 

vils as a suppression system in boll weevil man- 

agement programs should not be ruled out. We 

earlier expressed the view that an overwintered 

population would have to be reduced to about 

10 boll weevils per acre to have reasonable as- 

surance of growing a cotton crop without the 

need for in-season insecticide applications. How- 

ever, insecticides would have to be employed in- 

tensively during generations 4 and 5 to again 

reduce overwintered populations to a level of 10 

per acre. Such measures would have to be used 

year after year. Table 12 projects the theoretical 

impact of sterile-male and female releases at the 

rate of 200 of each sex per acre for three genera- 

tions. As before, the released boll weevils are 

assumed to be 25 % competitive. 

Based on the calculations in the table, the 

sterile boll weevil releases would maintain a 

stable population in generations 1-3. The rate 

of increase in generation 4, even if no releases 

were made, would not be great enough to main- 

tain the overwintered population at the original 

level. It seems self-evident, however, that if a 

population could be suppressed as shown, sterile- 

TABLE 11.—The estimated effect of the release of 100 sterile male boll wee- 

vils/acre each generation after a population is reduced to 2/acre on 100 

acres of cotton 

‘ No. No. 
Genera- No. weevils Effective pa x ele 

tion Native Sterile males S:F ratio Poprodncine Wiproceny 

1 100 ¢ +100 ¢ 10,000 25:1 4 80 

2 40g + 409 10,000 62:1 <l 0 

1Assumes tenfold increase for weevils that reproduce. The effective sterile-to-fertile (S:F) 

ratio is assumed to be 25% of the actual ratio. 

TABLE 12.—The estimated effect of sterile boll weevil releases at the rate of 

200 males and 200 females/acre on 100 acres during the first three gen- 

erations when the natural overwintered population is reduced to five 

males and five females/acre: 

< No. weevils Effective No. females No. normal 
Generation = P ; 

Native Sterile S:F ratio reproducing progeny 

Ht 1,000 40,000 9:1 50 1,000 

2 1,000 40,000 9:1 50 1,000 

8 1,000 40,000 9:1 50 1,000 

4 1,000 0 500 10,000 

1Jt is assumed that reproducing females produce 20 progeny each. The effective sterile-to- 
fertile (S:F) is assumed to be approximately 25% of the actual ratio. Progeny produced in 

generation 4 are assumed to diapause. Ten percent survival would result in 1,000 boll weevils 
on 100 acres, or 10/acre. 
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male releases should continue in generation 4, 

which would mean virtual absence of boll weevils 

the next season. However, the point here is to 

indicate how sterile males rather than insecti- 

cides could be used to maintain subeconomic pop- 

ulations. 

While variable population densities as they 

generally occur in the field will no doubt require 

supplemental suppressive measures on some cot- 

ton, the models shown convey the principles of 

boll weevil management by the release of sterile 

males. Any good management program, whether 

it be based on the use of sterile males, phero- 

mones, traps, insecticide applications, or any 

other technique will require constant monitoring. 

Supplemental suppressive measures will have to 

be applied where and when necessary. As pre- 

viously noted, it probably will be necessary to 

make 6 to 8 insecticide applications in the fall at 

a cost of perhaps $12 to $16 per acre to maintain 

boll weevil populations at a level of 10 or less per 

acre. Sterilization procedures for both sexes 

would not have to be as exacting for manage- 

ment as for elimination. There is good reason to 

believe that the estimated 1,200 sterile boll wee- 

vils of both sexes required each season would 

cost less for rearing and release than the appli- 

cation of insecticides necessary to achieve the 

same results. However, the greatest benefit 

would be to control the pest by a completely selec- 

tive method which would make it possible for 

natural biological agents to achieve normal sup- 

pression of Heliothis species. It should be kept in 

mind that while the use of insecticides restricted 

to the fall may greatly minimize the effect of 

insecticides on beneficial insect complexes, there 

is still every reason to regard such treatments as 

ecologically undesirable. 

THE POTENTIAL ROLE OF 
GRANDLURE FOR BOLL 
WEEVIL DETECTION AND 

SUPPRESSION 

The identification and synthesis of the boll 

weevil sex pheromone complex grandlure (Tum- 

linson et al. 1971), and its demonstrated biologi- 

cal activity for the detection and suppression of 

the boll weevil (Hardee et al. 1971), promise 

to be one of the most important developments in 

boll weevil research since the discovery and de- 

velopment of boll weevil insecticides. 
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There is still much we do not know about 

grandlure and other insect sex pheromones and 

about how useful they will prove to be both for 

suppression and detection. However, based on 

progress made on the boll weevil, as well as on 

other insects, I feel that the potential for using 

grandlure for boll weevil elimination or manage- 

ment is very great. My confidence is based in 

large measure on the results of many simulated 

models that have been established and analyzed 

to estimate the potential for boll weevil suppres- 

sion and detection by the use of the pheromone in 

different ways. t:ven before grandlure was syn- 

thesized, models were established to appraise the 

potential for using males in traps as a means of 

suppressing low-level population (Knipling and 

McGuire 1966). 

The theory originally advanced that the ef- 

ficiency of boll weevil pheromones and other in- 

sect sex pheromones used in traps will be influ- 

enced by the density of the target pest has been 

confirmed in principle for the boll weevil and 

other insects (Lloyd et al. 1972, Roelofs et al. 

1970). Thus, all models take into account com- 

petition between pheromone-baited traps and 

males that produce the natural pheromone. The 

use of the pheromones in traps placed around 

cottonfields or in trap ¢rops as employed in the 

pilot experiment will not be discussed here, but 

I have had particular interest in the use of grand- 

lure-baited traps placed inside cottonfields for 

boll weevil suppression and for boll weevil de- 

tection along lines recently reported by Mitchell 

and Hardee (1974). 

My preliminary theoretical study of the po- 

tential value of in-field traps for the suppression 

and detection of low-level boll weevil populations 

was distributed to a few investigators. The title 

of the paper is “An Analysis of the Potential 

Role of Grandlure Baited Traps Inside Cotton 

Fields for the Suppression and Detection of Boll 

Weevil Populations” (Oct. 5, 1978, 61 pp., 

mimeo). 

The characteristics of grandlure as an ag- 

gregating attractant for both sexes, as well asa 

sex attractant for females seeking males for mat- 

ing, are matters of great potential importance. 

It is difficult to establish models to estimate the 

efficiency of baited traps or baited trap-crop 

plantings against overwintered boll weevils be- 

cause there is no way of knowing the degree of 

competition that may exist between the males 



_ before they begin producing the natural phero- 

mone and the synthetic pheromones placed in 

traps or trap plantings. It seems reasonable to 

assume that the cotton plants are also very much 

involved in the competition between traps and 

pheromone-producing males. The degree of ef- 

ficiency of currently employed traps in actual 

_ capture of boll weevils that respond is not known. 

_ Therefore, it is necessary to make certain as- 
sumptions in order to estimate the potential of 

pheromone suppression systems. From the ob- 

servations of many investigators it is known, 

however, that the pheromone is a powerful at- 

tractant for both sexes of the boll weevils emerg- 

ing from hibernation, and the recent report by 

Mitchell and Hardee presenting preliminary re- 

sults with in-field traps indicates that the 

pheromone is a powerful attractant for unmated 

females emerging in cottonfields. We also know 

that females emerging in cottonfields must find 

males and mate before they can reproduce. 

Therefore, there is no question that the phero- 

mone has great attractant power. Its ultimate 

effectiveness will be a matter of developing its 

potential for boll weevil control. The use of theo- 

retical models and assumed parameters may be 

an important aid in developing this potential. 

USE OF IN-FIELD TRAPS TO 
CONTROL OVERWINTERED 

BOLL WEEVILS 
It is my view that the density of the natural 

boll weevil population will determine the degree 

of effectiveness of in-field traps baited with 

grandlure, whether we are dealing with boll 

weevils emerging from hibernation after fruit- 

ing begins, or boll weevils emerging in cotton- 

fields during the F, and subsequent generations. 

However, the degree to which unmated females 

emerging in cottonfields will be attracted to 

traps in all probability will be governed entire- 

ly by the density of the natural male population 

and the competition they give to the traps for 

the attraction of the females. 

Since both sexes of overwintered boll weevils 

respond to the pheromone, whereas there are 

indications that only unmated females in the F, 

and F, generations respond, it is necessary to 

establish different parameters in order to esti- 

mate the potential usefulness of in-field traps. 

The assumption will be made that a trap baited 

with grandlure will have attractant power for 

unmated females that is equal to the attractant 

power of feeding males. While this has not been 

established, data are available which indicate 

that a pheromone-baited trap will capture about 

as many boll weevils of both sexes as a trap baited 

with four males feeding on cotton squares. It is 

also assumed that in-field traps will be available 

that capture or destroy the females when they 

respond to the traps. It may seem overly opti- 

mistic to assume that traps will be equal to feed- 

ing males in attracting females. On the other 

hand, it is also possible that pheromone-baited 

traps could be more powerful than feeding males 

in attracting females. There are already broad 

indications that pheromones for a number of in- 

sect species, when used in traps, will capture 

more males than unmated females placed in 

similar traps. The estimated effect of traps in 

capturing female boll weevils will be based on one 

mating only for females. It is known, however, 

that some females seek males for second or even 

more matings. This could be a very strong ad- 

ditional suppression factor that is not provided 

for in the models, and which could offset assump- 

tions that may be too optimistic. It is possible, 

too, that the pheromone emanating from traps 

will result in confusion of females and either 

prevent or delay mate-finding at very low densi- 

ties. 

The estimated effect of traps will be consider- 

ed only for low level populations. The potential 

value of in-field traps will first be considered for 

overwintered populations that have been re- 

duced to 10 per acre. There is every reason to 

believe that this level of suppression can be at- 

tained in any area of the Cotton Belt, and in 

some areas, the population may not exceed this 

number without prior suppression. It was sug- 

gested earlier that 10 boll weevils per acre would 

be the maximum which would assure no need 

for insecticides during the regular growing sea- 

son. Thus, on the premise that eventually it will 

be necessary to reduce populations to such a low 

level for purposes of good boll weevil manage- 

ment, estimates will be made of the potential for 

continuous management by the use of in-field 

traps. It is proposed that traps be used at the 

rate of 10 per acre. This would mean that the 

distance between traps will be about 66 ft. The 

spatial relationship of traps to competing males 

for the attraction of females will undoubtedly 

have an important influence on the effectiveness 
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of in-field traps. Thus, the maximum number 
of traps that would be practical to use may be 
one of the most important factors in the ef- 
ficiency of the trapping system. An arbitrary as- 
sumption is made that only half the overwinter- 
ed males will be captured by the traps as they 
enter the cottonfields. Those not trapped will 
become competitive with the traps for the at- 
traction of the females that enter the fields. The 
population will occur on 100 acres of cotton in 
which 1,000 traps are in operation. Both males 
and females will enter the 100-acre field at the 
rate of 25 males and 25 females per day on 20 
different days. This will account for the total 
population of 500 males and 500 females on 100 
acres of cotton. It is well recognized that boll 
weevils do not emerge from hibernation and 
enter fields at a uniform rate; however, the use 
of averages will make the model more simple and 
should not substantially affect the final result. 

On the basis of the assumptions outlined, the 
calculated degree of control of the females is 
shown in table 13. 

The ratio of traps to-feeding males starts at a 
level of 80:1 on day 1. This would mean that 
only one of 81 females would be expected to 
mate with a competing male and 80 would be 
captured. On the basis of the presence of only 
25 females on day 1, this would mean that the 
female mating rate would be 0.3. However, as the 
number of competing males increases, the ratio 
of the attractant power of the traps to that of 
the males diminishes. No allowance is made for 
natural mortality, so by the time all males have 
entered the field, the ratio of traps to competing 
males would be only 3.8:1. This would mean that 
5.2 of the 25 females entering the field on the 
last day would be expected to mate (1/4.8 25— 
5.2). 

By the time emergence of overwintered boll 
weevils is completed, a total of 57 females would 
mate and 443 would be captured. This would 
compare with 500 mated females for an uncon- 
trolled population. The percentage control would 
be 88.5 %, calculated as follows: 

100—[ (57.4 100) /500] —100—11.5—88.5. 

If the simulated suppression model is reason- 
ably predictive of actual results to be expected 
from in-field traps, this would provide an effec- 
tive and a desirable means of control. Based on 
20 progeny from each mated female, the F, popu- 

142 

{ 
TABLE 13.—The estimated number of female boll { 

weevils that will be captured in 1,000 in-field 

traps operating in 100 acres of cotton: 

No. feeding Ratio of traps No. females 

males to males Captured Mating 

1 12.5 80:1 24.7 0.3 

2 25.0 40:1 24.4 6 

3 37.0 26:1 24,1 9 
4 50.0 20:1 23.8 1.2 

5 62.0 16:1 23.5 ile) 

6 75.0 13.3:1 23.3 alee 

i 87.0 11,421 23.0 2.0 

8 100.0 10:1 DONT 2.3 
9 112.0 8.8:1 2205 2.5 

10 125.0 8:1 229; 2.8 

11 137.0 Mess 22.0 3.0 
12 150.0 66:1 Plat 3.3 
13 162.0 6.1:1 21.5 3.5 

14 175.0 Dae 2.3 Sul 

15 200.0 5:1 20.9 4.1 
16 212.0 4.7:1 20.6 4.4 

Ike 225.0 4.4:] 20.4 4.6 

18 237.0 4.2:1 20.2 4.8 
19 250.0 4:1 20.0 5.0 

20 262.0 3.8:1 19.8 De, 

TRG bale ekch seep tus) Wey Salen mS Ue ce LCE ee 57.4 

' Males and females are assumed to enter fields at the rate 
of 25/day for 20 days. Half the males are assumed to escape 

capture and begin producing pheromones in competition with 

the traps. Expected females mating in an uncontrolled popu- 
lation=500; in controlled population=57. Percent con- 
trol=88.5, 

lation would be 11.4 per acre. This would repre- _ 
sent a slight increase over the overwintered pop- 
ulation. The continued use of in-field traps dur- 
ing the F, generation should exert considerable 
suppression, but the behavior of the boll weevils 

during egg deposition is such that emerging F, 

progeny in all probability would be highly con- 

centrated, and the in-field traps would be sub- 

stantially less effective. When boll weevils enter — 

cottonfields from hibernation, the pheromone 

traps should prevent the usual aggregating be- 

havior of the males and females. Such dispersion 

of boll weevils emerging in the F, generation is 

not likely to prevail. While no model will be pre- 

sented, if females only respond to traps during 

the F, emergence period, the overall trap-to-male 

ratio would be less than 2:1 during the F, genera- 

tion. However, the spatial relationship of the 

males and females to the traps would likely be- 

come a major factor in trap-capture efficiency. 

If we assume the emergence of six males and six 



females per acre in the infested areas during a 

20-day period, and if the emerging boll weevils 

tend to be concentrated, the degree of control 

would probably not exceed 75 %. While theoreti- 

cal suppression of reproduction by 88% for the 

first, or overwintered generation, and 75% for 

second, or F, generation, would have a major im- 

pact on the seasonal growth of the population, 

the traps alone may not obviate the need for 

some insecticide applications during the F, and 

F, generations in order to again reduce the over- 

wintered population to a level of 10 per acre. 

Nevertheless, the model suggests that pheromone 

traps should come close to maintaining sub- 

economic populations in most boll weevil areas 

without the need for insecticide applications if 

the populations are once brought down to a level 

of about 10 boll weevils per acre. 

I have used an overwintered population of 10 

boll weevils per acre to calculate the potential 

value of in-field traps. If the population has been 

reduced to a level of about two per acre, which 

seems readily possible by the use of a thorough 

reproduction-diapause spray program, the in- 

field traps alone, based on the parameters, should 

achieve of the order of 98% capture of the fe- 

males, which would mean that only about two 

reproducing females would occur on 100 acres. 

APPLICATIONS OF 
INSECTICIDES SUPERIMPOSED 
ON IN-FIELD TRAPS FOR THE 

SUPPRESSION OF 
OVERWINTERED BOLL 

WEEVILS 
Based on the theory advanced concerning the 

mechanism of suppression achieved by in-field 

traps, one can postulate that insecticide appli- 

cations superimposed on the use of traps would 

provide a very powerful added suppression com- 

ponent. While there are serious objections to the 

use of any insecticides early in the season, such 

a combined attack for 1 year might be given 

serious consideration as a very effective and low- 

cost method of achieving elimination of popula- 

tions. The insecticide applications would produce 

two effects. They would reduce male competition, 

and thus increase the action of the pheromone 

traps. They would also contribute to overall sup- 

pression by killing most of the mated females 

escaping capture before they can deposit the 

usual number of eggs. 

TABLE 14.—The theoretical effect of insecticide 

applications superimposed on the action of 

1,000 in-field traps for boll weevil suppres- 

sion on 100 acres of cotton 

No. feeding Ratio of traps Females 

Day males to males mating 

1 12.5 80:1 0.3 

2 25.0 40:1 6 

3 37.0 26:1 “9 

4 50.0 20:1 1.2 
5 62.0 16:1 1.5 

6 75.0 13.3:1 ei 

27 20.0 50:1 mo) 

8 32.0 81:1 8 

9 45.0 22:1 iat 
10 57.0 ibe@{sipal L4 

11 70.0 14.3:1 Lz 
12 82.0 12.2:1 1.9 
13 95.0 10.5:1 2.2, 

214 22.0 45.5:1 a) 
15 34.0 30:1 8 
16 47.0 21.3:1 11 

17 60.0 14:1 1.4 

18 72.0 11.8:1 1.7 

19 85.0 11.8:1 1.9 

20 97.0 10.4:1 2.2, 

A Boy all Rectan Aaa ao ELORa Chola CRS CRI eC CERO RE REE ny CRO GTRN ceed 95.4 

1 See text for parameters. Females assumed to enter fields 

at rate of 25/day for 20 days. 25.4 mated females expected in 

treated area, 500 in untreated area. Theoretical control at- 

tributable to pheromone traps=95%. 
2 Insecticide applications. 

Table 14 projects the effect of insecticide ap- 

plications superimposed on day 7 and day 14 

on the action of the pheromone traps. It is as- 

sumed that 90% of the males and females that 

have escaped capture will be killed each treat- 

ment. This, in effect, would reduce the compe- 

tition of the feeding males and make the traps 

more effective for the capture of females. Based 

on the calculations, only 25 females would be 

successful in mating. This would mean 95 % con- 

trol as a result of the pheromone traps. Theoreti- 

cally, it would be necessary to operate 20 traps 

per acre, or perhaps slightly more, to achieve 

95% control with traps alone. In effect, there- 

fore, the insecticide applications would poten- 

tiate the action of the pheromone traps. In ad- 

dition, however, the insecticide applications 

would kill a substantial number of the females 

that were successful in mating. On the basis of 

90% kill of females each treatment, it is esti- 

mated that two insecticide applications would 

reduce the reproductive capability of the mated 
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females by 65%. Thus, suppression of 95% due 

to the traps and suppression of 65% due to the 

insecticide applications would aggregate 98.25 % 

control. On this basis, the equivalent of only nine 

females would reproduce on 100 acres or less 

than one on 10 acres. Such reduction should make 

the use of in-field traps alone sufficiently effec- 

tive during the F, generation to virtually elimi- 

nate the population. 

One additional insecticide application would 

make the traps even more effective. A model will 

not be presented, but if insecticides were apnvlied 

on the 5th, 10th, and 15th days, it is estimated 

that the effectiveness of the pheromone traps 

would increase to 97.6% or the equivalent of 

about 40 traps alone. Also, it is estimated that 

three insecticide applications would reduce re- 

production of the mated females by 75%. The 

aggregate effect in such case would be 99.4%. 

This would mean that the equivalent of only three 

females would be successful in reproducing on 

100 acres. The use of insecticides would have 

another important effect. Most of the few fe- 

males that mated would be killed before they 

could deposit many eggs. Consequently, there 

would be relatively few F, progeny that would 

be highly concentrated, which would increase the 

efficiency of the pheromone traps during the F, 

emergence period. 

Four insecticide applications superimposed on 

the use of the pheromone traps would virtually 

assure complete suppression of reproduction. If 

applications were made on the 5th, 10th, 15th, 

and 20th day, this would not add further to the 

action of the traps. However, the additional in- 

secticide applications would add greatly to the 

action of the insecticide component. It is esti- 

mated that suppressive action due to the traps 

would remain at 97.6% and suppression due to 

the insecticides would increase to about 95%. 

The combined action would be 99.89%. This 

would mean that reproduction by females would 

be reduced to less than one (actually 0.55) on 

100 acres. 

Table 15 summarizes the estimated action of 

in-field’ traps alone and that of the integrated 

systems based on the above estimates. If the pro- 

jected effects are reasonably correct, the two 

control techniques employed simultaneously 

could provide a very powerful method of boll 

weevil elimination. The use of insecticides early 

in the season would be objectionable, but if the 
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TABLE 15.—Summary of the theoretical effect 

on reproduction of a low-level overwintered 

boll weevil population subjected to simul- 

taneous operation of 10 in-field traps per 

acre and applications of insecticides 

No control, 500 females reproduce on 100 acres. 

2. Traps alone: 
57 females reproduce on 100 acres=88.5% control. 

3. Traps plus insecticide applications on the 7th and 14th 
days: 

a. Suppression due to traps=95%. 
b. Suppressivi due to 2 insecticide applications = 65% . 

c. 9 females reproduce on 100 acres=98.25% con- 

trol. 

4. Traps plus insecticide applications on the 5th, 10th, and 
15th days: 

a. Suppression due to traps=97.6%. 

b. Suppression due to 8 insecticide applications = 75 %. 

c. 3 females reproduce on 100 acres=99.4% con- 

trol. 

5. Traps plus insectizide applications on the 5th, 10th, 15th, 
and 20th days: 

a. Suppression due to traps=97.6%. 

b. Suppression due to 4 insecticide applications =95%. 
c. Less than one (0.55) female reproduces on 100 

acres = 99.89% control. 

1 See text for parameters. 

combined action of the traps and insecticide 

treatments had the results postulated, a boll wee- 

vil management program could be converted to 

an elimination program at a cost that probably 

would be less than the cost of management each 

year. 

The models discussed well exemplify a pre- 

viously stated fundamental principle of insect 

suppression (Knipling 1966): The simultaneous 

or sequential integration of two noninteracting 

techniques of insect population suppression that 

differ in efficiency depending on the density of 

the target pest will be more effective than the 

sum of the actions of each method employed 

alone. 

It is my view that recognition and full develop- 

ment and application of this important principle 

of insect population suppression will have a great 

impact on pest management strategies for the 

tuture. 

If the general magnitude of effect of in-field 

traps as calculated for the models could be con- 

firmed in practice, this method of suppression 

would represent a great advance for boll weevil 

management and boll weevil elimination tech- 

nology. 



Time will not permit a detailed discussion of 

other integrated systems. Unfortunately, from 

a theoretical standpoint, the simultaneous use of 

pheromone traps and sterile-male releases would 

not provide a highly effective integrated system. 

The sterile males would compete with the traps 

for the attraction of unmated females and very 

little suppression could be expected above that 

which sterile males alone would achieve. More- 

over, the addition of sterile males would virtually 

destroy the sensitivity of the traps as a detection 

method. Sterile males could, however, provide a 

useful and desirable method of eliminating wide- 

ly scattered but localized incipient infestations 

that would be too high for in-field traps to sup- 

press. It should also be mentioned that properly 

timed insecticide applications and sterile-male 

releases would make a powerful integrated sys- 

tem. Not only would the use of insecticides re- 

duce the number of males competing with traps, 

but by reducing the accumulation of fertile 

males, insecticide applications would make the 

subsequent sterile male releases more effective. 

USE OF GRANDLURE TO 
REDUCE THE RISK OF 

DEVELOPING INSECTICIDE- 
RESISTANT BOLL WEEVILS 
In developing the use of grandlure as a com- 

ponent in boll weevil suppression systems, in- 

vestigators should take into consideration the 

role it could play in reducing the risk of the 

segregation of insecticide-resistant strains of the 

boll weevil. In the absence of approved and ef- 

fective alternate materials, resistance to cur- 

rently available insecticides by the boll weevil 

could create a problem of major consequences to 

the cotton industry. This potential problem alone 

is strong justification for the development and 

use of new materials or methods of boll weevil 

control that have different modes of action, such 

as the pheromones, sterile males, or new types 

of insecticides, in order to reduce the chances 

that insecticide-resistant boll weevils will ap- 

pear. The use of grandlure for suppression, 

whether the goal is year-to-year management or 

eradication, could greatly reduce the risk of re- 

sistance. However, it should be pointed out that 

if grandlure is used in a trap-crop system or for 

the purpose of concentrating the boll weevils in 

limited portions of cottonfields, it will still be 

necessary to employ available organophospho- 

rous insecticides to destroy the insects that are 

attracted to the grandlure. Thus, such a method 

of using grandlure could be of value in sub- 

stantially reducing the overall quantity of in- 

secticides required for boll weevil control, but 

would not lessen the chances that insecticide-re- 

sistant strains of the insect would develop. 

Therefore, it seems important to continue efforts 

to develop trapping systems or other ways of 

using grandlure that will not necessitate the 

use of insecticides of the type now employed to 

control the boll weevils, or to develop materials 

for destroying the boll weevils attracted to the 

trap crops that have a different mode of action 

from those now used for routine control. 

USE OF IN-FIELD TRAPS FOR 

THE DETECTION OF 
INCIPIENT INFESTATIONS 

OF THE BOLL WEEVIL 
One of the most difficult problems in the con- 

duct of insect elimination or containment pro- 

grams is the detection of low-level incipient in- 

festations. Perhaps most of the controversy in 

interpreting the degree of success of the PBWEE 

revolves around the sensitivity of methods em- 

ployed to detect the presence or absence of the 

insect in the eradication zone. It is not surpris- 

ing, nor was it unexpected, that questions should 

be raised as to the validity of conclusions that 

the feasibility of eradication was demonstrated 

if no boll weevils were detected by the methods 

employed. While E. P. Lloyd and W. P. Scott?® 

have shown that the methods of detection used 

in the intensively surveyed fields can detect very 

low reproduction, the nearer the population ap- 

proaches zero, the more difficult it becomes to 

detect the presence of infestations. This, of 

course, applies for any other insect. It is not 

possible to prove the existence of zero popula- 

tion. 

The use of insect sex pheromone traps, in my 

view, offers a method of detection for insects 

that will completely revolutionize detection and 

population-assessment technology in the future, 

whether we are dealing with the boll weevil or 

any other insect for which powerful sex phero- 

mones are available. Moreover, coupled with the 

3 See “Intensive Sampling of Twenty-five Selected 

Fields in Eradication and First Buffer Areas of the Pilot 

Boll Weevil Eradication Experiment in 1978,” this 

volume. 
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advances that are being made on new technology 

for suppressing insects, the availability of a 

highly sensitive method of detecting very low- 

level populations should tend to change concepts 

of thinking on the best strategies to employ in 

dealing with many of our major pests. 

Predictive models were developed a number of 

years ago, and it was postulated on theoretical 

grounds that sex pheromone traps would pro- 

vide a highly sensitive means of detecting the 

presence of low populations in relation to other 

methods of detection for pests like Heliothis and 

the pink bollworm. For example, it was concluded 

that pheromone traps would have no particular 

advantage over light traps when the populations 

were moderate to high, but they should prove to 

be much more sensitive when the populations are 

low. This has been confirmed in principle by W. 

J. Snow et al. (1972). 

I have given a great deal of attention to the 

potential role of in-field traps as a means of 

detecting the presence of low-level incipient pop- 

ulations of the boll weevil as they might exist 

in cottonfields. If the results of theoretical cal- 

culations to be discussed hold true, the use of a 

substantial number of in-field pheromone traps 

per acre will offer a method of detecting low pop- 

ulations that will far exceed the sensitivity of 

any other methods known. This will apply not 

only for the boll weevil but for any other insect 

that responds to sex pheromone traps. 

In estimating the degree of sensitivity of 

grandlure-baited traps for boll weevil detection, 

the assumption is made as before that a trap will 

be equal to a feeding male for the attraction of 

an unmated female. However, it might be pointed 

out that the traps should still prove to be highly 

sensitive for detection even if they are substan- 

tially less effective than males in attracting fe- 

males, or if the capture efficiency is substantial- 

ly less than 100%. 

The estimated degree of sensitivity for detec- 

tion will be based on the ratio of traps to com- 

peting males when both are in range of detec- 

tion by females seeking mates. 

It is proposed that traps be used at the rate of 

10 per acre and that they be examined at about 

7-day intervals. While the degree of concentra- 

tion of the males and females when mating oc- 

curs will obviously influence the degree of com- 

petitiveness of traps in relation to males, the 

calculations are based on the assumption that 

146 

one acre constitutes the area of competition for 

males and traps, and also constitutes the area of 

response by unmated females. 

The behavior of females in distributing eggs 

during their lifetime and the extent of movement 

of males before they begin producing pheromone, 

as well as the extent of movement of the females 

before they begin seeking mates, will unques- 

tionably become very important factors govern- 

ing the sensitivity of traps for the detection of 

unmated females emerging in the field. Trap 

spacing at about 66-ft intervals should place such 

traps in close range of any females seeking 

males. But it must be recognized that pheromone 

producing males and unmated females originat- 

ing from a single parent may tend to be even 

more concentrated. 

It might be pointed out that any tendency to 

remain concentrated could be an advantage as 

well as a disadvantage in dealing with the boll 

weevil. If females existing at very low density 

levels have a strong tendency to concentrate egg 

laying in a highly restricted area during their 

entire reproductive life, this would be an ob- 

jectionable feature from the standpoint of de- 

tecting and suppressing the progeny by the use 

of traps, but this type of behavior would also 

make it possible to effectively destroy any in- 

cipient populations by applying control measures 

to a limited area when incipient infestations are 

detected. 

The greater the tendency to remain concen- 

trated, the more important it will be both from 

the standpoint of control and detection to use as 

many in-field traps as practical. However, based 

on the previously-stated assumption that each 

acre constitutes the area occupied by an incipient 

infestation, we can determine the probability of 

detecting different sized incipient populations 

when traps are used at the rate of 10 per acre. 

If a single male and a single female emerge, 

the probability of detecting the incipient popu- 

lation will be 10:1 or 91%. There is no other 

detection method that even approaches this de- 

gree of sensitivity for detecting the presence of 

one female boll weevil, especially before she be- 

gins laying eggs. This degree of sensitivity would 

hold whether the male and female emerge in a 

l-acre field or a 100-acre field. If only a female 

emerged, theoretical detection should be 100%. 

If the incipient population consists of two 

males and two females that will emerge on dif- 



_ ferent days, the probability of detecting the 

| existence of the infestation would be 10:1 for 

the first female, and 10:2 for the second, be- 

_ cause the ratio of traps to the first male would 

_ be 10:1 but the ratio would be 10:2 after the 
_ second male emerges and becomes competitive. 

Therefore, the probability of detecting the exis- 

| tence of the infestation by the capture of at least 

one of the females would be 98.5% (91% +83/ 

LOOK 9==98:5).. 

The probability of detecting an infestation in- 

_ creases as the size of the incipient population 

becomes larger. If 10 males and 10 females 

| emerge on one acre, the chances of capturing at 

least one of the females would be approximately 

99.999 % . In other words, if one female produces 

| 20 progeny and their emergence is limited to one 

' acre, the odds of not detecting the infestation 

would be only 1 in 100,000. This would be the 

_ odds whether the incipient population occurred 

in fields of 1, 10, 100, or 1,000 acres. This, of 

course, would represent a detection probability 

that is fantastically high. If the infestation were 

limited to an area of less than one acre, the 

probability would of course be less. But, even 

if only one female from a single parent should 

move or emerge outside of an acre before seek- 

ing a mate, the probability of capturing the 

stray female would theoretically be 100% pro- 

vided no males are within competitive range of 

the traps. 

It might be overly optimistic to assume that 

pheromone traps will have the attractant power 

and capture efficiency that have been specified. 

On the other hand, as already stated, pheromone 

traps and formulations might eventually be de- 

veloped that are even more competitive than a 

calling male. As noted previously, pheromone 

traps for other insects now in use or under in- 

vestigation seem to be more competitive than 

unmated females for a number of insects. 

A point that should again be emphasized is 

that in-field traps employed in a boll weevil 

elimination program could play a vital role from 

the standpoint of both suppression and detection 

of low-level populations. If very low-level in- 

festations exist, but are widely scattered, the 

traps alone should provide adequate suppres- 

sion. On the other hand, if the overall infestation 

is very low but highly concentrated, the traps 

would be less effective from the standpoint of 

suppression, but should be sufficiently effective 

in detecting where the incipient infestation 

exists to permit immediate supplemental action 

to suppress or eliminate the infestation. It should 

be a rather simple matter to destroy highly re- 

stricted incipient infestations by the use of in- 

secticides or by the release of sterile males. Also, 

since the unmated females respond to the traps, 

the incipient infestation should be detected be- 

fore or very soon after egg laying begins. Other 

systems of detection, such as flared square ex- 

aminations, cannot show the existence of infes- 

tation until several days after oviposition has 

already taken place. 

Based on the various parameters and condi- 

tions previously specified, table 16 summarizes 

the estimated effectiveness of in-field traps for 

suppressing and detecting very low-level in- 

cipient populations of the boll weevil. The esti- 

mates are made for different sized incipient in- 

festations ranging from one male and one fe- 

male, to 10 males and 10 females, on one acre 

of cotton containing 10 in-field traps. 

SUMMARY AND CONCLUSIONS 
The uncoordinated use of insecticides and 

other control measures as practiced during the 

past half-century will never resolve the boll wee- 

vil problem in a satisfactory manner. The pest 

will continue to cause high losses, and intensive 

use of insecticides will be required year after 

year, which in turn will result in a continuation 

of ecological disturbances that intensify boll- 

worm, budworm, and other pest problems. Two 

alternatives for a more acceptable solution to 

these problems should be given serious consider- 

ation by those responsible for dealing with them. 

TABLE 16.—The estimated efficiency of in-field 

traps baited with grandlure for the control 

and detection of low-level boll weevil popu- 

lations emerging in cottonfields over a pe- 

riod of time 

1. 1 male and 1 female emerging/acre: 

Theoretical control=91%. 

The probability of detection=91%. 
2. 2 males and 2 females emerging/acre: 

Theoretical control= 87%. 

The probability of detection=98.5%. 

3. 5 males and 5 females emerging/acre: 

Theoretical control=74%. 
The probability of detection=99.9%. 

4. 10 males and 10 females emerging/acre: 

Theoretical control=about 67%. 
The probability of detection=99.999 %. 
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(1) The institution of a well-organized and uni- 

fied boll weevil management program designed 

to reduce populations each year to a level that 

will not require in-season applications of insecti- 

cides. This is necessary to make possible effec- 

tive management of the bollworm, budworm, and 

other secondary pests by integrated systems that 

rely primarily on natural biological control. 

(2) The institution of a program designed to 

eliminate the boll weevil from all areas of the 

Cotton Belt and maintain elimination of incipient 

infestations that may result from infiltrations 

from Mexico or from wild hosts in South Texas. 

Based on an analysis of the dynamics of the 

boll weevil and current methods of suppression, 

intensive use of insecticides will be required in 

the fall each year to reduce overwintered popu- 

lations to a level that will assure no need for in- 

season insecticide applications. However, based 

on simulated suppression models, the prospects 

are excellent that such reduced populations will 

be amenable to further suppression or elimina- 

tion by employing the boll weevil pheromones 

and sterile males, two techniques that are com- 

pletely selective in action on the target pest. 

The principles and mechanisms of suppression 

inherent in these new techniques when employed 

alone and when employed as components in in- 

tegrated systems add new dimensions to boll 

weevil suppression strategies. The use of in-field 

pheromone traps as a method of suppression 

andas a highly sensitive method of detecting low- 

level populations shows unusual promise, based 

on theoretical suppression models. 
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THE ELIMINATION CONCEPT AND ITS ALTERNATIVES 

By L. D. Newsom} 

Misunderstandings often arise because terms 

are not clearly defined. In order that I not be 

misunderstood, there are two words in the title 

of my discussion that require definition. The 

first, “elimination,” comes from “eliminate,” 

which is defined in most dictionaries as “to re- 

move and get rid of.”’ One of the synonyms listed 

for “eliminate” is “eradicate.” It is obvious that 

this conference was designed to set the stage for 

the implementation of a program having as its 

objective the eradication of the boll weevil from 

the United States, and I therefore suggest that 

we substitute for “elimination” the more honest 

and forthright term “eradication.”” The second 

word, “concept,” is defined as ‘a thought, an 

opinion, or an idea.” 

Eradication is the most preferable of all tac- 

tics for managing populations of the boll weevil, 

or any other pest species, because it is perma- 

ment, and when the technology for eradicating 

any pest species is proved to be available at ac- 

ceptable costs, economically and environmental- 

ly, I will be one of the strongest proponents of 

the tactic. Until that time, however, I shall con- 

tinue to view efforts to control the species by 

eradication as a serious handicap to its control 

by a strategy based on the sound and proved 

practices of applied ecology; that is, a strategy 

that has come to be called pest management. 

I am well aware that many persons are as 

firmly convinced that the technology is now 

available for accomplishing eradication of the 

boll weevil as I am that it is not. I have a number 

of reasons for being convinced that the tech- 

nology is not available for eradicating the boll 

weevil from the United States, the foremost 

being that I have great confidence in the com- 

petence of the two technical committees which 

evaluated the results of the Pilot Boll Weevil 

1 Head, Department of Entomology, Center for Agri- 

cultural Sciences and Rural Development, Louisiana 

State University, Baton Rouge, La. 70803. 

Eradication Experiment (PBWEE). Both com- 

mittees, working independently, apparently ar- 

rived at the same conclusion. 

The Entomological Society of America Review 

Committee concluded that “eradication was not 

accomplished in the core area.”’ The Committee 

was divided as to whether or not technical feasi- 

bility of eradication of boll weevil populations 

had been demonstrated, but unanimously ex- 

pressed reservations concerning any massive 

eradication undertaking without further vre- 

search to refine suppressive techniques. They 

were cognizant of the very complex operational 

difficulties that must be overcome if and when 

amore extensive boll weevil eradication is under- 

taken. The Committee emphasized the need for 

improvements in mass production procedures, 

sterilization procedures, and surveillance tech- 

niques. 

The Technical Guidance Committee for the 

PBWEE, in a very carefully worded statement 

assessing results of the eradication experiment, 

did not claim that eradication of the boll weevil 

from.the United States was technically and 

operationally feasible. Their conclusion instead 

was “... that it is technically and operationally 

feasible to eliminate the boll weevil as an eco- 

nomic pest in the United States...” (italics 

mine). 

I don’t know what “eliminate as an economic 

pest” means, and I hope that some member of 

that Committee will yet define the term. I know 

one thing it means, however, and that is that 

the committee was unwilling to state that it is 

technically and operationally feasible to eradi- 

cate the boll weevil from the United States. 

Thus, neither committee concluded that eradi- 

cation was achieved in the PBWEE. However, 

the wording of both reports suggests that there 

was sharply divided opinion within each com- 

mittee. Apparently the division of opinion was 

so extreme in one committee that it chose not to 

deal with the subject of eradication at all. In- 
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stead, its conclusions dealt with something that 

was not originally an objective of the experi- 

ment; namely, the technological and operational 

feasibility of eliminating the boll weevil as an 

economic pest in the United States. 

Developing a ‘National Program To Eliminate 

the Boll ‘Weevil From the United States” is cer- 

tainly the most ambitious plan of its sort yet 

conceived. It deserves a firmer foundation than 

the results of an experiment that are so highly 

equivocal. 

May I suggest that the conclusions of the two 

groups of eminent scientists who so carefully 

assessed the results of the PBWEE be given top 

priority by the officials whose responsibility it 

is to decide whether or not to recommend imple- 

mentation of the proposed plan for eradicating 

the boll weevil from the United States. 

Both committee reports recognized problems 

of major concern to the success of the proposed 

plan as being those involved in mass production, 

sterilization, and surveillance procedures and 

techniques. Techniques for rearing the huge 

numbers of boll weevils required for sterilization 

and release in such a program have not been 

sufficiently perfected. Serious problems in rear- 

ing were encountered in the PBWEHE, and quotas 

were not produced as scheduled. This occurred 

in a situation where the most capable personnel 

available were operating the rearing facility. It 

is unreasonable to expect less trouble when the 

rearing operation is expanded to the extent re- 

quired. The problems encountered in expanding 

mass-rearing operations for the pink bollworm 

in Arizona are illustrative of what may be ex- 

pected with the boll weevil. 

Surveillance techniques are still woefully in- 

adequate, as demonstrated by failure to find one 

field in the core area until 1972. This occurred 

during a time when growers were required to 

report plantings. They will be less likely to re- 

port plantings under the new farm program in 

which one is free to plant as much cotton as he 

pleases without being required to report any of 

it. Clearly, it will be most difficult, if not im- 

possible, to get full cooperation of growers any- 

where. The problem of getting growers to proper- 

ly treat acreage where the boll weevil is not an 

economic pest is virtually insurmountable, and 

such areas make up at least 30 % of the total. The 

only possible solution to the problem appears to 

be the development of a more effective and de- 
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pendable surveillance technique than is now pres- 

ent. 

The problem of wild host plants creates an 

equally critical need for the development of a 

more effective surveillance technique. The Tech- 

nical Subcommittee that developed the proposal 

in assessing the wild host problem states, “It 

would seem that only Hibiscus syriacus, Thes- 

pesia populnea, Cienfugosia sulphurea would 

pose much of a problem...” (italics mine) 

However, it does not require “much of a prob- 

lem” to wreck an “eradication” program. If a 

cottonfield can be missed for more than a year 

in an area monitored so intensively as was the 

core area in the pilot experiment, how much 

more difficult will it be to locate and delimit “‘all 

colonies” of Cienfugosia drummondii in the 

Coastal Plain of Texas and in South Texas? How 

important as alternate hosts of the boll weevil 

are Thespesia populnea and Hibiscus syriacus? 

Do we know that the boll weevil does not occur 

on Gossypium spp., Cienfugosia heterophylla, 

and T. populnea in south Florida? 

The question of the width of the buffer zone 

required to cope with the flight range of the 

boll weevil deserves the most thorough considera- 

tion. Is 50 mi wide enough, or will it turn out to 

be much greater? The experience with the screw- 

worm suggests that it may need to be substan- 

tially greater. I believe that 35 mi was considered 

to be an adequate buffer zone when the screw- 

worm eradication program was initiated. That 

was later increased to very substantially more 

than 100 mi, I believe. 

Another point that deserves careful considera- 

tion in establishing the width of buffer zones 

is Glick’s-report that he collected boll weevils at 

an altitude of 2,000 ft. Recent developments in 

biometeorology and insect flight suggest that a 

population of airborne boll weevils at a height 

of 2,000 ft may be displaced by wind for very 

great distances indeed. 

The problems discussed above are important, 

but the possibility of the boll weevil’s developing 

resistance to the organophosphorous insecticides 

is by far the most critical problem of all. The 

National Cotton Council’s Technical Subcom- 

mittee was well aware of the gravity of the pos- 

sibility of the boll weevil’s becoming resistant to 

the organophosphorus (O-P) insecticides. It ex- 

pressed its concern as follows: “If the boll wee- 

vil should become resistant to the organophos- 
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phorus insecticides, cotton production would 

suffer and severe economic consequences would 

_ follow.” If there is any statement upon which 

we all can agree, this is it. However, when we 

consider the most likely way that resistance to 

the O-P insecticides in the boll weevil might 

come about, our differences begin to appear. 

The National Cotton Council’s Technical Sub- 

_Committee apparently concludes that the alter- 

_ natives to the eradication program are the pro- 

cedures most likely to result in the boll weevil 

becoming resistant to the O-P insecticides. I be- 

lieve that the reverse is true. If I were given the 

_ responsibility to develop resistance to the O-P 

_ insecticides in the boll weevil, I would use insecti- 

| cides exactly as is recommended in Phase I of 

the proposed elimination programs; namely, I 

would have “mandatory in-season control pro- vA 
gram on all cottonfields by growers.” Such a 

procedure would subject the boll weevil to the 

greatest amount of pressure ever exerted by O-P 

insecticides. If the species possesses in its gene 

pool the mechanisms necessary for development 

| of resistance to the O-P insecticides, the intense 

| selective pressure of the procedure recommended 

in phase I of the proposed plan would be likely 

to fix them in the surviving population. 

It is not the duration of time to which a popu- 

lation is exposed to a toxicant that is most im- 

portant in the selection of resistant individuals, 

but the intensity of the selection pressure ap- 

plied, and the percentage of the total population 

exposed. Mandatory treatment of all acreage, at 

the level emphasized in the proposed plan, is de- 

scribed as follows: “It cannot be overemphasized 

_ that the degree of thoroughness and precision 

' necessary in the application of insecticides to 

_ reduce populations to levels that are amenable to 

elimination by suppressive measures in phases 3 

_and4...are far more demanding than for mere- 

ly managing boll weevils for purposes of mini- 

mizing losses.’”’ Unquestionably, such a procedure 

_ would result in exposure of a higher percentage 

of the total boll weevil population to heavier 

selective pressure from the O-P insecticides than 

any procedure that has ever been practiced or 

proposed. 

The diapause treatments currently being prac- 

| ticed as one of the most effective tactics in the 

strategy of managing boll weevil populations 

impose a dangerously high hazard of selecting 

for resistance to the O-P insecticides. However, 

the proposed elimination program would subject 

the total population to substantially more selec- 

tive pressure than ever before applied, even in 

the diapause treatments, and poses a risk too 

great to accept. Are you willing to take a chance 

that the eradication plan may fail and leave us | 

with a population of O-P resistant boll weevils? 

I am not, nor should anyone else be until some- 

thing is available that is far more substantial 

than a plan described as a “concept” by its pro- 

ponents. You will recall that “concept” was de- 

fined earlier as “a thought, opinion, or idea.” 

Thus, a plan for boll weevil control based on 

a “concept” is a poor alternative to a strategy 

of pest management that has proved to be effec- 

tive at acceptable economic and environmental 

costs over a period of many years. 

There is one other probable adverse effect of 

implementing the eradication plan that is ade- 

quate cause for grave concern. What would be 

the effects of a mandatory program of intensive 

in-season insecticide treatment on the tobacco 

budworm problem in the Rio Grande Valley and 

other areas of Texas? On the tobacco budworm 

and bandedwing whitefly in the Red River Valley 

of Louisiana? Catastrophic, probably! 

There is another very important reason why 

I am opposed to the implementation of a “Na- 

tional Program To Eliminate the Boll Weevil 

From the United States.” The history of “eradi- 

cation” efforts directed at living organisms has 

been a long chronicle of huge and costly failures 

interspersed with very few notable successes. 

Among the latter have been the eradication of 

the Texas fever tick from the Southern United 

States, the Mediterranean fruit fly from Florida, 

several times, and the screwworm from the 

Southeastern United States. 

However, the ratio of failure to success has 

been so great that no attempt should be under- 

taken to eradicate any pest species that is well 

adapted and established over a large land mass 

until the technology required has been proved 

unequivocably. Even then, the probability that 

eradication will be achieved ranges from very 

little to none. The best example to illustrate this 

point is that of the screwworm. The eradication 

program for this pest was implemented for the 

Southwest during 1962. There has been no year 

since the program was initiated that cases of 

screwworm infestations have not been recorded 

in the area. The numbers of cases reported for 
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Texas alone each year for the period 1962-73 

are as follows: 49,484 (’62), 4,916 (’63), 223 

(64), 466 (’65), 1,203 (’66), 8385 (’67), 9,268 

(68), 161 (’69), 92 (’70), 444 (’71), 90,980 

(72), and 8,918 (’78). 

This is the record of what has happened with 

a pest that is poorly adapted and unable success- 

fully to overwinter in a vast majority of the af- 

fected area. It is the record of what has happened 

in a program in which the technology had been 

proved effective in experiments on an island and 

on a large peninsula of mainland. It is the record 

of a program based on a technology that cculd 

have no adverse effects, even if it failed to ac- 

complish its objectives, as it has. 

By contrast, the program being proposed has 

not been proved effective on any scale of opera- 

tion. The contention that the PBWEE demon- 

strated the technical feasibility of eradicating 

boll weevil populations has even less validity 

than the following announcement concerning 

eradication of the screwworm that appeared in 

the July 1966 issue of the U.S. Department of 

Agriculture’s magazine Agricultural Research: 

“The screwworm has been eradicated from 

the United States. 

“This marks the first time that a wide-ranging 

insect species has been eliminated from this 

country using sexual sterility as the eradication 

tool. The screwworm literally was caused to de- 

stroy itself.... 

“Eradication came after 5 years of intensive 

State—Federal effort in two separate campaigns: 

In the Southeastern United States during 1957— 

59, and in the Southwest from 1962 to the pres- 

ent. About $32 million went for eradication and 

protection costs—about one-third the cost of 

damage that screwworms can cause in one bad 

year.” 

Iam waiting for the sequel to that story. Thus 

far, it has not appeared. 

If the PBWEE had proved that there was or 

was not the technology available to accomplish 

the eradication of the boll weevil from the United 

States, there would have been no need to hold 

this conference. Instead, neither of two separate 

committees that assessed the results of the 
PBWEE could conclude that the technology re- 

quired for eradication is available. Therefore, 

the implementation of a program having as its 

objective the eradication of the boll weevil from 

the United States, or even from a major portion 
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areas where agronomically acceptable, adapted 

of the area now affected, is an idea that should 

be abandoned. 

In my opinion there is only one alternative to 

the concept of elimination, and that is a program 

of pest management soundly based on applied 

ecology. Statements contending that we can no 

longer afford to live with the problems caused 

by the boll weevil are only partly correct. There 

are many areas in the aggregate making up a 

high percentage of the total infested acreage, 

in which the boi! weevil is being controlled ef- 

fectively and at completely acceptable economic 

and environmental costs. Technology has recent- 

ly developed to the point that allows an effective 

pest-management system to be implemented for 

all of the infested areas. The effectiveness of the 

system has been proved in large-scale experi- 

ments in several localities. It provides a degree 

of control for the boll weevil never previously 

attained, and at economic and environmental 

costs tolerable to the grower and all other seg- 

ments of society. 

Much of this new technology was tested and 

proved to be effective in the PBWEE. This ex- 

periment was a magnificent demonstration of 

what can be accomplished in a short time by a 

well-coordinated, cooperative reseach effort in- 

volving several agencies of both State and Fed- 

eral Government. Results show unequivocally 

that all of the components required for initiation 

of a pest management system to control the boll 

weevil at a level completely tolerable to society 

are available now. Such a system consists of the 

following components: (1) Diapause treatments 

using O-P insecticides, defoliation and desic- 

cation followed by stalk destruction in areas 

where harvest can be completed before killing 

frosts occur. (2) Trap crops of early planted 

cotton (supplemented by use of grandlure when 

it becomes commercially available) in which 

overwintered boll weevils are concentrated and 

destroyed by appropriate insecticide treatment 

before they can reproduce. (8) In-season trap- 

ping with grandlure as soon as it becomes avail- 

able. (4) Conservation of populations of native 

natural enemies by delaying as long as possible, 

or eliminating entirely, in-season applications 
of insecticides, and use of the most narrowly 

selective insecticides available when, and if, con- 

trol of the boll weevil or other pests becomes 
necessary. (5) Use of early maturing varieties in 



areas where agronomically acceptable, adapted 

varieties are available. 

The effectiveness of a pest management sys- 

tem based on these components has been proved 

and demonstrated in large scale experiments. 

Other components that will improve the sys- 

tem’s effectiveness can be added to it as they 

| become available from additional research, e.g., 

release of sterilized boll weevils and use of re- 

sistant varieties. 

Such a system would have the added advantage 

of relaxing the selective pressure of insecticides 

on resistant populations of tobacco budworm and 

the bandedwing whitefly. It should prevent 

further development of resistance in these pests. 

Moreover, it is possible that relaxation of in- 

secticide pressure on these two species would 

allow reasonably rapid reversion toward sus- 

ceptibility to occur in resistant populations. 

The system would have only one element that 

would be cause for concern, namely, the possi- 

bility that enough selective pressure could be 

applied in diapause treatments to select popu- 

lations resistant to the O-P insecticides. How- 

ever, it would not be as likely to select for re- 

sistance to the O-P’s as the eradication program 

that calls for the mandatory in-season treatment 

of all cotton acreage in phase I of the proposed 

scheme. Also, it is an encouraging fact that no 

appreciable levels of O-P resistance in the boll 

weevil have developed during almost two decades 

of extensive and intensive in-season applications 

of these chemicals. 

Is it not a more reasonable approach to boll 

weevil control to adopt this proved method of 

pest management than to embark upon a concept 

that has been tested, and found to be a failure, 

in only one experiment? Funds saved could be 

devoted more appropriately to finding solutions 

to the problems that caused the Pilot Boll Weevil 

Eradication Experiment to be a failure. 
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A PLAN FOR BOLL WEEVIL ELIMINATION 

IN THE COTTON BELT 

By J. R. Brazzel} 

The results of the Pilot Boll Weevil Eradica- 
tion Experiment (PBWEE) have been reported 
in detail. The Technical Advisory Committee for 
the experiment evaluated the results and con- 
cluded that we had the necessary technology and 
operational capability for elimination of the boll 
weevil as an economic pest from the United 
States by methods which were ecologically ac- 
ceptable. 

Following this evaluation, the Technical Sub- 
committee for Development of an Overall Plan 
for Boll Weevil Elimination from the United 
States, which was appointed by Robert Coker, 
chairman of the cotton industry committee, pro- 
ceeded to develop a general plan. In recognition 
of the fact that such an undertaking would re- 
quire a cooperative effort of many agencies and 

groups, the planning committee members repre- 
sented research, extension, regulatory, and cot- 

ton industry interests. 

The overall plan for boll weevil elimination 

was presented to and accepted by the National 

Cotton Council Committee on December 3-4, 

1973. The National Cotton Council subsequently 

presented the plan to the Secretary of Agricul- 

ture on December 12, 1973. At present, the plan 

is under study in the Department. 

The plan covers all aspects of program execu- 

tion and will be discussed in detail elsewhere. 

My presentation will cover the operational as- 

pects of the project. It should be emphasized 

that this is a general plan designed for guidance 

of the agencies and industry representatives who 

would have responsibility for implementation if 

the decision is made to proceed with a national 

program. 

1 Chief staff officer, Methods Development Staff, 

Plant Protection and Quarantine Programs, Animal and 

Plant Health Inspection Service, U.S. Department of 

Agriculture, Hyattsville, Md. 20782. 
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A national program for boll weevil elimina- 
tion will require a large number of well qualified, 
highly motivated personnel for success. The pool 
of experienced personnel who have direct ex- 
perience in this type activity is almost entirely 
limited to those who worked on the PBWEE. 
Further, the PBWEE demonstrated that great 
attention to detail was required to successfully 
execute the various suppression measures. Be- 

cause of these requirements, the need for other 

resources, and the logistics of such a huge under- 
taking, it was decided that it would not be pos- 
sible to execute the program simultaneously over 
the entire infested area. 

The operational plan is therefore based upon 

execution of the program in increments or zones 

across the infested area. The zones were estab- 

lished using the following criteria: (1) Simi- 

larity of production practices, (2) adequate size 

to prevent reinfestation over the zone by migrat- 

ing boll weevils, (3) placement which takes ad- 

vantage of breaks in the density of cotton plant- 

ings across the area, and (4) logistically feasible 

size. This procedure resulted in division of the 

area into nine zones as indicated in figure 1. 

It was then necessary to decide where to initi- 

ate this stepwise scheme for program execution. 

From technical and operational standpoints, it 

would be poor strategy to begin the national pro- 

gram in the center of the infested area, as the 

pilot test site was. Such a beginning would initial- 

ly require operational efforts on two fronts. The 

nature of the program is such that it will be 

necessary to take advantage of good geographi- 

cal barriers in order to minimize the infiltration 

of weevils into zones under suppression, or zones 

where the pest has been eliminated. Once a front 

is established, it must be kept moving progres- 

sively, and at maximum depth with each advance. 

Available resources and personnel will not per- 

ae 



SOUTHERN REGION 

ELIMINATION ZONES 

FicuRE 1.—The nine elimination zones for a possible national boll weevil eradication program. 

mit an initial active two-front operation of a 

scope sufficient to assure suppression with a 

minimum overlap in operations in the various 

suppression phases. 

It would be highly advantageous to initiate the 

program in an area where the operational group 

has had experience in large-scale activities. This 

would be an invaluable aid in achieving the diffi- 

cult early period shakedown during the time 

operational procedures must be mastered and a 

great deal of training must be done. 

The following criteria were considered in de- 

termining a starting point and a pattern for 

progression across the infested area: (1) Initia- 

tion of the program should be on the periphery 

of the infested area, and in an area so located 

as to allow an orderly progression into other 

zones. (2) It should be located geographically so 

that natural reinfestation from behind does not 

occur, and so that chances for reinfestation from 

the front or flanks, either by natural spread or 

by movement of equipment or cotton or both will 

be minimal. Regulatory problems and standards 

must be considered in the establishment of zones. 

(8) Initially, it must not result in a two-front 

program. However, when trained personnel and 

technological process reach the point that it 

seems feasible, consideration should be given to 

a program on a second front. (4) It must be in 

an area where legislative authority exists for 

requiring 100% participation of growers. 

(5) The program should start in an area in 

which obstacles to effective program operations 

such as small fields, high trees, and other obsta- 

cles around fields; abundant hibernation areas; 

and frequent rains are less demanding, in order 

to allow time tor development of well trained, 

experienced, and efficient teams before the ex- 
tremely difficult areas, such as the Southeast, 

are encountered. 

A review of these criteria and an evaluation 

of the nature of the boll weevil problem in the 

various zones indicate that program operations 

should start at either the eastern or western 

periphery of the area. This presents two alterna- 

tives: (1) Begin in northwest Texas and proceed 

to the east. (2) Begin in Virginia and the Caro- 

linas and work toward the west. A beginning in 

Texas will present a situation in which after 

the third year the boll weevil cleared zones would 

have to be protected from reinfestation from 

South Texas and Mexico, since it is not proposed 

to work zone 6 in South Texas and Mexico until 

the infestation is cleared from the remainder of 

the United States. However, an excellent natural 

barrier zone, approximately 100 mi in depth 

could be established north of the Rio Grande in 

South Texas where little or no cotton is planted. 

With the necessary quarantine and surveillance 

measures to prevent reinfestation from South 

Texas and Mexico, it is felt that this would be an 

effective barrier to natural spread. Such mea- 

sures will be required throughout the Cotton 

Belt as the areas are cleared of the pest. 
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Starting the program in northwest Texas has 

many advantages. It is considered to be one of 

the easiest areas to work operationally. Begin- 

ning in this area will allow time for shakedown 

of the operational team and for necessary train- 

ing while actually making progress in the pro- 

gram. We already have 10 years experience in 

boll weevil suppression in the area in a program 

designed to prevent further westward spread of 

this pest. Program operations in the area would 

consist essentially of intensification of the on- 

going program and enlargement of the program 

area. In fact, most of the suppression methods to 

be used in an elimination program were further 

developed and field-tested in this area during the 

last 10 years. As a result of the on-going pro- 

gram, farmers in the area are well advised on 

program objectives and actively support the ef- 

fort. It is appreciated, however, that the elimina- 

tion program will be much more demanding in 

terms of thoroughness and attention to detail in 

execution than has been required for the con- 

tainment program. 

The alternative of starting in Virginia and 

the Carolinas has the advantage of eliminating 

the fear of reinfestation from the rear or flank. 

It also is an area in which positive proof of elimi- 

nation could be demonstrated rather quickly. 

Much of the cotton in the area along the north- 

east periphery of cotton production is scattered, 

and acreage in the region is much lower than in 

Texas. It would be possible to lay out a zone of 

which a sizeable portion would have 100 or more 

miles isolation from established infestations. 

However, this area and the remainder of the 

Southeast is considered to be the most difficult 

to handle of the entire belt. When operations 

reach the Southeast, it will be necessary to have 

well trained, highly efficient, and disciplined 

teams to assure success. This area will be as diffi- 

cult as the pilot test location for program execu- 

tion. If the program started in this area, it would 

probably require 2 or 3 years to mobilize re- 

sources and develop the necessary expertise to 

make substantial headway. 

For the reasons given above, the committee 

recommended that a national program should 

start in the High and Rolling Plains of Texas in 

zone 1. The progression of the program across 

the infested area starting from zone 1 offers 

several alternatives. The most logical ones are: 

(1) Proceed in an easterly direction by zone for 
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2 years, during which time additional personnel 

would be trained to open a second front on the 

eastern edge of the belt in the third year. Then 

the two teams would meet in the Midsouth in 

the fifth year to complete the belt, except for 

Texas (see fig. 1). (2) Proceed in an easterly 

direction across the belt, enlarging the area of 

operations each year as efficiency increases, 

which would allow completion of the belt during - 

a shorter time period. (3) Proceed in an easterly 

direction, adding a new zone each year through 

zone 3 in the east. and then return to zone 6 in 

the ninth year. : 

The advantages and disadvantages of these 

alternatives are seen as follows: 

(1) Proceed eastward for 2 years, then open a 

second front on the east, the two teams working 

to the center in 5 years.—This scheme would be 

dependent upon increasing efficiency of pro- 

gram operations and adequate trained man- 

power. It would have the advantage of offering 

early relief of the boll weevil problem in the 

southeastern States, an area in which the eco- 

nomic benefits of the program will be great. It 

will also shorten the total life of the program, 

which is true of alternative number two also, 

but like alternative two, it will require more re- 

sources per year than alternative number three. 

The committee recommends alternative number 

one as the most desirable approach if the re- 

quirements for execution can be met. This recom- 

mendation is based upon the desirability of 

furnishing relief in an area where losses from 

the insect are especially high. It will also serve 

to enhance grower interest and support across 

the belt by shortening the longer wait for relief 

inherent in the other alternatives. 

(2) Proceed eastward across the belt, but en- 

large the area of operation each year to shorten 

the time required for program completion.— 

This alternative also would be dependent upon 

increasing efficiency of program operations and 

adequate trained personnel. The shorter time 

span for completion would afford quicker relief 

of the boll weevil problem and lessen the hazard 

of reinfestation from within the operations area. 

It would lower costs to some extent by reducing 

the amount of treatment necessary at the inter- 

face of adjacent zones of operations. This ap- 

proach would require yearly increases in labor, 

equipment, and services because of the greater 

scope of operations. It could also create prob- 



_ lems as a result of the size of geographical areas 

and the probability that natural breaks in cot- 

_ ton plantings could not be utilized in setting up 

zones of operation. 

(3) Proceed eastward by zone across the 

belt.—This would require the longest time period 

for completion (11 years), which would not only 

result in an extended delay before relief of the 

boll weevil problem could be realized in the 

Southeastern States, but would also increase the 

peril of reinfestation from populations within 

the elimination area. It would have an advantage 

of requiring fewer personnel, less equipment, 

and fewer services each year, since the program 

would be spread out over a longer time period. 

In any of the above schemes, a holding zone in- 

volving regulatory and quarantine measures 

would be created along the northern part of the 

Rio Grande Valley cotton zone, so as to minimize 

chances for reinfestation as the program pro- 

ceeds into other areas. 

Although recommendations have already been 

made that effective boll weevil management pro- 

grams be organized and expanded in various 

zones prior to the initiation of the elimination 

program, it is especially important that such 

management programs be implemented in the 

Rio Grande Valley zone concurrent with the start 

of the elimination program in zone 1. The sup- 

pression of boll weevils through a well super- 

vised management program, plus the enforce- 

ment of existing regulations relating to cotton 

cultural practices in the Lower Rio Grande Val- 

ley, should not only provide a high degree of 

suppression for the growers’ benefit, but would 

minimize the chances of weevil spread across 

the natural noncotton border into zones where 

boll weevils have already been eliminated. 

The plan of action in each zone will cover a 

period of 3 years, with followup in subsequent 

years of thorough survey and detection activities 

by local agencies. Through informational and 

educational efforts by extension and other ap- 

propriate agencies, an attempt should be made to 

get the growers in each zone to organize and 

implement a boll weevil management program 

prior to initiation of program operations. Such 

a program would be designed to maintain boll 

weevil populations below the economic threshold 

level by a minimum use of insecticides during 

the growing season. The management program, 

initiated ahead of the elimination program, 

would be carried out for the purpose of efficient 

cotton production, but at the same time would 

make a major contribution to success in the 

elimination of the pest at minimum cost. 

Operational activities by year in a zone include 

(see fig. 2): 

First year.—(1) Move the necessary person- 

nel into the area and organize into work zones, 

areas, and units during the spring. (2) Set up 

traps in the work areas to start the survey pro- 

BOLL WEEVIL ERADICATION FUNCTIONS 
FUTURE YEAR 

0) ] 2 3 4 

grower 

Responsibility 

Diapause In season Other pests Other pests Other pests 
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Reproduction Reproduction 
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\ * Traps * Traps Traps 

program Mrapiicrop iIrap crop 
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* Survey & Control 

—-—— When needed 

FIGURE 2.—Operational activities by year in an eradication zone. 
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gram by the time spring emergence begins. 

Traps will be used throughout the year to moni- 

tor populations and to identify localized areas 

where the boll weevil problem is likely to be 

most severe. (3) Begin field surveys and map- 

ping as soon as cotton emerges, and continue 

surveys throughout the season. (4) After cotton 

has emerged, aerially map the area to locate all 

cottonfields. (5) Furnish survey data to the Ex- 

tension Service to insure farmer treatment of 

any boll weevil infestation when warranted 

(phase 1). (6) Treat, in-season, any infestation 

of concern, if the grower does not treat at the 

request of the program management. (7) Initi- 

ate and execute phase 2, starting with the re- 

production-diapause spray schedule at the ap- 

propriate time. (8) Use the necessary preharvest 

chemicals (cotton growth regulators) to insure 

an early and efficient harvest. (9) Take the 

necessary action to destroy stalks after harvest, 

when appropriate. (10) Take the necessary ac- 

tion to prevent regrowth of cotton after harvest. 

(11) Make an evaluation report of the first year 

of operations. 

Second year.—(1) Continue to operate traps 

throughout the year to monitor the population. 

(2) Establish trap crops with pheromone sta- 

tions at the appropriate time in the spring 

(phase 3), and operate until grower cotton elimi- 

nates their effectiveness (at least until August 

15). (8) Remap the cotton in the area as soon as 

it comes up. (4) Aerially map the area as soon 

as the cotton comes up. (5) Intensify field sur- 

veys throughout the season to monitor popula- 

tions and evaluate the program. (6) Begin ster- 

ile-insect drops prior to fruiting of cotton, and 

continue throughout the season as long as boll 

weevil reproduction can occur. (7) Spot-treat 

with chemicals any incipient infestation found 

in surveys that are not contained by sterile males. 

(8) Apply a presquare treatment to any area in 

which surveys reveal a threatening boll weevil 

population that will be beyond the scope of man- 

agement by sterile-male releases. (9) Execute 

a reproduction-diapause program in areas of 

suspected incipient infestations with the appro- 

priate cultural practices. (10) Make an evalua- 

tion report of the 2 years of operations. 

Third year.—(1) Continue to operate traps at 

a lesser degree of intensity throughout the year 

to monitor potential boll weevil populations. 

(2) Put in trap plots in any area where the ex- 
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perience of the previous year indicated a po- 

tential overwintering population. (8) Aerially 

map the area when the cotton emerges. (4) Do 

a selected visual field survey over the area. 

(5) Drop sterile insects over an area within 25 

mi adjacent to the infested zone at the front of 

the program. (6) Spot-treat with chemicals any 

areas of suspected incipient populations that may 

not be adequately suppressed by sterile males. 

By this procedure, the operational team will 

complete its work in each zone over a 3-year 

period. The insect survey and detection activity, 

which would be a followup in the fourth and © 

subsequent years, would be handled by appro- — 

priate State and Federal agencies. As each new 

zone is picked up each year, the 3-year cycle of 

activities would begin. Thus, by the third year, 

operations would be underway in three zones, 

each with the type of activities described herein ~ 

for each year. By the fourth year of the pro- © 

gram, operations could cease in the zone where 

the program was initiated, and, even if no boll 

weevils appeared to be present, monitoring would — 

continue so as to locate any incipient infestation — 

that remains or which may result from reintro- 

duction. 

Once again, this is a general plan. If a national 

program is undertaken it will be necessary to 

develop a much more detailed plan of action, 

along with an environmental impact statement. 

It is estimated that completion of such a program ~ 

would require 6 to 10 years and would cost $655 

million, based upon 1972 cotton acreage. This 

cost estimate includes a 20% contingency fund. 

Finally, there are certain conditions which are 

essential to the success of such a huge and diffi- 

cult undertaking: (1) There must be over- 

whelming support of the program by growers, 

the cotton industry, and the agencies responsible 

for program execution. (2) There must be 100 % 

grower participation. (3) We must have the leg- 

islative authority to carry out the regulatory re- 

quirements and the willingness to exercise that 

authority. (4) The growers must be willing to 

contribute up to 50 % of the cost of the program. 

(5) We must further refine our technology and 

improve efficiency in execution. (6) We must 

develop well trained, highly motivated personnel 

capable of giving the attention to detail neces- 

sary for successful execution of the program ele- 

ments. 



REGULATORY ASPECTS OF BOLL WEEVIL 

ERADICATION IN THE COTTON BELT 

By H. L. Bruer1 

The technical committee for determining an 

overall plan for a program to eliminate the cotton 

boll weevil from the United States divided its 

work among subcommittees, one of which was 

that concerned primarily with regulatory as- 

pects. The committee discussed these require- 

ments as fully as possible in the overall plan, 

which was published on December 4, 1973. For a 

more comprehensive discussion of these needs, 

this overall report should be consulted. 

Jim Brown, the committee chairman, listed the 

regulatory requirements as the six C’s: clear- 

ance, course of action, cooperation, coordination, 

cost allocation, and compliance. There should be 

no difficulty in interpreting these terms. ‘‘Clear- 

ance” simply entails authority for the effort to 

eliminate the boll weevil. ‘Course of action” has 

to do with the technical plans for such action, 

including the establishment and administration 

of elimination zones. ‘‘Cooperation” in this con- 

text takes on a rather special meaning in that it 

requires 100% participation. E. F. Knipling 

phrases it as “full cooperation of all cotton pro- 

ducers.” “Coordination” entails such steps in an 

overall program as a reporting system for cotton 

acreage, destruction of small isolated plantings, 

and other items of a similar nature. “Cost al- 

locations” is fully covered in Section 611 of Pub- 

lic Law 93-86 enacted on August 10, 1973. This 

law will be discussed in more detail later. ‘““Com- 

pliance” in the present context comprises such 

terms as right of entry, quarantines, or other 

regulations governing movements through eradi- 

cation zones, disposition of noncommercial cot- 

ton, and similiar problems. 

Let us consider a little further Public Law 93- 

1 Director, Division of Plant Industry, State Depart- 

ment of Agriculture, P.O. Box 40627, Nashville, Tenn. 
37204. 

86 which constitutes Appendix H in the report 

of this full committee. I shall not attempt to 

quote it in its entirety, but will quote certain 

pertinent passages which are of particular sig- 

nificance. In the first place this law states that 

“the Secretary,” meaning the Secretary of Agri- 

culture of the United States, “is authorized and 

directed to carry out programs to destroy and 

eliminate cotton boll weevils.” The law further 

states “the Secretary shall carry out the eradica- 

tion programs authorized by this subsection 

through the Commodity Credit Corporation.” I 

am not exactly sure of the meaning of this pass- 

age, but I would presume that it is the intention 

of Congress that necessary funds be provided 

by or channeled through the Commodity Credit 

Corporation. To read further from this law, 

“producers and landowners in an eradication 

zone, established by the Secretary, who are re- 

ceiving benefits from any program administered 

by the United States Department of Agriculture, 

shall, as a condition of receiving or continuing 

any such benefits, participate in and cooperate 

with the eradication project, as specified in regu- 

lations of the Secretary. The Secretary may issue 

such regulations as he deems necessary to enforce 

the provisions of this subsection with respect to 

achieving the compliance of producers and land- 

owners who are not receiving benefits from any 

program administered by the United States De- 

partment of Agriculture. Any person who know- 

ingly violates any such regulation promulgated 

by the Secretary under this subsection may be 

assessed a civil penalty of not to exceed $5,000 

for each offense. 

“The cost of the program in each eradication 

zone shall be determined, and cotton producers 

in the zone shall be required to pay up to one-half 

thereof....” 

The act further provides ‘“‘each producer’s pro 
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rata share shall be deducted from his cotton pay- 

ment under this Act or otherwise collected, as 

provided in regulations of the Secretary.” Since 

there are no payments presently made under 

this Act, it is obvious that the producer’s shares 

will have to be collected in some other manner. 

From the above, it would seem that any au- 

thorization necessary for the implementation of 

a program for the elimination of the boll weevil 

is vested in the Secretary of Agriculture. This 

is quite a remarkable law in that it represents a 

complete departure from laws that have been 

followed for years in control and eradication 

efforts in this country. There has always been 

cooperation between the Federal Government 

and the affected States, and much of the au- 

thority for necessary mandatory provisions has 

been vested in the States. For example, the Fed- 

eral authorities heretofore have never had the 

right of entry on private property. This has al- 

ways been a function of the State authority. 

Whether or not the Secretary of Agriculture con- 

templates this kind of change in the traditional 

relationship between the Federal Department of 

Agriculture and the States, I am not in a posi- 

tion to say. I have had some discussion on this 

point with agencies of the U.S. Department of 

Agriculture. Those who would under normal cir- 

cumstances be actively engaged in an eradication 

effort of this kind have assured me that they 

anticipate and expect the cooperation of the 

States along lines similar to those which have 

been followed in past eradication programs of 

this kind. In anticipation of this, the committee 

circularized the States infested with boll weevil 

to determine whether or not all of these States 

had the authority necessary for the operation of 

such a program. We found that while most of 

the States had most of the authority that would 

be required, all of the States lacked authority 

for one or more elements that the committee re- 

garded as essential, and that therefore some re- 

vision of State statutes seems to be indicated. 

As one who has devoted 40 years to control 

and eradication programs similar to the one con- 

templated, I have done investigations in support 

of such programs, I have been actively engaged 

in the control work, and, for the past 20 years, 

have been in a position where it was necessary 
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for me to apply whatever mandatory steps were 

necessary in connection with such programs. In 

those 40 years, I believe that I have learned some- 

thing of such work, and while I cannot give in- 

fallible advice as to how to succeed in this effort, 

I can with entire certainty define the way to fail 

in it, and that is to make the effort for boll weevil 

eradication without having made sure of the 

overwhelming support of all the affected cotton 

producers. In other words, voluntary compliance 

with the needs of the program is essential. Other- 

wise the program fails. I believe that techno- 

logically the problems have been or can be solved. 

The most questionable problems are “people 

problems,”’ which is to say, operational prob- 

lems. It does not matter how much authority is 

vested in the Secretary of Agriculture or in the 

various State control officials. There is no way 

to prevent citizens of the United States from 

recourse to the courts, and if even a small mi- 

nority of such citizens decide to take this re- 

course in opposition to the program, the program 

will be lost in that particular area for at least 

1 year, most likely 2. It does not matter that 

the program may eventually win the case. The 

delay of the law will negate the eradication effort 

for at least the period of time indicated. It might 

be argued that the only opposition to the pro- 

posed program would come from small, poorly 

informed growers who would not be financially 

in position to offer such legal challenges. It 

should be recalled, however, that we are now 

in the era of class litigation, and that there are 

agencies who are simply standing about waiting 

for some ill-financed group to initiate such an 

action while they provide the necessary financial 

muscle and legal talent. It is, therefore, essential 

that the cotton growers’ enthusiastic cooperation 

be enlisted to the greatest extent possible. 

This brings us to some hard but necessary de- 

cisions which must be made—if not immediate- 

ly, then in the very near future: (1) How is 

the cooperation of the growers to be enlisted and 

maintained? (2) How are the growers’ opinions 

to be measured? (3) Are the mandatory aspects 

of this program to be completely Federal or 

Federal-State cooperative? These decisions must 

be made. 



EXTENSION AND INFORMATION ROLES IN 

BOLL WEEVIL ELIMINATION 

By J. E. Jernigan? 

Since the primary function of the Extension 

Service is education, we would focus our atten- 

tion on getting information to all people con- 

cerned, providing leadership in organizing pro- 

ducer groups for effective conduct of the pro- 

gram, and encouraging voluntary participation 

by farmers. 

There is no doubt about the importance of an 

effective educational program in undertaking a 

project of this nature and magnitude. Gaining 

enthusiastic farmer cooperation and participa- 

tion, rather than forcing compliance by rules 

and regulations, will make the job easier and 

more effective. If everyone in an area fully 

understands the objectives of eliminating the boll 

weevil, the economic impact of this pest, the 

amount of insecticides used for its control, and 

the operational procedures for the program, it 

will help keep false rumors to a minimum and 

reduce problems associated with this effort. 

The elimination program is divided into two 

separate phases, each of which will require edu- 

cational efforts aimed at maintaining good com- 

munication among all parties concerned. The 

first part of the program will be aimed at getting 

growers to follow a good in-season boll weevil 

control program, followed by an areawide dia- 

pause effort in the fall. This will be a voluntary 

program on the growers part, but highly im- 

portant in reducing the weevil population before 

beginning the formal elimination program the 

following spring. 

The second phase of the program will begin 

with activities conducted and supervised by 

operational people responsible for carrying out 

the formal elimination program. Extension will 

be largely responsible for the first phase of the 

1 Regional cotton specialist, Federal Extension Service, 

1709 Bender, Memphis, Tenn. 38117. 

program, since it consists primarily of intensify- 

ing and carrying out current recommendations 

for boll weevil control. During the second phase 

of the elimination program, Extension will be 

responsible for conducting the educational phase 

of the program as well as serving as a coordi- 

nator between agencies, growers, and the public. 

From an Extension point of view, based on 

experience gained in the Pilot Boll Weevil Eradi- 

cation Experiment, there are three primary 

audiences concerned with the elimination effort. 

These are (1) county agents and other profes- 

sional agricultural workers in the area, (2) cot- 

ton producers and other farmers, and (8) the 

general public. Each group is vitally important 

to the success of the program, and Extension will 

provide the educational leadership to see that 

each group is properly informed. 

County agents will need to be trained in order 

that they may serve as dynamic leaders in carry- 

ing out the total program. They will have to be 

given complete information about the pro- 

gram, including the technology and operational 

procedures involved. They will also take the lead 

in organizing growers to carry out the first phase 

of the elimination program, which consists of 

in-season boll weevil control and diapause con- 

trol. County agents will also prepare communi- 

cations for the media, conduct farmer meetings, 

write letters to growers, and follow up problems 

with personal contacts. Cotton producers and 

other farmers will need information about the 

objectives of the program and an outline of pro- 

gram activities. This will help them understand 

the division of responsibility for all participants 

and the timing of the various practices to be 

carried out. Participants will be given assistance 

in setting up the necessary organizations for 

conducting the total elimination program. 

161 



To provide information to the grower, Exten- 

sion will prepare circular letters, news articles, 

radio and television scripts, slide sets, and films 

about the program. County agents and Extension 

specialists will organize and conduct community 

meetings to inform growers about all activities 

of the program. Individual visits will also be 

made with farmers, particularly in problem 

areas, to make sure there is no misunderstanding 

about program activities and to promote mutual 

cooperation. 

The general public will also be given appropri- 

ate information so that they will understand the 

objectives of the program, the impact it will 

make upon the environment, and the need for 

their cooperation in such matters as protecting 

traps and eliminating cotton plants from flower 

beds. Extension will aim its educational program 

at these people through the mass media and by 

making talks at civic clubs and sportsman as- 

sociations. 

Progress reports on the program will be made 

at appropriate times through all channels avail- 

able to keep all audiences informed. 

To maintain accurate distribution of informa- 

tion about the project, it is suggested that an 

educational committee representing all agencies 

involved be formed to check articles for use by 

the media. The committee would need to desig- 

nate someone to clear all material being pre- 

pared for this purpose. The information com- 

mittee would also be responsible for preparation 

of slide sets and scripts, television spots, and 

other visuals for use in meetings and confer- 

ences. 
A full-time Extension entomologist designated 
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as a coordinator in each State, and one at the 

national level, will work closely with personnel 

from all agencies involved to make sure com- 

munications are getting through and being un- 

derstood. The national coordinator will work 

closely with professional people in the land-grant 

universities and U.S. Department of Agricul- 

ture to make sure concensus is reached among 

States and disciplines involved in carrying out 

recommendations. Many misunderstandings and 

problems can be avoided through good communi- 

cations. 

Experience gained in the Pilot Boll Weevil 

Eradication Experiment showed that coopera- 

tion among the many agencies needed in carrying 

out this project is possible and obtainable. 

Monthly meeting of personnel from each agency 

proved to be an invaluable source of communi- 

cation while the project was in operation. Such 

a plan would, no doubt, serve the best interest 

of any future elimination project. 

Extension administrators in the States in- 

volved recognize the role Extension must play in 

such a project, and they have indicated a genuine 

interest in cooperating to the extent that re- 

sources are available in the first phase of the 

program in 1974. 

To begin the program, a committee of Ex- 

tension and industry leaders in each State will 

review the proposal, decide what is needed in 

their local area, and set the plan in action during 

the spring of 1974. If funds are made available 

for the elimination project, Extension would 

then assume responsibility for conducting its 

educational role in the second phase of the pro- 

gram to the extent that resources allow. 



RESEARCH REQUIREMENTS FOR BOLL WEEVIL 

ELIMINATION IN THE COTTON BELT 

By Waldemar Klassen? 

The Pilot Boll Weevil Eradication Experiment 

(PBWEE) demonstrated that we now have the 

essential tools for detecting and eliminating boll 

weevil populations. The challenge now is to make 

marked improvements in these tools in order to 

increase the reliability of the suppressive sys- 

tem and to reduce the cost of its implementation. 

The U.S. Department of Agriculture has not 

yet taken a position regarding a program for 

either beltwide boll weevil elimination or popu- 

lation management. Even so, we do not wish to 

lose research momentum unduly, since—in any 

event—the information generated will be useful 

in fighting this key cotton pest. We also know 

that research always requires ample lead time 

and scientists with uninterrupted total immer- 

sion in the problems to be solved. 

Tam convinced that through cooperative State- 

Federal-industry research we can further de- 

velop systems for boll weevil elimination which 

have enhanced reliability and economy in cotton 

growing. The rate of progress will depend upon 

how effectively we adjust our mechanisms for 

setting priorities, for allocating program coordi- 

| nation in specific problem areas to the most ap- 

propriate scientists, and for maintaining a sense 

of unity and esprit de corps. Likewise, research 

progress will depend on the continued encourage- 

ment and resolute support of research adminis- 

trators, the cotton and chemical industries, 

growers, and legislative bodies. 

While the research of many scientists would be 

substantially accelerated by modest increases in 

funds, we recognize that we already have a 

sturdy cooperative program of nearly 30 scientist 

man-years. Moreover, some of the best scientists 

1 Staff scientist for pest management, National Pro- 

gram Staff, Agricultural Research Service, U.S. Depart- 

ment of Agriculture, Beltsville, Md. 20705. 

in the Nation are working on the boll weevil, 

including some of the most capable leaders in 

the entomological profession. The struggle 

against the boll weevil has substantially bene- 

fitted, moreover, from the vexations of several 

outstanding devil’s advocates. Further, this ef- 

fort is fostered by as creative and dynamic a 

group of agricultural research administrators as 

can be found anywhere. We also continue to re- 

ceive superb assistance from extension and reg- 

ulatory agencies. 

The favorable outcome of the PBWEE and 

other. concurrent and continuing improvements 

in technology indicate what this community of 

agricultural workers can accomplish if greatly 

challenged and greatly led. During the past 6 

months or so, nutritional improvements have 

been made in the artificial diet, and there have 

been advances in excluding microbial contami- 

nants from diet of adults. Two laboratory meth- 

ods for completely and permanently sterilizing 

both sexes of boll weevils have been developed. 

If these methods can be scaled up successfully, 

separation of sexes can probably be avoided. Last 

season it was discovered that pheromone-baited 

traps placed within fields will catch newly 

emerged female weevils before they have an 

opportunity to mate. Successfully developed, 

these in-field traps may become tools for simul- 

taneous detection, assessment, and suppression 

at low population levels. In-field traps plus in- 

secticides may have the potential for strongly 

suppressing populations at all density levels. If 

so, these traps could substantially reduce costs 

and the present reliance on sterile males, as well 

as facilitate more effective deployment of them. 

Traps may also minimize the supplemental use 

of insecticides. Moreover, unlike trap rows, in- 

field traps do not contribute to the development 

of insecticide resistance. 
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Much of the research that provided the tools 

for population management or elimination has 

been qualitative in nature. In order to develop 

more economical and reliable suppressive sys- 

tems we will have to greatly increase our quanti- 

tative knowledge. So far, our major concern has 

been to determine whether our tools would 

strongly suppress. Now we need exact measure- 

ments on rates, variability, and limits. What per- 

centage of weevils within a given distance from 

a trap or trap crop will respond and what per- 

centage will be killed? To what extent does sup- 

pression by sterile males deviate from that ex- 

pected? How does the rate of increase of weevils 

vary as the population density declines? These 

and many other questions have been on our 

minds for years, but now we cannot progress 

satisfactorily without some quantitative an- 

swers, and in conducting quantitative research 

we would benefit greatly from the increased help 

of engineers and biomathematicians. 

I feel that the organization and the technologi- 

cal content of a system for boll weevil popula- 

tion elimination would not differ significantly 

from that required for managing populations 

below economic levels in a manner that neither 

triggers outbreaks of bollworms and tobacco 

budworms nor predisposes the cottonfields to 

them. There are some who doubt that sterile 

males would have a major role in population 

management because of the technical problems 

involved in mass rearing and sterilization. I am 

confident that these problems can be resolved, 

however, and furthermore believe that the boll 

weevil is more amenable to suppression with the 

sterile-male method than many other species. 

Unlike the screwworm, pink bollworm, and many 

other pests, it is the male boll weevil which at- 

tracts the females, and it is the wild females 

which must compete for the sterile males. Thus 

we need to maintain quality in fewer character- 

istics of the boll weevil to achieve suppression 

than we do with most other species. In particular, 

we can be somewhat less concerned about those 

genetic changes affecting boll weevil behavior 

that are induced by artificial rearing than would 

be the case were we dealing with many other 

species. 

Very useful appraisals of research needs can 

be found in three public documents: ‘Statement 

by the Technical Guidance Committee for the 

Pilot Boll Weevil Eradication Experiment,” Au- 
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gust 30, 1973; “Overall Plan for a National Pro- 

gram To Eliminate the Boll Weevil From the 

United States,’”’ A Report of Findings and Rec- 

ommendations of a Technical Subcommittee Ap- 
pointed by the National Cotton Council of Amer- 

ica, December 4, 1973; and ‘“‘The Pilot Boll Wee- 

vil Eradication Experiment,” Report of the En- 

tomological Society of America Review Commit- 

tee (Ann. Entomol. Soc. Am. 19: 218-221, 1973). 

The three documents above prove that we sci- 

entists are highly proficient in coming up with 

questions. In fact, we have identified so many 

questions that with current levels of funding and 

manpower the essential research will not be com- 

plete for a number of years unless we can agree 

upon a system of priorities. 

In the interest of developing a research game- 

plan which will allow us to attend to the most 

critical needs in the shortest possible time, and 

yet not dampen opyortunities for important 

ancillary achievements, I have fearlessly divided 

the research needs into three categories. Doubt- 

less some of my colleagues will take exception to 

my placement of one or more of their projects. 

I invite such scientists to try to persuade me to 

change my mind. 

In setting priorities for boll weevil research, 

it seems helpful to divide the reseach objectives 

into three categories, or arrays. The first is the 

critical array which includes only those research 

objectives which are absolutely essential to ob- 

tain major new improvements in the reliability 

and economy of the boll weevil suppressive sys- 

tem. The second group of research objectives is 

the concurrent array. Achievement of objectives 

in the concurrent array seems fairly certain, and 

although such accomplishments are not absolute- 

ly essential, they would be very helpful in further 

increasing the reliability and economy of the 

suppressive system. The third group of research 

objectives is the supplementary array. The sup- 

plementary array contains high-risk objectives 

as well as those which may or may not prove 

to be important or needed. These high-risk ob- 

jectives could result in substantial improve- 

ments, but we dare not rely on their accomplish- 

ment at this time. 
The critical array of objectives—those abso- 

lutely essential to achieving increased reliability 

and economy—includes: 

(1) Research and development on mass rear- 

ing for the reliable production at minimum cost 



of vigorous weevils. We must get away from 

rearing in petri dishes and from heavy reliance 

on unskilled temporary labor for manipulation 

requiring aseptic techniques. 

(2) Research and development on the sterili- 

zation of weevils by feeding on busulfan chemo- 

sterilant, followed by immersion in Largon 

(Thompson-Hayward 6040), or by vacuum fumi- 

gation with hempa, followed by feeding on busul- 

fan. Research at Florence, S8.C., and at Baton 

Rouge, La., has shown on a small scale that 

these two methods fully sterilize both sexes. Re- 

search is needed to determine whether or not 

these methods can be scaled up. We cannot accept 

less than 98% sterility of males and 99% steril- 

ity of females, nor can we accept significantly 

reduced pheromone production in sterile males. 

(8) Research and development on the use of 

the boll weevil pheromone for predictable sup- 

pression when used in traps and trap rows, and 

for quantitative detection when used in border 

and in-field traps. Obviously the accomplishment 

of this objective will require quantitative season- 

long studies at several locations across the boll 

weevil belt. Adjustments in deploying the phero- 

mone are most needed in a number of areas of 

Texas. Scientists in Texas, with industry sup- 

port, are already hard at work on this problem. 

Since some of these critical needs became ap- 

parent during the PBWEE, the Agricultural Re- 

search Service allocated $150,000 primarily for 

research on mass rearing. Work on sterilization 

has been slightly accelerated through redirection 

of effort. The Animal and Plant Health Inspec- 

tion Service has continued its methods-develop- 

ment program on these problems. Furthermore, 

the cotton industry is providing some funds to 

accelerate the development of the use of grand- 

lure. 

In the concurrent array, that is, the list of ob- 

jectives which are likely to be accomplished by 

highly competent scientists and which definitely 

would prove to be helpful, I have placed the fol- 

lowing (not in order of priority): (1) Research 

on pheromone to reduce the cost of synthesis 

and permit the development of a commercial 

formulation. (2) Research on trap design to im- 

prove capture efficiency, reduce cost, and sim- 

plify disposal. (3) Research to advance early 

maturity and the Frego bract trait into wide- 

spread commercial use and to develop advanced 

breeding lines of new boll weevil resistant wild 

stocks. Early maturity would be especially help- 

ful in areas such as southeastern Texas which 

are subject to rainy weather in fall. (4) Research 

to determine the relative effectiveness of azin- 

phosmethy] and malathion, and to refine formu- 

lations and methods of application of these in-. 

secticides. (5) Collation and publication of data 

on the efficiency of “‘bug-catchers” for sampling 

boll weevil populations. (6) Research to com- 

plete an integrated cotton-plant and boll weevil 

population model. Such a model would be useful 

in planning and scheduling operational activities 

such as rearing, quantitative selection of control 

strategies, and evaluation of results by compar- 

ing simulated suppression to observed suppres- 

sion. (7) Research toward the establishment of 

a barrier to boll weevil invasion from Mexico. 

(8) Research to establish optimal handling, hold- 

ing, and release procedures. (9) Research to re- 

fine quality control procedures for mass rearing 

and sterilization. (10) Research to quantify the 

onset and time course of migration, the onset 

and time course of diapause, and the rates of in- 

crease of low level populations at several loca- 

tions, but particularly in the Eastern States and 

in southern Texas. (11) Research to quantify 

the environmental impact of boll weevil suppres- 

sion measures. 

In the supplementary array, I have placed the 

following high-risk or contingency objectives: 

(1) Research to sterilize weevils with frac- 

tionated doses of gamma radiation. Studies at 

our Fargo, N.Dak., laboratory have shown that 

weevil mortality is greatly reduced if the steriliz- 

ing dose is delivered intermittently in 20 frac- 

tions. Further, complete infecundity and de- 

struction of primary spermatogonia in males— 

which is the basis for permanent male sterility— 

is induced with only one-half of the radiation 

dose required to induce 100 % sterility in mature 

sperm. Therefore, there still may be a good 

chance of inducing sterility with gamma rays 

only, or by a combination of gamma rays plus 

a chemosterilant. (2) Research to sterilize wee- 

vils rapidly by delivering chemosterilant vapors 

or solutions through the tracheal system to the 

gonads with reduced atmospheric pressure. 

These techniques originated at Fargo and Belts- 

ville. (8) Research and development on hibernal 

trapping, i.e., using pheromone to lure weevils 

to hibernation sites where they would be destroy- 

ed. (4) Research on replacement insecticides to 
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be used if the boll weevil should develop organo- 

phosphorus (O-P) resistance. (5) Research to 

develop boll weevil strains from various sections 

of the Cotton Belt for release. We must be cer- 

tain that assortive mating will not occur between 

the released insects and native insects. Also, we 

should take advantage of hybrid vigor if it exists. 

(6) Research to develop special mutant release 

strains with traits such as the inability to dia- 

pause, the inability to fly, and the inability to use 

the cotton plant’s phytosterols for reproduction. 

(7) Research to completely select out the genetic 

capacity to diapause in the release strains. Since 

nondiapause weevils cannot overwinter, and 

since the nondiapause trait tends to be inherited 

as a dominant, the program would be insured 

from the inadvertent failure of the sterilization 

procedure by the fact that progeny of released 

weevils would suffer enhanced winter mortality. 

(8) Research to develop the pheromone for 

interrupting communication between sexes. 

(9) Research to establish the frequencies of 

genes for O-P resistance in local populations and 

research to determine if weevil populations may 

respond to diapause control by advancing the 

onset of diapause in the summer. Experience 

with many other species has shown that the 

development of O-P resistance with few excep- 

tions is initially a slow process in which minor 

genes are accumulated through selection. How- 

ever, when these minor genes have been assem- 

bled, the frequency of a major gene for resistance 

can increase with considerable speed and deci- 

siveness. (10) Research to determine the need 

for isomeric purity of grandisol. 

I believe everyone agrees that significant im- 

provements in the reliability and economy of the 

boll weevil suppressive system require substan- 
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tial accomplishments in all three research ob- 

jectives in the critical array. Good business sense 

dictates that we pursue the objectives in the 

concurrent array, but the early achievement of 

these objectives is not a prerequisite for initia- 

tion of a management or elimination program, 

and they can be accomplished during the course 

of such programs to progressively yield improve- 

ments. A number of the high-risk and contin- 

gency objectives in the supplementary array may 

provide breakthroughs that could dramatically 

improve our capabilities. Therefore, let us sup- 

port them as best we can. 

Even if we could achieve all of the objectives 

in the three arrays, we still would lack absolute 

proof that the boll weevil can be eliminated— 

and eliminated at a cost acceptable to all in- 

terests. To satisfy this question we will have to 

make an effort at elimination for several sea- 

sons, and on a scale large enough to eliminate 

migration as an important factor in making the 

final judgment. 

In its “Overall Plan’ the National Cotton 

Council has suggested that 1.5% of funds made 

available for a beltwide program should be al- 

located for research and development. It is vitally 

important that such an action program should 

be underpinned by a vigorous research and de- 

velopment program. Such a research and de- 

velopment program would progressively yield 

improvements and ensure the existence of active 

boll weevil scientists across the cotton belt for 

recognizing and heading off trouble, and for 

solving unforeseen problems. 

Although much hard work lies before us, we 

are rapidly acquiring the essential knowledge 

and technology needed to deal decisively with 

the boll weevil at reasonable cost. 



The National Cotton Council’s Beltwide Ac- 

‘tion Committee on Boll Weevil Elimination was 

appointed in late 1973, and is made up of cotton 

industry leaders from throughout the entire Cot- 

‘ton Belt. The committee members are: John 

Abbott, Harlingen, Tex.; Don Anderson, Lub- 

‘bock, Tex.; Hugh Arant, Jackson, Miss.; Harry 

'S. Baker, Fresno, Cal.; Harry S. Bell, Columbia, 
|S.C.; Marion Benham, Lovington, N.M.; Robert 
A. Carson, Lambert, Miss.; Marshall Grant, 

Garysburg, N.C.; J. Wayne Griggs, Humboldt, 

Tenn.; Albert McDonald, Huntsville, Ala.; Rob- 

-ert D. Pugh, Portland, Ark.; Dan Pustejovsky, 

Hillsboro, Tex.; Duke Shackelford, Bonita, La.; 

P. B. (Bobby) Smith, Winder, Ga.; A. L. Story, 

Jr., Wolf Island, Mo.; Jess Stratton, Clinton, 

Okla.; William H. Wyatt, Blytheville, Ark.; and 
Charles F. Youngker, Buckeye, Ariz. 

_ Advisory members are Dalton Gandy, Nation- 

_al Cottonseed Products Association, Memphis; 

John K. Hosemann, American Farm Bureau Fed- 

eration, Park Ridge, Ill.; Donald A. Johnson, 

Plains Cotton Growers, Lubbock, Tex.; George 

Slater, Cotton Incorporated, Raleigh, N.C.; B. 

_F. Smith, Mississippi Delta Council, Stoneville, 

'Miss.; Robert A. Tucker, Southern Cotton Grow- 

ers, Dahlonega, Ga.; J. Ritchie Smith, National 

Cotton Council, Memphis, and Albert Russell, 
Executive Vice President of the National Cotton 
Council. 

The committee initially met on January 25, 

1974, in St. Louis, and in that meeting we shaped 

our general plans for the job ahead. Our first 

job is to do all we can to get an early, favorable 

decision from the Secretary of Agriculture to 

implement the boll weevil elimination program 

at the earliest possible time. 

Our basic job, of course, assuming a favor- 

able decision by the U.S. Department of Agri- 

1 Chairman, National Cotton Council Beltwide Action 

Committee on Boll Weevil Elimination, P.O. Box 340, 

Hartsville, South Carolina 29550. 

REPORT OF INDUSTRY ACTION COMMITTEE 

| By Robert R. Coker? 

culture, is to provide advice and guidance for 

Cotton Council activities in support of the pro- 

gram at both the Washington level and at the 

state and local levels. In Washington, we plan 

to work with the Executive Branch on program 

specifics, and with the Congress on appropri- 

ations. In the States, we will assist in developing 

State-level committees and procedures to help 

facilitate the program as it progresses. In some 

cases, State legislation may be needed, and we 

expect to provide assistance in such circum- 

stances. In short, we want to do everything we 

can to help get the elimination job done as quickly 

as possible. 

The following resolution was adopted at the 

Counceil’s annual meeting in St. Louis late last 

month. Under the heading of “Boll Weevil 

Elimination,” the resolution commits the Council 

to: 

Vigorously support a national program to 

eliminate the boll weevil from the United 

States as specified in Section 611 of the Agri- 

culture and Consumer Protection Act of 1973 

and urge: 

a. That the program be started no later 

than 1975; 

b. That producers in the boll weevil belt 

cooperate fully in the program; 

ec. That the Council lend its full support 

and cooperation to the USDA in planning and 

carrying out the program; and 

d. That Extension Services, Federal-State 

regulatory agencies, and other appropriate 

agencies assist producers in organizing and 

carrying out expanded diapause control and 

other weevil management procedures, starting 

in 1974 and continuing until the elimination 

program commences in their areas. 

Several of us met in New Orleans with Ex- 

tension Service directors to review the elimina- 

tion plan and to shape general plans for ex- 
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panding ongoing pest-management programs, 

starting this year. The national elimination plan 

stresses the need to carry out diapause and other 

weevil management procedures in advance of 

the actual elimination program itself. This vital 

advanced phase will cut interim weevil losses 

and create better conditions for elimination 

when the program starts in a zone. A very prac- 
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tical side benefit, of course, is that a good job 

in the advanced phase will reduce sharply the 

cost of the program to both producers and the 

Commodity Credit Corporation. The Extension 

directors pledged their full cooperation and as- 

sistance in carrying out both phases of the pro- 

gram, and we will move immediately to follow 

through with them and others in the States. 



_ J. R. PHILLIPS, University of Arkansas: I 

would like to read a statement prepared by my- 

self and Dan Clower, LSU; Floyd Gilliland, Au- 

‘burn University; Don Rummel, Texas A&M; 

Jack Bagent, LSU; Herb Womack, University 

of Georgia; Dale Bottrell, Texas A&M; and Au- 

-brey Harris, Mississippi State University. 

| 1. It has been stated that both the Entomological 

| Society of America and Technical Guidance Committees 

have expressed reservations of eradication but this 

thought is not being communicated adequately to the 

| producer and public. Elimination is being used to mean 

the same as eradication but the Technical Guidance Com- 

“mittee indicated that something less than eradication 

was achieved, i.e. “. . . elimination of the boll weevil as 

an economic species. ...”’ This point is of grave concern 

to a number of scientists who will be responsible for 

implementing the proposed program. We feel the pro- 

gram, based on present data, has obvious weaknesses 

especially in the areas of mass rearing and sterile re- 

lease. It, therefore, seems rather presumptious for us 

to insinuate that we have the technology to eradicate 

(eliminate) the boll weevil from the United States. 

2. We are concerned about the proposed investment 

| that would be made on an eradication (elimination) re- 

_ search effort that appears premature. For example, noth- 

ing has been stated relative to the possibility that the 

program may not go according to schedule. If it does 

not, which will most likely be the case, how will the pro- 

posed budget be adjusted? In case serious errors in 

judgment have been made, how much will other areas of 

_much needed research be sacrificed budget-wise to con- 

tinue the eradication (elimination) program? 

3. We feel that if we start prematurely our chances 

of success will indeed be slim and, with failure, the 

confidence of the American public in agricultural re- 

search will be damaged irreparably. 

AUBREY HARRIS, Mississippi State Uni- 

versity: I would like to comment further on the 

possibility of an alternative that we might con- 

sider for the immediate future in regard to boll 

weevil eradication. I interpret the statement of 

the Technical Guidance Committee to be that 

elimination of the boll weevil as an economic pest 

would be something less than eradication, and 

that would imply that we could anticipate re- 

surgence of the boll weevil following the 3-year 

plan such as has been proposed, if such a plan 

were begun immediately with current technol- 

FINAL DISCUSSION 

ogy. This does not of course preclude the possi- 

bility that advanced technology might eliminate 

this problem of resurgence in the future. It has 

been asked how an alternative or an interim 

program might be implemented. A number of 

people have given a lot of consideration to an 

interim or an alternative program prior to a boll 

weevil eradication effort. I say “alternative” in 

case the boll weevil eradication effort does not 

become a reality, but would call it an interim 

program should it become a reality in the near 

future. 

The kind of program that I have in mind would 

be one in which growers across the Cotton Belt 

could organize themselves into pest management 

districts of some kind. I have seen programs of 

this type proposed for Texas. There are pro- 

posals in Mississippi that follow this line. Grow- 

ers who wish to implement such a program could 

impose it on themselves, as it were, by a referen- 

dum for the area that is assigned and then im- 

plement it according to some guidance laid down 

by technical committees of some kind. One ad- 

vantage of this approach over the immediate 

move into a beltwide eradication program would 

be that it would not commit the Cotton Belt to 

an eradication program about which there are 

still reservations. In other words, the approach 

would not promise more than could be delivered 

at this time. A second advantage of such a pro- 

gram would be that it would serve the educa- 

tional and organizational functions in advance 

of eradication, or could serve as an ongoing pro- 

gram in the event that an eradication program 

did not develop. So, I think we have a good al- 

ternative, and I propose that the people who are 

considering the program give thought to such an 

alternative and such a means of implementing 

adequate boll weevil management without neces- 

sarily committing us at this stage to an all-out 

eradication program. 

DON ANDERSON, cotton producer, Lub- 

bock, Tex.: Over the past 12 years I have become 

well acquainted with many entomologists and 
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the manner in which they approach research. 
Around 1963, the weevil began climbing up 
on the Cap Rock and looking at what was then 
about 2 million acres of cotton there. At that 
point a lot of entomologists said that the boll 
weevil was moving into an environment in which 
he could not live. But a lot of entomologists did 
not realize that right over on the back side of 
the High Plains were about 15,000 or 20,000 
acres—maybe even 50,000 acres—of Shin oak 
that he was living in on the east side, and that 
if he ever made that jump over to the west side 
there wasn’t any way to handle a couple of mil- 
lion acres with the system we had. So we began 
to search for some solutions to the problems. 

The first meeting was held in Floydada, Tex. 
We called some entomologists together and asked 
them: Is there any way that this thing can be 
stopped? They said nope, no way. But we rolled 
the problem around, and finally somebody men- 
tioned diapause control, which some men named 
Brazzel and Gaines had worked on back a num- 
ber of years ago. We pursued the idea with con- 
siderable skepticism on the part of the entomolo- 
gists as to whether or not diapause control would 
work. We began looking at the cost, the potential 
loss, and the potential loss we would take if 
we didn’t do it. We called a few more meetings, 
and finally wound up over in Lubbock, Tex., one 
day. The whole Texas A&M staff group, includ- 
ing Dean Patterson, came. We examined the 
problem to attempt to finally come to some con- 
clusions about what we were going to do. Some 
of the entomologists were still saying: “Well, 
we don’t know enough about this thing yet. You 
guys are not organized. It takes very tight con- 
trol of things for you to do it and there is just 
not time.” 

The morning went on and we kept pulling 
information out of the entomologists as to what 
could be done if this or that happened, and by 
noon, I think it was pretty apparent to Dean 
Patterson that, “by damn, we were going to do 
it,” and that if they were going to help us, they 
should start giving us some guidelines as to 
which way we were going to go from there. After 
lunch we came back and we quit trying to figure 
out whether or not the diapause program was 
going to work, and started trying to figure out 
how to get the diapause program started. As 
chairman of the meeting at that time, I sug- 
gested to the entomologists that they leave it to 
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us to get together the organizational base and 
to get the money to get it done. 

So it was at that meeting that we kicked off, 
without very much knowledge about the diapause 
program, and without any organization other 
than what the Plains Cotton Growers had— 
though they had made a total commitment to do | 
whatever was necessary. We jumped into that | 
project, and I was delighted to see the gears of 
the brains of the entomologists in Texas go to 
work on it, because when they really sat down 
and started refining this thing, it was only 3 
years until we had the weevil within that control 
zone almost to the point of extinction—a 99- 
point-something-percent reduction. By about the 
fourth or fifth year, the farmers in that area 
said: “We haven’t got a boll weevil problem 
any more. What are you guys carrying this pro- 
gram on for?” But we knew that these figures | 
that E. F. Knipling showed us today could come 
back on us, so we kept at it, and we continued 
to carry on the program with considerably re- | 
duced cost. 

In conclusion, I want to make the observation, 
as a farmer and as a producer, that there is a 
heck of a lot at stake on this one. 

D. D. HARDEE, Boll Weevil Research Lab- | 
oratory: We have been involved in a great deal 
of research at the Boll Weevil Research Lab- | 
oratory now for 10 or 12 years. I think the rec- 
ord shows that we have had to perform under 
some very adverse conditions. I agree with the 
philosophy that an individual can perform a lot 
better if he is under some pressure, but that way 
of thinking has its limits. This year in the Pilot 
Boll Weevil Eradication Experiment we had to 
come up with the necessary boll weevils—sterile 
males to release, let us say, on 7,000 acres. We | 
were under a lot of pressure to get that done, 
and though a lot of folks worked awfully hard, we 
couldn’t do it all of the time. 

If I understand properly the proposal before 
us, in the fall of 1975 we would start a repro- 
duction-diapause program on 800,000 acres out | 
in West Texas, which means that in the spring | 
of 1976 we have to come up with a large number | 
of sterilized boll weevils—male, females, mixed, 
or whatever. At this particular point, the only | 
boll weevil rearing facility available can handle, 

at peak production, enough for a maximum of | 

100,000 acres of cotton, and that is enough for 



one county in Mississippi—if you don’t select 

the wrong county. How in the world, in 2 years 

time, can we come up with enough sterile insects? 

Even if we have the techniques for rearing, even 

if we have the techniques for sterilizing, how, 

in 2 years time, are we going to have enough 

insects to release on 800,000 acres of cotton? 

I am not saying that we should not attempt 

this program. All I am saying is, let’s look at the 

starting point realistically. 

B. F. SMITH, Delta Council: I have been 

somewhat confused about some of the previous 

comments. Perhaps part of our problem is the 

word “eradication,” which has been bandied 

about so much. Maybe our problem is a matter 

of semantics more than anything else, and I won- 

der if some people see dedication toward eradi- 

cation as being contrary to philosophies of pest 

management. Personally, I think we are more 

or less talking about the same thing, and I don’t 

want to see this meeting end on a discordant note. 

Too much effort has been put into it. 

The Delta Council had a small part in this 

program in the initial stages. Hugh Arant and 

I were charged with the responsibility of getting 

the Mississippi Legislature to appropriate the 

funds for the rearing facility there. Perhaps you 

are unfamiliar with the Mississippi Legislature. 

There are a lot of fine people in it, but there are 

a lot of people who took a lot of explaining. We 

took this program down there and talked with 

the Legislature, and we got it passed in the House 

and the Senate without a dissenting vote. 

But we made one mistake: we didn’t ask for 

enough money. Nobody had ever built one of 

these facilities before, and when it got pretty 

far along, we found that we did not have enough 

money, so we had to go back the next year with 

our hat in our hand and tell the folks down there 

that we had come up short. They said, ‘Don’t 

worry,’ and appropriated additional money 

without a dissenting vote. 

I think it is important to the program that 

this conference not end with the appearance that 

we are going in different directions. I hope that 

we can arrive at some practical approach with 

which we can move toward our long-term objec- 

tive of trying to handle the boll weevil in an ef- 

fective way. 

F. G. MAXWELL, Mississippi State Univer- 

sity: As B. F. Smith has pointed out, the Mis- 

sissippi Legislature was very good to us in pro- 

viding a research facility to mass-rear boll wee- 

vils for the south Mississippi program. I was 

actively involved in the planning stage during 

the rearing facility construction. I know the 

problems involved, and I know the time involved 

in the construction of a complicated rearing fa- 

cility such as we have at Mississippi State. But 

this facility was designed as a research facility, 

not as a production facility for beltwide eradi- 

cation. It was designed to do the developmental 

work and refinement of mass-rearing technology 

necessary to allow us to project the needs of the 

two or even three additional rearing plants which 

would be necessary to produce the numbers of 

weevils needed to achieve beltwide eradication 

if and when we attempt it. So, I want to make 

it perfectly clear that this is a research facility, 

and that rearing is a limitation on when we could 

get a program underway. 

I have many times emphasized that we have 

serious limitations in rearing, and that it is going 

to require major monetary input into research 

development within the next few years to pro- 

vide the necessary know-how to mass-rear the 

weevils that are going to be necessary. How 

long it will take will depend upon how much 

money is fed into this research unit to solve the 

problems that are facing us. So, whether it will 

take 2 years, 3 years, or 5 years is really going 

to depend upon the resources, the training, and 

the manpower put to it. Thus, if we are really 

serious about beltwide eradication, we are going 

to have to immediately put resources into rear- 

ing and into chemosterilization. 

Again, this rearing facility is really a research 

project in itself, from which we hope to know 

what to recommend in the way of larger facilities 

in the future. It does take time to build additional 

facilities, and this is going to have to be taken 

into consideration even after we get the neces- 

sary information to give to architects and engi- 

neers and other people as to what should be in- 

cluded in the rearing facilities. 

DAN CLOWER, Louisiana State University: 

I am an older entomologist, and I am not against 

getting rid of the boll weevil by any means. I 

view this as a legitimate objective. My dealings 

in this matter go back a number of years. In 1955, 

I had to face growers and tell them I really did 

not know what they could do to control the boll 

weevil. That was the year when we encountered 
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resistance in Louisiana, and I hope I never have 

to face growers in that type of situation again, 

but our difficulties then are part of the reason 

for my concern now. I was also associated with 

the fire ant eradication program in the early 

stages and when it suddenly began to get out of 

perspective and switched from a research effort 

to a premature eradication effort, I went to L. D. 

Newsom and asked to get out. At that time I 

predicted that the entomologists, and really the 

whole profession, would be faced with some very 

serious problems. Today, there is a very definite 

difference between the terms “eradication” and 
“pest management.” 

I would like to make two other points: First, 

refering to H. L. Bruer’s remark about problems 

with people, it is going to be difficult or impos- 

sible to sell growers on a program when the sig- 

nificant segment of the research entomologists 

are not convinced at this time that we are ready 

for it. As for the timetable presented earlier, I 

think that these problems in technology can be 

solved. Secondly, I suggest that any decision to 

proceed, now or in the future, be a professional 

one and not a socio-political one. 

DON ANDERSON, cotton producer, Lub- 

bock, Tex.: I don’t think any producers who 

really understand the problems that entomolo- 

gists refer to have any illusions about the tre- 

mendous undertakings in this program. As a 

producer I have had considerable experience in 

many of the various components of the Pilot Boll 

Weevil Eradication Project. We tested a lot of 

the phases of the program utilized out in the 

High Plains region back in years past. It is a very 

tedious and time consuming job. But without 
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doing something, we can never know success. 

At some time, sooner or later, the entomologists 

and the people who guide the producers’ think- 

ing need to reconcile their various views, con- 

sider what is at stake if we don’t get together, 

and develop some organized system of coping 

with the insect. And I agree with B. F. Smith 

that for all the different opinions, we may wind 

up with the same thing. We possibly have some 

time before resistance develops; we possibly have 

some time before many of the insecticides that 

we can use are banned. We don’t know for sure 

how much time we have before the resolution of 

petroleum supply problems puts the synthetic 

people back into strong competition with us. I 

personally believe that the political environment 

is right, and that if we can get systems satisfac- 

tory to everyone developed and worked into place, 

we should be well on the road to beginning the 

project. 

CHARLES LINCOLN, member of the Arkan- 

sas Plant Board: I also happen to be a working 

cotton entomologist of some 30-odd years experi- 

ence. It is my opinion that we do not have the 

technical competence to eradicate the boll weevil. 

I come from a State where the boll weevil has 

already been eliminated as an economic pest. 

Boll weevil control in Arkansas is at such a level 

that the insect has a very minor impact on the 

quality of cotton; the cost is acceptable. But, as 

a working entomologist from the Plant Board 

I do have to help make action decisions, and I 

am generally considered to be an exponent of 

direct action. If, however, the farmers and poli- 

ticians want to eradicate the boll weevil, “have 

at it,” but count me out. 
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