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NOTICE 

The projec t  tha t  i s  the subj ect of th i s  repor t wa s approved by 
the Govern ing Board of the Nat ional Re search Counc i l ,  whose member s  
are  drawn from the counc i l s  o f  the Nat iona l Academy o f  Science s ,  the 
Na t iona l Academy of Eng i neer ing , and the Ins t i tute of Med ic ine . The 
member s of  the Commi ttee responsible for the repor t were chosen for 
the ir spec ial competences and w i th r egard for appropr iate balance . 

Thi s  repor t ha s been reviewed by a group other than the authors 
accord ing to procedures approved by a Repor t Review Commi t tee con­
s i s t i ng of member s of the Nat iona l Academy of Sc ience s ,  the Nationa l 
Academy of  Eng ineer i ng , and the Inst i tute of Med ic i ne .  

The Nat iona l Re search Counci l  wa s establi shed by the Na t iona l 
Academy of Sciences in  1916 to assoc i a te the broad community of 
sc ience and technology w i th the Academy ' s  purpose s of furthe r i ng 
knowledge and of adv i sing the federa l gover nment .  The counc i l  oper­
a te s  i n  accorda nce w i th gener a l  policies determined by the Academy 
under the author i ty of i t s  congressiona l cha r ter of 186 3 ,  which 
establi she s the Academy a s  a pr ivate , nonprof i t ,  se lf-governing 
member ship corpora t ion . The Counc i l  has become the pr inc ipa l opera t­
ing agency of bo th the Nat iona l Academy of Sc ience s and the Na tional 
Academy of Eng ineer ing in  the conduc t of the i r  serv ices to the 
government , the publ ic , and the sc ient i f ic and eng i nee r i ng communi­
ties . It i s  admini stered jointly by both Academies and the I ns t i tute 
of Med icine . The Nat iona l Academy of  Eng inee r i ng and the Inst itute 
of Med ic ine were establi shed in  196 4  and 19 70 , respect ively , under 
the cha rter of the Nat iona l Academy of Sc ience s .  

Th i s  study wa s suppor ted by the u.s. Depar tment of  Agr iculture . 
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PREFACE 

The Un i ted State s i s  a maj or wor ld supplier  of cotton . u.s. 
product ion of cotton l i nt plus seed wa s va lued at $ 5 . 1  bi llion in 
19 7 9  and $4 . 7  bi l lion in 19 8 0 . Cotton i s  the fou r th most valuable 
crop in  the Un i ted States a f ter corn , soybean , 
i s  g rown only in  the South , i t  represent s only 
the tota l c rop rece ipts for the Uni ted State s .  
produc i ng state s ,  however , i t  represents abou t 
the total c rop rece ipts . 

and wheat . Because i t  
6 . 8  to 8 . 1  percent of 

For the 14 cotton-
18 to 20 pe rcent of 

The cotton crop i s  vulnerable to a ttack from several insects 
everywhere , but e spec ia lly i n  the humid Sou theast . The cotton boll 
weevi l ,  Anthonomus grand i s ,  attac k s  deve loping cotton f lowers  ( pin­
head square s)  and young cotton boll s and cau se s  them to fa l l  of f the 
plant . Insect ic ides u sed to control the bo ll weevi l  have an e f fect 
on other insec t s  found on cotton as  we ll , and a s  a result wor k 
aga inst modern i nsect pest strateg ies d irec ted toward encourag ing 
natural predator s and parasites of the cotton insec t s .  The cotton 
boll weevi l entered the Uni ted States from Mexico in the late 1800s 
and is now a key pest i n  about ha lf the cotton acreage in  the Un ited 
States , ser iously infest ing 7 . 3  m i l l ion acre s  of a total 14 million . 
I t  i s  a marg inal pe st on an add it iona l 1 . 7  mi llion acre s .  For 
19 70-19 7 2 , boll weevi ls cost cotton farmer s nea r ly $260  m i ll ion each 
year in d i rec t crop loss plu s control cost s ( SEA 1981) . 

In  19 58 the Nat ional Cot ton Counc i l  at  the ir annua l convent ion 
recommended government act ion to erad icate the boll weevi l .  The u. s. 
Depar tment of Agr iculture ( USDA) se t up a wor k ing Group on Boll 
Weevi l Re sea rch Programs to re spond to thi s  recommendat ion , and the 
wor k i ng Group proposed that an interd i sc iplinary research laboratory 
be establi shed to concentrate on new approaches to boll weevi l  con­
tro l.  In 1 9 6 2  the USDA e stabli shed the Boll Weev i l  Research 
Laboratory in Mi ssiss ipp i  State , Mi ss i s s ipp i . 

By 1968 , USDA sc ient i sts conc luded that boll weevi l control 
technology had adva nced suffic iently to just i fy a f ie ld tria l of  the 
feasibi lity of erad icat ion ,  and a boll weevi l erad icat ion test was 

v 
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undertaken in  sou thwest Mi s s i s s ippi . The test a rea selected wa s 
considered to be one of the most d i f f icult areas in  which to ach ieve 
erad ication of the boll weevi l .  The data from the two-year test 
completed in 197 3 did not conc lusive ly demonstrate the feas i b i l i ty of 
erad icating the boll weevi l .  A second la rge-scale erad icat ion tr ia l 
was recommended for e i ther nor thwest Texas or Nor th Carolina and 
Virg in i a . In 1978 ,  two large-sca le t r ia l s ,  the Boll Weevil  
Erad icat ion ( BWE) t r i a l  in  Virg inia and Nor th Carolina and the Opt i­
mum Pest Management (OPM) trial  in  Mi ssissippi , were initiated by the 
USDA to a ssess which boll weevi l/cotton i nsec t management system 
would be most ef fect ive , economica l ,  and envi ronmenta l ly acceptab le 
i f  implemented be ltwide ,  throughout the cotton-produc ing areas in the 
Un i ted State s .  

The USDA appointed four evaluat ion teams to review the data from 
the BWE and OPM t r ial s .  Teams o f  economi st s ,  biologists , and 
envi ronmentali sts and an overa ll eva luat ion team were a sked to 
evaluate the data f rom the two trials , a long w i th data from 
add i t ional sources , and to assess and compare the impact of d i f ferent 
pest contro l strateg ies across the Cotton Be l t . The reports prepared 
by the se evaluat ion teams const i tute the USDA ' s eva luat ions of 
beltwide boll weevi l/cotton insect management program s .  

In the winter of 1978-1979 , USDA asked the Board o n  Agr icul­
ture and Renewable Re sources of the Nat iona l Resea rch Counc i l  to set 
up a committee of sc ient i sts w i th exper t i se i n  program eva luat ion and 
techn ica l  expe r t i se i n  cotton product ion , entomology , economic s ,  
ecology , and stat ist ical ana ly s i s  t o  study the conduc t  and results  o f  
the two tr ials  tha t had j u s t  gotten unde r way and to review the 
USDA ' s evaluat ion team repor t s  that were to assess the prac t icabi l i ty 
of  a lternat ive programs for beltw ide cotton i nsec t management . The 
NRC Committee wa s to cons ider several cotton insect management 
programs i nc lud i ng cur rent insect contro l  (CIC) programs pract iced by 
cot ton producer s  as  implemented by the Cooperat ive Ex tens ion Serv ice , 
USDA, grower organi za t ion s ,  and pr ivate con su ltants ;  the OPM tr i a l  in 
Mi ssiss ippi ; the BWE program i n  Vi rg i n i a  and Nor th caro l i na ;  and 
o ther programs i nclud i ng combinations of those mentioned above . 

At the conc lusion of the tr i a ls and the overa l l  eva lua t ion , the 
NRC Committee wa s a sked to appr a i se the techn ica l ef fect ivene ss of 
the BWE and OPM tr ials  i n  re la t ion to alternat ive pest control 
options and to a ssess the b iolog ica l ,  economic , and env ironmenta l 
impl icat ions of implement ing the BWE , OPM , and a l ternat ive programs 
in boll-weevi l-i nfested a reas of the Cotton Belt . 

In undertak ing i ts task the NRC Committee v i s i ted the BWE tr i a l  
i n  Vi rg i n i a  and North Ca rol i na and the OPM trial  in Mi ssiss ippi and 
talked with the program management staf f ,  USDA Cooperat ive Extension 
Service and research spec i a l i st s ,  growe r s  in the programs , and pe st 
contro l consu ltants .  We met w i th entomolog ists from the cotton­
produci ng state s a s  we l l  a s  pr ivate pest control consultan t s .  Mem­
ber s of the NRC Committee a lso a ttended meet ing s of the USDA 
Interagency WOr k i ng Group , the env ironmenta l ,  biolog ica l ,  and 
economic eva lua t ion teams of USDA , the Souther n  Plant Board , and the 

vi 
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Nat ional Plant Board , and meet ing s  on pheromone trapping technology 
and the Boll weevi l Ste r i l ity Program. Dur i ng the cour se of the 
study , I ,  a s  chai rman , met w i th the USDA Boll Weevi l  Policy Group to 
discuss the status of the committee ' s  activities and the i r  concern s  
about cer ta i n  a spects of the f ie ld tr ials and eva luat ion plans. 

A major d i f f iculty we encountered was the de lays in ava i labi l ity 
of the f ina l evaluat ion reports from the USDA evalua t ion teams . 
Wi thout these f ina l reports we could not proceed effect ive ly wi th our 
review and a ssessment . The f ina l biolog ical ,  environmenta l ,  and 
economic reports from USDA were delayed three to six months , and the 
cruc ial USDA overall eva luat ion team repor t wa s de layed three 
months--from Februa ry 20  unt i l  May 19 , 19 8 1 .  We accommodated these 
delays by adj ust ing to a more intensive review schedu le .  

The USDA ha s also prepared an Execut ive OVerview , dated May 20 , 
19 81 . Wh i le we approve the e f fort s  in  thi s  add i t iona l overview to 
ident i fy and explore new and improved a lter native s ,  the se new 
sc ena r i os cannot be evaluated on the basis of the data from the BWE 
and OH4 trials . 

Spec ia l  apprec iat ion i s  extended to those who coord inated the 
research in the tr i a l  programs for the i r  cooperation and efforts  to 
ma intain appropr i ate communicat ion w i th the NRC Committee . 

Kenneth R .  Ke ller , USDA OVeral l  Program COOrdinator , provided·. 
valuable assi stance a s  USDA ' s l i a i son to the NRC Committee . We w i sh 
to express our apprec iat ion to h im. 

We also w i sh to thank Ph i lip Ross,  Execut ive Secretary of BARR , 
staf f  off icer s Jame s E .  Tavare s and Selma P .  Ba ron , and secreta r i e s  
Mary LO u  Sutton and Sher idan E .  Caldwe ll for the i r  assi stance . 

Dean L .  Hayne s and ca rter M . Har r i son served a s  consultants and 
he lped in the preparat ion of th i s  repor t . We are grateful for the ir  
assi stance . The content of the repor t , however ,  and the views 
expre ssed in it remain the sole responsibi l i ty of the NRC Committee . 

Gordon E.  Guye r , Cha irman 
Committee on Alter nat ive Programs for Be ltwide Cotton Insec t 
Management 

vi i 

Copyright © National Academy of Sciences. All rights reserved.

Cotton Boll Weevil: An Evaluation of USDA Programs : a Report
http://www.nap.edu/catalog.php?record_id=18570

http://www.nap.edu/catalog.php?record_id=18570


CONTENTS 

StiiMARY. • • • • • • • • • • • • • • • • • • . 1  
Conc lusions . • . . . • • • . • • . • • . • • • . • • • . • • • • 3 

OVerview • • • • • • • • • • • • • • • • • • • • • • 3 

USDA Biolog ical Evaluat ion Team Report • • • • •  3 
USDA Economic Eva luation Team Repor t • • • • • • • • • • • • •  4 
USDA Environmental Evaluation Team Report . • • • • • •  5 
Operat iona l and SOciolog ical cons iderations . • • • • • • . 6  

Recommendat ion • • • • • • • • • • • • • • 7 

CHAPI'ER 1: COTTON CULTURE AND COTTON INSECT PESTS . . . . . . . . 8  

Cotton and Cotton Cu lture i n  the Uni ted States • . . . . • .8 
Cotton Product ion . • • • • • 
The Ecosy stem Concept . • • • 

• • • • • • • • • • • • • • • • • • 9 

The Cotton Agroecosystem • 
• • • • • • • • • • • • • • • • • 1 6  

• • • • • • • • • • • • • • 17 
Cotton I nsects  • • • • • • • • • • • 

Key Cotton Insect Pe st s .  • • • • • • • • • 
Bene f ic ial  Arthropods . • • • • • • • • • • • 

• • 17 
• • • • • 18 

• • • 18 

CHAPI'ER 2: COTTON I NSECT CONTROL. • • . . . . . . . . . . . . . 20 

H i s tory of Insect ic ide use on Cot ton • • • • • • 20 

The Arsenica l Pe r iod • • • • • • • • • • • • 20 
The Organoch lor ine Per iod . • • • • • • • • • • • • • •  21 

The Organophosphorus Per iod . • • • • • • • • • • • 22 
The cur rent Per iod • • • • • • • • • • • • • • • •  24 
overall Chemica l use • • • • • • • • • • • • • • • • • • • • 24 

Re s i stance of Cotton Pests to I nsectic ides • • • • • • • • 24 
HOlist ic Pest COntrol and Pestic ide use . • • • • • • • • • • 28 

Recent Deve lopments in  Cotton Insect Control • • • • • 28 
Plant Breedi ng and CUltura l  Management of COtton • • • • • • 28 

Breed ing Stra teg ies for Host Plant Resi stance (HPR) . • 30 
Shor t  Season varieties of Cotton • • • • • • • • • • • • • 30 
Host Plant  Resi stance Aga inst the Boll weev i l .  • • • 31 
HOst Plant Resi stance Aga inst Other Key Pests . • • • • • • 32 

ix 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Cotton Boll  Weevil :  An Evaluation of USDA Programs : a Report
http:/ /www.nap.edu/catalog.php?record_id=18570

http://www.nap.edu/catalog.php?record_id=18570


The Pro spects for Host Plant Re s i stance (HPR) . 

Pheromones of  Cotton Insect Pests.  
Boll weevi l .  
Pink Bollworm . 

Male Ster i l iza t ion • 
Di flubenzuron .  

Degradat ive Pa thways • 
Per s i stence . 
Tox icology • 

CHAPTER 3 :  PUBLICLY SUPPORTED PEST CONTROL . 

Leg i s lat ive Hi stor ica l Background . 
Cotton Insect Pe sts . 

• 3 4  

• 3 4  
• 3 5  
• 3 7  
• 3 7  
• 39 
• 40  
• 40 
• 41  

• 42  

• 42  
• 4 5  

CHAPTER 4 :  DESCRIPT ION OF THE OPM AND BWE TRIALS AND OPT IONS FOR 
FUTURE PEST MANAGElotENT • • 52  

The OPM Tr ia l .  
The BWE Tr i a l .  
Alternate Pest con tro l Strateg ie s for use i n  the Cotton Be l t  

O PM  Opt ion s .  
Th e  BWE Opt ion • 

CHAPTER 5 :  APPRAISAL OF THE OPM AND BWE TRI ALS AND PLANS FOR 
THEIR BELTWIDE APPLICATION • 

Introduct ion • 
Bio log ica l Cons idera t ion s .  

Homogene i ty o f  Er ad icat ion Tr ial ver sus Heterogene i ty o f  
Cotton Belt • 

Pheromone Tr aps . 
use of Tr aps i n  the OPM Tr ia l .  
Use o f  Tr aps i n  the BWE Tr ial.  
Pheromone Tr aps : SOme Unanswered Que stion s .  

Migra t ion and Di sper sal of  the Boll Weevi l  • 
Role of  Ster i le Male s  in  Eradicat ion • 
Ef fect of Boll Weev i l Erad icat ion on Biolog ical Control 

of He liothi s .  
Insect ic ide use . 
Host Plant  Resi stance (HPR) . 
Bene f icial  Ar thropod s .  

Biolog ica l Consequence s o f  Fai lure • 
Biolog ical Consequences of Success • 

Economic consideration s . 
Consumer Bene f i t s .  
Economic COnsequence s of  Program Fa i lure • 
Evaluat ion of Progr am cost s .  

Env ironmenta l considerat ions • 
Mon itor i ng  the Environmental Ef fects of OPM , CIC,  and 

BWE Tr ials . 
Gener i c  Envi ronmental I ssue s • 

X 

• 5 2  
• 53  
• 55  
• 55 
• 56 

• 58 

• 58 

• 60 

• 60 
• 62 
• 6 3  
• 6 3  
• 6 3  
• 65  
• 67  

• 68 
• 68 
• 69 
. 71 
. 7 1 
• 7 3  
• 7 4  
• 7 5  
• 78 
• 78 
• 79  

• 80  
• 80 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Cot ton  Bo l l  Weev i l :  An  Eva lua t ion  o f  USDA Programs :  a  Repor t
h t tp : / /www.nap.edu/ca ta log .php?record_ id=18570

http://www.nap.edu/catalog.php?record_id=18570


Bnviron.ental Toxicology and Health. • • • • • • • • • 82 
Bnviron.ental QUality. • • • • • • • .  • • • • • • • • • • • • 94 

Endangered and Threatened Species. • • • • • • • • • • • • • 95 
Unresolved Issues. • • • • • • • • • • • • • • • • • • • 95 
Conclusions. • • • • • • • • • • • • • • • • • • • • 97 

Sociological Implications. • • • • • • • • • • • • • • • .102 
Optimum Pest Management. • • • • • • • • • • • • • • • • • . 10 2  
Pest Manage .. nt Associations and Cooperatives • • • • • • • •  10 2 

Current Insect Control (CIC) • • • • • • • • • • • •  10 3 

APPENDIX A: USDA DEFINITIONS OF ALTERNATIVE BELTWIDE COTTON 

INSECT MANAGEMENT PROGRAM OPTIONS • • • • • • • . 104 

APPENDIX B :  U.S. DEPARTMBN'l' OF AGRICULTURE REPORTS EVALUATED • •  108 

APPENDIX C: ADDITIONAL COMMENTS ON THE USDA ECONOMIC 
EVALUATION, by Arnold Paulsen • • • • • • • • • .110 

REFERER::ES • • . . . . . . . . . . . 

xi 

. . . . . . . . . .120 

Copyright © National Academy of Sciences. All rights reserved.

Cotton Boll Weevil: An Evaluation of USDA Programs : a Report
http://www.nap.edu/catalog.php?record_id=18570

http://www.nap.edu/catalog.php?record_id=18570


FIGURES 

1 . 1 Actual and proj ected levels of cotton ' s  sha re of the tota l 

1 . 2 

1 .3 

1 . 4  

1 . 5 

f iber mar ket . • • • • • • • • • • • • • • • • 10 

Actua l and proj ected annua l averag e  g rowth rate s of wor ld 
f iber use . . . . . . . . . . . . . . . . . . . . . . . 10  

Actua l and proj ected annua l average growth rates of cotton 
u se • •  . . . . . . . . . . . . . . . • . . . . . . . . . . . . 11 

Actua l and proj ected annual average g rowth rate s of cotton 
product ion . . . • . . . . . . . . . . . . 12  

u . s .  harve sted cotton acreage by reg ions . . . . . . . 15 

5 . 1  Cotton d i str i but ion in  the boll weev i l-infested area of the 
Cotton Be lt d iv ided i nto zones of program operat ions . • • 7 2  

x i i i  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o t t o n  B o l l  W e e v i l :  A n  E v a l u a t i o n  o f  U S D A  P r o g r a m s  :  a  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 5 7 0

http://www.nap.edu/catalog.php?record_id=18570


TABLES 

1.1 Average cotton acreage, yield and production 1975-1979 
for 10 major cotton producing states and the total for the 

United States • • • • • • • • • • • • • • • • • • • • • 

2.1 Measures of susceptibility and resistance of Beliothia 

• • . u 

bollworm and budworm to various insecticides. • • • • • • • • 23 

2.2 use of insecticides on cotton in the United States, 

1964-1976 • • • • • • • • • • • . . . . . . . . . . . . . . • 25 

2.3 Multiple insecticide resistance in insect and mite peats of 

cotton in the United States • • • • • • • • • • • • • • 27 

2.4 Sex pber0110nea of insect peats of cotton • •  . . . . . 

3.1 Successful plant peat eradication programs from 

. . . • 36 

conterminous United States, APHIS • • • • • • • • • • • • • •  46 

5.1 Boat plant resistance (HPR) factors and their relative 

effect on cotton yield and susceptibility to key cotton 
insect peats • • • • • • • • • • • • • • • • • • • • • • • • •  70 

5.2 Present values of benefits and costa for alternative boll 

weevil aanagement programs. • • • • • • • • • • • • • • • • • 76 

5.3 Mean values of insecticide residue in ppa in cropland soils, 

1969. • • • • • • • • • • . . . . . . . . . . . . . . . . . . .83 

5.4 Average concentrations of insecticide in the air in ng;m3 

in suburban areas in the United States, 1972 and 1977 • • • • .84 

5.5 Average insecticide residue levels in woodcock wing muscle 

tissue (ppm) , 1971-1972 • • . . . . . • . . • • • • • • . . . .86 

5.6 Average insecticide residue levels in human adipose tissues, 

1968. • • . • • • • • . • • . . . . . • • • • • . • • • . • • .87 

XV 

Copyright © National Academy of Sciences. All rights reserved.

Cotton Boll Weevil: An Evaluation of USDA Programs : a Report
http://www.nap.edu/catalog.php?record_id=18570

http://www.nap.edu/catalog.php?record_id=18570


SUMMARY 

Since the early years of this century, efforts to control the 
boll weevi 1 and other insect peats of cotton have been the combined 
re�naibility of the federal government, state governments, and 
cotton growers themselves. In the laboratories of USDA, of state 
universities in the Cotton Belt states, and of private chemical 
companies, scientists in a number of disciplines have continually 
sought better ways of controlling the boll weevil and other cotton 
peats, placing moat of their emphasis on the development of chemical 
insecticides. As new insecticides have been created in the labora­
tories and then manufactured on a commercial scale by chemical com­
panies, the USDA and state agricultural extension services have 
advised cotton growers--often with the assistance of cotton growers• 
councils--on how to use these insecticides in the most effective and 
efficient ways, and to supplement them with other tactics such as 
cultural practices. This method of dealing with cotton peats is 
referred to in this report as •current insect control,• or CIC. This 
method, of course, has required cotton growers to spend vast sums of 
money to purchase and apply the insecticides. 

One major problem has been that the boll weevil, Anthonomus 
grandia, has shown remarkable ability in developing biological resis­
tance to each new insecticide over a period of time. Although many 
of the insecticides developed over the last 40 years were able to 
reduce boll weevil infestations substantially when first used, none 
has demonstrated the ability to do so indefinitely. A related prob­
lem has been that reductions in boll weevil populations through the 
use of the newest pesticides have often been accompanied by increases 
in the populations of other cotton plant pests, such as the bollworm 
and the tobacco budworm. Furthermore, efforts to control these peats 
and the many others that also attack the cotton plant have been 
hampered by the practical difficulties involved in carrying out 
coordinated control programs among thousands of cotton growers spread 
out over large geographic areas. 

As the demand for cotton has gradually declined in the united 
States, as each new insecticide has lost its effectiveness against 
the boll weevil, and as the costa of growing cotton have increased, 

1 
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cotton grower s and o ther intere sted per sons from the Cotton Be l t  
states  a f f l icted by the bo l l  weevi l have urged the federa l gover nment 
to assume the re sponsibi l ity of manag ing the boll weev i l  on a coor ­
dinated nat iona l bas i s .  Those in the cotton i ndustry , as  well as  
many member s o f  Congress from the southern state s ,  have generally 
advocated an a ll-out e f for t to erad icate the bo l l  weev i l  from the 
ent ire  United Sta te s . Other s ,  however ,  i nclud ing a substant ial  
number of sc ient i sts , have expre ssed r e servat ions about the probabi l­
i ty of success of any a ttempt to erad icate-- tha t i s ,  to tota lly 
e liminate--the boll weevi l  populat ion in  the Un i ted S tates . The i r  
view i s  tha t any federa l  program should b e  d irected at  keeping boll 
weevi l populat ions below the leve ls at wh ich they cause economically 
sign i f icant damage to cotton . 

Between 1978 and 1980 , USDA conduc ted concur rent three -year 
trials  of the se two strateg ie s .  one , the bo l l  weevi l  erad icat ion 
( BWE) progr am in Nor th Caro l ina and Virg inia , was intended to reduce 
the boll weevi l populat ion to zero.  The other , ca lled the opt imum 
pe st management ( OPM) program , in Panola County , Mi ssi ssipp i  was 
des i gned to keep the populat ions of boll weevi l s  and other cotton 
pe sts below economically damag ing leve l s .  The BWE tr ial area 
increased from 15 , 500 acre s i n  1978 to 3 2 , 500 acres of cotton in 
19 80 , and the OPM tr ial in Mississippi i nvolved treatment of cotton 
acreage tha t i ncreased annually from approximate1y 3 2 , 000  acres in 
19 78 to 39 , 00 0  acr e s  in  1980 . 

The pr i nc ipa l  purpose of th i s  r epor t i s  to review the conclu­
s ions reached from the two exper iments a s  to the probable biolog ica l ,  
economic , and env i ronmenta l e f fects that  might result  from federal 
implementat ion o f  e i ther a BWE or OPM progr am th roughout the Cotton 
Be lt .  Chapter 1 of the repor t provides an over a l l  descr ipt ion of  
cotton culture in  the Un i ted States and of the insect pests wh ich 
attack cotton , wh i le Chapter 2 summar i zes the var ious e f for ts  that 
have been made to reduce the economic damage cau sed by these pests.  
Chapter 3 has two par t s ,  one rev iews the leg islative background for 
publ ic ly supported pest con trol programs in gener a l ,  the other 
concentrates on federa l  programs toward the control of the boll 
weevi l in  par t icular . Chapter 4 d i scu sses the OPM and BWE trials in 
more deta i l  and out l ines how they wou ld be implemented if a dec i s ion 
was made to use e i ther one throughout the Cotton Be l t . I t  also 
touche s upon a lter nat ive control strateg ie s .  Chapter 5,  the longest 
chapter in  thi s  repor t ,  is an extens ive appr a i sa l  of the two exper i­
mental tr ials  themse lve s--how they were conducted , the conclusions 
drawn from them , and the ex tr apolat ions of those conclusions made by 
USDA to determine the probable biolog ica l ,  economic , and env iron­
menta l e f fect s  i f  e i ther an

· 
insect management or erad ication program 

was car r i ed out throughout the cotton Be lt . The USDA ident i f ied six 
alter nat ive be ltwide boll weevi l/cotton insec t management programs . 
The de f ini t ions of  these alternat ive programs are g iven in  Append ix A .  
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CONCLUSIONS 

OVerview 

The NRC Committee applauds the advances in insect control tech­
nology and management that have taken place under the direction of 
the USDA during the course of the trials such as diapause control, 
pheromone traps for monitoring population of weevils, and plant 
breeding. The NRC Committee recognizes the important contribution to 
the understanding of cotton insects made by the technical monograph 
on cotton insect management (SEA 1981) and also commends USDA for the 
imaginative approach and creative efforts to project future impacts 
of the various programs. 

More than 80 years of experience with programs intended to 
eradicate such pests as the gypsy moth, the fire ant, and the mosqui­
toes that transmit malaria and yellow fever have demonstrated that 
the future effects and costs of eradication programs cannot be accu­
rately predicted. Eradication programs must therefore remain open­
ended. Since difficulties are likely to appear, eradication efforts 
may have to be intensified, new technologies may have to be used, and 
legislative action may be required to enforce full participation by 
cotton producers. 

An acceptable beltwide program for managing cotton pests must be 
one that allows cotton growers to produce cotton efficiently and 
causes minimum harm to the environment. Since the biological conse­
quences, environmental effects, and economic costs of an eradication 
program cannot be predicted with any degree of certainty, specific 
probabilities should be attached to alternative estimates of public 
costs and benefits. The probability of success of each level of 
program effort should be stated, and it is necessary to compare a 
realistic range of potential benefits with a realistic range of 
possible costs. 

After reviewing the USDA evaluation team reports, the NRC 
eom.ittee came to the following conclusions about the BWE and OPM 
trials and the USDA evaluation teams' extrapolation of the data from 
the trials to beltwide programs: 

USDA Biological Evaluation Team Report 

• The USDA biological evaluation was based only on data from 
the two trial areas; therefore, the biologists were unable to 
make probabilistic extrapolations about the possible effects 
of either method on the entire boll weevil belt. The implic­
it inference that these data apply to the entire area inhab­
ited by the boll weevil is statistically invalid. 

• The cotton insect complex, the environmental characteristics, 
the cotton production practices, the insect management prac­
tices, and perhaps the boll weevil populations vary consider­
ably from year to year across the Cotton Belt. Yet the OPM 
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and BWE trials and the USDA plans for implementing each one 
on a be ltwide bas i s  provide l i t t le informat ion on th i s  heter­
ogene i ty or how to dea l ef fect ive ly with i t .  

• The evidence does not demonstra te tha t m igr a t ion was the 
rea son for the d i scovery of an individual weevi l  or the 
d iscovery of a reproduc ing weevi l popu la t ion in the BWE tr i a l  
are a .  Therefore , th e  B WE  t r i a l  did  not conclus ively demon­
stra te that erad icat ion was ach ieved . Even i f  no weev i l s  had 
been found , the tr ia l as des igned cou ld not have proved 
conc lus ive ly tha t  erad icat ion had been accompl i shed . 

• The migration and d i sper sa l potent ial of the boll weevi l  are 
incompletely under stood . There are r i sks in a ssuming tha t 
the bol l weev i l  i s  i ncapable of • j umps • of  a much longer 
d i stance than wha t is now accepted as the maximum . It is not 
possible to j udge the prospects for erad ication and the ir 
costs w i thout  more knowledge of boll weev i l  migr at ion . 

• The e ffect iveness of e f forts to ster i l i ze male boll weev i l s  
has not been demonstr a ted . S i nce the or ig ina l plan of the 
BWE tr ial was based on male ster i l i zation as a bas ic tech­
n ique , there is a need to reexamine the role of th i s  tech­
n ique i n  future boll weevi l con trol and eradicat ion programs . 

• The proposed pheromone tr ap densi t ies and the leng th of t ime 
they would be operat iona l for moni tor ing the effect iveness of 
a beltwide erad icat ion program wou ld be i nadequate , pa r t icu­
lar ly for detecting low leve l infesta t ion s .  

USDA Economic Evaluation Team Repor t 

• The spec i f ic costs for full implementat ion of the OPM program 
that wou ld be necessary pr ior to erad icat ion were not inc lud­
ed in proj ect i ng the overall costs of the eradicat ion program 
(OPM-BWE , see def i n i t ions in Appendix A) , and the regulatory 
and organizat iona l re sponsibi l i t ies in e f for ts to erad icate 
were not defined . 

• The NRC Committee be l ieve s that the net consumer benef its as  
we l l  as the loss of  net income to producer s as  calculated in  
the USDA Economic Evaluat ion Team Repor t are inflated ( See 
Table 5 . 2  that reproduces the table from the USDA repor t ,  
Economics and Stat istics Ser vice 198lb) . 

• The NRC Committee agree s tha t  i f  erad ication of the boll 
weevi l is adopted as  a joint pol icy and f inanc ial responsi­
b i l i ty of  the federa l  and state gover nments and cotton 
grower s ,  the shor t-range costs o f  cotton insect control ,  both 
economic and env ironmenta l ,  w i l l  r i se rela tive to cont inua­
t ion of current insect contro l pract ice s .  However , the long 
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range economic and envi ronmenta l costs of a BWE program or 

CIC cannot be predicted from e i ther the tr i a l  data , wh ich do 
not address the he ter ogene i ty across the COtton Belt , or the 
De lph i panel data , wh ich are subjec t ive project ions and 
estimate s obta ined from pest con tr ol expe r t s  and cotton 
producer s .  

• Th e  N RC  Commi ttee agrees i f  a n  O PM  program , implemented area 
by area , wa s adopted as a coordinated publ ic re spons ibi li ty ,  
th i s  stra tegy wou ld reduce the economic and environmenta l 
cost s to be low the costs of cur rent insec t con trol .  The 
shor t r un management costs of an OPM progr am cou ld be expect­
ed to be much be low the shor t  run cos t  of erad ica tion . 

• A deci sion on which stra tegy should be implemented be ltwide 
shou ld not be made on the ba s i s  of the repor ted d i f ferences 
a mong bene f i t-cost r a t ios or •normal i zed• economic pred ic­
tion s .  The data genera ted by the De lph i  pr oce ss and the 
progr am cost project ions s imply are not prec i se enough and 
fa i l  to show enough recogn i t ion of the r isks of chang ing to a 
B WE or an OPM program .  

USDA Env ironmenta l Eva luat ion Team Repor t 

• The USDA envi ronmenta l evaluat ion focused on the two tr i a l  

area s ,  and no e s t ima te s were made of the changes in environ­
mental qua l i ty tha t  might result from beltwide implementat ion 
of erad ica t ion or opt imum pest management programs . 

• Since no be ltwide data were provided on the e x i sting leve ls 
of pestic ide re s idue s or on the residues that would be added 
by implement ing e i ther an OPM or a BWE progr am , the NRC 
Commi ttee was unable to eva lua te the projected env ironmenta l 
impact .  Any be ltwide conc lusions extrapola ted from environ­
menta l e f fec ts dur i ng the OPM or BWE tr ials are unj usti f ied . 

• The NRC commi ttee believe s tha t a BWE or OPM progr am wou ld 
i ncrease pe s t ic ide concentration s i n i t ia l ly by add i ng 
substant i a l  amounts of insec t ic ides ( 5  or more add i t iona l 
applicat ion s per season) to the 10 to 12 appl ica tion s per 
sea son now made in some areas .  The dur a t ion o f  thi s  inten­
s ive appl icat ion per iod in any g iven area cannot be predict­
ed . However , i t  wou ld obviously have to be continued as  long 
a s weev i l s  were captured in  tr aps . At lea s t  16 d i f ferent 
insectic ides have been employed in the OPM and BWE tr ials . 
The env i ronmenta l e ffects of some of the se insect ic ides over 
extended areas and extended per iods of time are l i t t le known . 

• Severa l important pe�tic ide concentration rates , and the 
be ltwide environmenta l impacts of the i nsec ticide applica­
t ions proposed in  the USDA's OPM and BWE programs , have not 
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been estima ted adequately . Area s of par t icular concern  are :  
(1) the e f fects of d i flubenzuron on e stua r i ne and coa stal 
crustacea , ( 2 )  the e f fects of inhalation of the hi9hly toxic 
methyl par a th ion ,  EPN , and a z i nophosmethyl upon human health , 
( 3 )  the e f fects of these three insec t ic ide s upon honeybees 
and other polli na tor s ,  ( 4 )  the 9eneral e f fects of an i ntensi­
f ied insec t ic ide load on natura l  enemies of secondary cotton 
insect pests and the possible r e sur9ence of these pests as a 
consequence , ( 5 )  the e ffects of  an intens i f ied insec t ic ide 
load , e spec ially of pyre throids , on 9ame and cultivated f i sh 
popula t ion s ,  and ( 6 )  the effects of  an intens i f ied insecti­
c ide load on endan9ered species . 

• The •modular ind ice s •  used in the USDA env ironmenta l evalua­
t ion are mi slead in9 and are based on insu f f icient or inade­
quate data . The only wi ld l i fe parameter used , for example , 
was the populat ion of wh i te-ta i led deer , estimated from 
hunter k i l l s .  I t  wa s a lso repor ted that insuf f ic ient data 
were 9athered on f i sh popu lat ions in  the tr ial  areas to 
ca lcu late population chan9e s .  As a consequence of thi s  
pauc i ty of data , no ind ices were determined for e i ther f i sh 
or wi ld l i fe i n  the OPM and BWE tr ial s .  De sp i te thi s lack of 
cr i t ical informa t ion , calculat ions based ent irely on l imi ted 
spray d r i f t  and res idue were made and led to the assumption 
that an eradicat ion pro9ram (OPM-BWE as def ined in Append ix 
A) wou ld have much less of an environmenta l  impact than an 
OPM pr09ram or ere. 

• NO a ttempt wa s made to mon i tor the ef fec ts of  e i ther an OPM, 
ere, or BWE program upon the health of pe r sons d i rectly 
exposed to insec t icides . An exce llent oppor tun i ty ex i s ted to 
mon itor the impac t of the insec t i c ides on the exposed per son­
ne l involved in  the tr i a ls ,  but no stud ies appear to have 
been mad e . A min imum l i st of the cl in ica l eva luat ions that 
shou ld have been made dur i ng the tr i als wou ld include : ( 1 ) 
excret ion o f  ur inary  metabol i tes from parathion , methyl 
para thion , a z inophosmethy l ,  d if lubenzuron ,  etc . ; ( 2 )  neuro­
log ica l and behavior a l  eva luat ions includ ing blood ace tyl­
cholinestera se leve ls ; and ( 3 )  blood chemi str ies for an 
ana lys i s  of pesticide re s idue s .  

Oper a t iona l and SOc iolog ica l Considerat ions 

• The NRC Committee bel ieves that a precond i t ion for implemen­
tation of any eradication prog r am would be a commi tment by 
Cotton Be l t  state s to establ i sh the necessary regu latory 
author i ty and to appropr i a te the nece ssary f inanc ial suppor t .  
NO evidence wa s presented tha t such comm i tments have been 
made or can be obta ined . 
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• A be ltwide appra i sa l  of the a t t itudes of cotton grower s 
toward an OPM or BWE e f fort was not under taken . The NRC 
Committee bel ieve s that such a survey to determine the extent 
of grower cooperation and opposi t ion wou ld be essent ial 
before a federa l and state comm i tment to any k i nd of program 
could be made . 

• The USDA evaluat ion d id not try to a ssess the atti tude tha t 
pr ivate pest consu ltants or agr ibu siness f irms might take 
toward e i ther an OPM or BWE program .  It is the NRC Commit­
tee ' s  opinion tha t the posi t ive suppor t of both groups would 
ra i se the probab i l i ty of success . 

• The USDA evaluation fa i l s  to inc lude any technica l plans for 
ma inta ining a bar r ier a long the border w i th Mexico to prevent 
a re inva sion of u.s. cotton by the boll weevi l .  Also missing 
are plans for coping with plants outside cotton fields which 
may be boll weevi l  host s .  

RECOMMENDATION 

The NRC committee unan imously recommend s tha t integra ted pest 
management (IPM) pr actices--that i s, the use of a ll ava i lable tech­
nologY and methods integrated into a hol i stic approach to pest 
contro l--be the thr ust of  boll weevi l  and other cotton pest control 
programs for the next severa l  year s .  Dur ing the past 10 year s ,  
integra ted pest management ha s made tremendous progre ss i n  reduc i ng 
both insec t ic ide u se and cotton losse s .  Through cont inued research , 
educat ion , and the adopt ion of new pr actices , cotton insect management 
should continue to improve . The rapid adoption of new techniques in 
recent year s demonstr ates tha t  current insect control practices are 
dynamic . A truly i ntegrated management program i s  s t i l l  evolving and 
probably will  vary from year to year and area to area , depend ing on 
the var iable s in each reg ion ' s  cotton crop , ecology , and economy . 

As cotton insect control technology cont inues to evolve , the 
potential for erad ication shou ld be per iodica lly reeva luated . The 
NRC Committee there fore recommends an i nde f i n i te postponement of both 
the OPM and BWE programs, and we encourage the pr ivate sector, the 
academic commun i ty, and government agenc ies to assist the deve lopment 
and adoption of pr ivate i ntegrated pest management so tha t  its poten­
t ia l  i s  more fully reali zed . 
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1 .  COTTON CULTURE AND COTTON INSECT PESTS 

COT'roN AND COTTON CULTURE IN THE UNITED STATES 

The genu s Gossypium ,  t o  which the cotton plant be long s ,  may be 
d ivided into 2 g roups , accord ing to ch romosome number . One group has 
a haploid chromosome number of  13 , the other 26 . Commerc ial cotton 
be long s  ma i n ly to the g roup w i th 26 chromosome s that or ig inated in 
Centr a l  Amer i ca .  Th i s  group consi st s  ma inly o f  the cultiva ted spe­
cies G .  hir sutum and G .  barbadense . 

Cotton i s  genera lly an annua l plant when cult ivated , a lthough i t 
can also be grown a s  a perennial  in warm temperate zone s .  Cotton i s  
cult ivated i n  a wide range o f  so i l  types that are we ll-dra i ned and 
aerated but rete nt ive of mo i sture . I t  can be cult ivated between 4 3° 
nor th latitude and 2 5° south latitude . Successf u l  cult ivat ion 
requ ires a mean warm sea son temperature of over 24°C , an annua l 
ra infall of 400  to 1 , 20 0  mm with favorable seasonal d i str ibu t ion , 
abundant sunshine d u r i ng the pe r iod of boll maturation and harves­
ting , and a frost-free per iod longer than 160 days . 

The matura t ion of the boll from the t ime of ferti li zat ion to the 
t ime of spl itting takes about 50  days . The mature lint i s  formed by 
ex trusions of the epiderma l cells of the testa ( seed coat) . These 
are long tubu lar cells w i th a heavy cellulose wa l l .  The staple 
length of the mature lint ranges from 1 to 5 em or more in d i fferent 
species and var ieties . 

Cotton has long been a maj or crop in the Un i ted State s .  Along 
wi th tobacco and r ice , cotton wa s an agr icu ltural expor t of colonial 
Amer ica ,  and i ts impor tance increased dur i ng the nineteenth century 
to the point where the cult ivat ion of cot ton became a dominant influ­
ence in the social  and economic deve lopment of the southern states . 
Ebeli ng ( 19 8 0 )  has descr ibed the soc ia l and economic changes that 
accompanied the expansion of cotton cu lture in  the South . 

Cotton culture survived the soc ia l and economic upheava ls of the 
Civ i l War , although cotton grower s in the sou theastern s tates often 
suffered economic depress ion and deplet ion of soi l  nutr ients even­
tually resulted in widespread malnu tr i t ion in the reg ion ( Ebe l ing 
1980 ) . At the beg i nn i ng of the twentieth century cotton wa s still  

8 
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the major agr icultura l crop in  the Old Sou th . In recent year s , 
however , cot ton cultiva t ion in the southwestern states and Ca l i forn i a  
has become impor tant due to the implementat ion of irr igation projects 
(Ebeling 19 80 ) . 

The boll weevi l ,  which appeared in  the Un i ted S ta te s  in the last 
decade of the nineteenth century , wa s the first  important insec t pest 
of cotton ( Parenc ia 197 8 ) . The search for measure s to control the 
boll weevi l  and the deve lopment of o ther sign i f icant pest problems 
have become over r i d ing considera tions i n  cotton cultivat ion . Recent 
control technology ha s i ncluded the wide spread use of a var ied 
ar sena l o f  synthetic organic chemical s .  The h i story of insec t ic ide 
deve lopment , use , and abuse , and the concomitant changes in cot ton 
cult ivation are d i scussed in later sect ions of thi s  chapter . 

COTTON PRODUCTION 

Cotton product ion in  the Un i ted States ha s rang ed from 17 to 2 2  
pe rcent of wor ld cotton product ion si nce 197 4 . Russia , Ch ina , and 
the Uni ted States together produce about one-half to two-th i rds o f  
wor ld cotton . Wh i le mo s t  cotton seeds a r e  used domest ica lly , about 
half of u . s .  cotton lint is expor ted . The se expor ts vary sharply 
from yea r to year , in  con tra st to the relat ive ly steady dome stic l i nt 
consumption of 6 mi ll ion bales per year . In 1979-1980 , for example , 
9 . 2  mi l l ion bales of u . s .  cotton wer e expor ted , account ing for more 
than 40 percent of wor ld cotton tr ade; in 1980- 19 8 1  less than 6 
million ba les were exported , abou t 30 percent of wor ld cotton trade . 
Cot ton compr i sed 6 . 3  percent of the tota l value of u . s .  agr icultural 
expor ts in  197 9  and 6 . 8  percent in  1980 . 

Cotton accounts for half of the f iber used wor ldwide and for 
one-quarter to one-th i rd of u . s . fiber consumption . I t  i s  an impor ­
tant crop to the wor ld , the Uni ted S tates , the text i le industry , the 
economies of the cotton sta te s ,  and to several hundred thousand 
people employed in  cot ton-re lated industr i e s .  

Cotton ' s  share o f  the wor ld f iber mar ket has been trend i ng 
downward , however ,  and will  probably cont inue to fa ll , reachi ng 40 
percent by the year 1990  ( Figure 1 . 1 ) . Nonethe less , per per son fiber 
u se has been r i sing about 4 percent a year . Future wor ld f iber 
consumpt ion may g row 2 . 5  to 3 percent a year and wor ld cotton use 1 . 3  
to 2 percent a year ( Figure 1 . 2) . WOr ldwide cotton use rose from 4 5  
mi llion ba le s in the ear ly 196 0 s  t o  6 5  m i l l ion in 1980-19 8 1  and by 
19 90 may be 80  mi llion ba le s (Collins e t  a l .  19 79 ) . 

The upward trend in  u se of cotton ( Figure 1 . 3 ) i s  relat ive ly 
smooth compared to the upward trend in wor ldwide product ion (Figure 
1 . 4 ) . Production of cotton in the deve loping and Commun i st (Central 
Plan) countr ies has increased faster than in the Uni ted States . 
Between 196 4  and 197 7  the large st i ncrea ses and the greatest rates of 
increase in both u se and production were i n  the Commun i st countr ies 
(Collins et a l .  19 79 ) , and the g reate st future expansion in  cotton 
u se i s  expected to be in deve loped countr ies ou tside the Uni ted 
State s (COllins et a l .  19 7 9 ) . Data for 197 7  through 1980  show that 
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FIGURE 1 . 1  Actual and projected levels of cotton's share of the total 
fiber market . Cotton's share of the world fiber market 
declined from 68\ in 1 960 to SO\ in 1974 . Alternative I 

& II (dotted line )' projects cotton to have 43\ in 1 990. 
Equivalent of Alternative II (dashed line ) projects lower 
share by dividing the more optimistic total fiber use by 

the least optimistic projection of cotton production . 

SOURCE: Collins et.,al . (1979) 
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FIGURE 1 . 2 Actual and projected annual average growth rates ?f world 
fiber use . World fiber use grew about 4\ per year from 

1964-1974 . Alternative I projects 3.1\ growth to the year 
1990 by a more rapid growth of world population and fiber 
use per capita than Alternative II. 

SOURCE: Collins et al. (1979) 
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FIGURE 1 . 3  Actual and projected annual averaqe qrowth rates of cotton 
use . WOrld cotton use expanded 2 . 2\ per year up to 1974 
which was only half the rate of expansion of total fiber 
use. Alternative I projects 2\ qrowth to 1990 by 
anticipatinq slower qrowth of total fiber use and a 
declininq share for cotton . Alternative II anticipates 
the same market share for cotton but lower cotton yields , 
fewer acres, less people , and lower use of fiber per capita . 

SOURCE: Col lins et al. (1979) 
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FIGURE 1.4 Actual and projected annual average growth rates of cotton 

production. Expansion of world cotton production may 

speed up in the future (Alternative I ) in spite of slower 
growth in Central Plan Countries. Under Alternative 

II slower yield growth and expansion of acreage is 

expected in all regions. 

SOURCE : Collins et al. (1 979) 
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cotton use in the Communist countr ies is expanding more rapidly than 
expected , whi le product ion i s  expand ing less rapidly than expected 
(note dots ,  Figures 1 . 3  and 1 . 4 ) . 

Use of cotton in  the Un i ted States ha s declined since the ear ly 
1960 s . TOta l use of a l l  fiber s in the Un i ted States grew from 36 
pounds per capita in  1960 to 56 pounds i n  1980 , whi le domest ic cotton 
use fe l l  from 2 3  to 14 pounds per cap i ta . Cotton ' s  share of the 
f i ber mar ket fell from 6 4  to 27 percent between 1960 and 1980 but may 
decline more slowly to 22 percent by 1990  (Coll ins et a l .  1979 ) . I t 
appear s that the extent of the chang e to man-made f iber s may be 
near ly complete . 

Table 1 . 1 g ive s the cotton produc t ion for the major cotton 
produci ng state s in the USA. There ha s been a steady sh ift  of cotton 
acreage w i th in the Uni ted States toward the We st . Th i s  shi ft i s  
pr ima r i ly the re su lt of better cotton-growing cond i t ions--a longer 
growing season in Ar i zona and Cal i fornia , a greater number of large 
fla t  f ie lds in  Texa s ,  and less damage from pests in bo th area s .  
The se advantages have resu lted i n  lower per ba le product ion costs in 
the west than in the Sou thea st or i n  the hills of the De lta state s .  
In add i t ion ,  wester n cotton has usually been sold a t  sligh t ly h igher 
pr ice s because of i t s  better qua lity .  In  1977 yields were above 
normal for the De l ta and the Southwest and be low norma l for the 
Sou thea st , and the cost d i f ference s were very large . Produc tion 
costs per pound of l int  in  197 7 ,  exclud ing land cost s ,  were 50  cents 
in the west , 4 6  cents in  the Sou thwest , 56 cents in  the Delta , and 99 
cents in  the Southeast . Reg ional pr ices for cotton i n  1977 were 
re la t ive ly low ( 56 cents in the We st , 50 cents in  the Southwe st , 52 
cents in the Delta , and 52 cents in the Southeast) , but these reg ion­
al pr ice d i fference s reflected the typical pa ttern--cotton in the 
we st averaged 4 cent s above the nat iona l average of 52 cents,  and 
cotton in  Texa s averaged 2 cents be low . 

Up to 197 4 ,  var iou s  government programs retarded the westward 
movement of cotton . Prior to 19 7 1 ,  mar keting quotas d i scouraged 
expansion in the West . The quotas were e liminated in 1971 , but a 
program involving a min imum pr ice of 15  cents per pound , wi th bonuses 
for small farmer s ,  was ma intained unt i l  197 4 .  When the sma ll farmer 
bonuse s were e l iminated , cotton acreage dropped in the Southeast ( see 
Figure 1 . 5 ) . 

I f  the trend s  shown in Figure 1 . 5  cont inue unt i l  1990 , the 
reduction in acreage may be s lower in the Southeast and the Delta , 
and expansion in Texa s and Ok lahoma may be slower . Some add it ional 
expan sion of ir r igated cotton acreage may take place in Ar i zona and 
ca l i for n i a ,  a lthough the increase in product ion cost s assoc iated w i th 
ir r igat ion may limit thi s  expans ion and spur the trend to dry land 
cotton in Texas and Ok lahoma . The economic return from using wa ter 
to ir r igate cotton--for example ,  in the Imper ia l  Val ley of Ca l i for­
nia--i s  genera l ly h i gher than from wa ter used to i r r igate gra in 
crops , but it  i s  lower than the return from ir r igating off-sea son 
vegetable , vine ,  and tree crops . 

Nat iona l average y ield per acre may not r i se a s  much in the 
future or may even fa l l  if there i s  a reduct ion in the Sou thwe s t ' s  
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TABLE 1. 1 Average cotton acreage , yield and production 
1 97 5-1979 for 1 0 major cotton producing states 
and the total for the United States . 

Upland Cotton Acres harvested Yield ( lbs . Produc tion 
( 1 000 acres )  per acre ) (1 000 bal es ) 

Texas 5593 347 411 3 

Cal ifornia 1 2 95 957 2 5 1 5  

Miss i ssippi 1 2 3 2  5 2 6  1 3 3 0  

Arizona 48 3 1 01 9  1 02 0  

Arkansas 7 7 0  4 7 5  7 5 3  

Oklahoma 4 6 3  3 3 1  3 3 0  

Louisiana 4 7 7  551 54 5  

Alabama 3 61 4 1 9  3 1 1  

Tennessee 28 9 3 7 8  2 2 2  

Mis souri 2 0 9  447 · 188 

Total u. s. 1 1 , 64 3  1 1 , 7 5 1  

a
Average yield per acre . 

SOURCE : USDA ( 1 98lb) 
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FIGURE 1 . 5  u . s .  harvested cotton acreaqe by reqions . The shift of 
cotton toward the West accelerated after 1 97 4 . The share 

of cotton in the West outside the bo�l weevil belt is 17\ 
of acreaqe but is 35-40\ of production . 

SOURCE :  Coll ins et al . (1979) 

abi l i ty to ir r igate cotto n .  An expans ion of Texa s  and Ok lahoma 

dry la nd cot ton produc t ion may be large enough to offse t  any produc­
tion decl i ne s  in the Sou thea st and we st . 

In the De l ta state s ,  wh ich produce 20 to 30 percent of the 
cotton produced i n  the un i ted State s ,  fu ture acreage and y i e ld leve ls 
are not projec ted to chang e  sign i f icantly . No s ign i f icant change i s  
expected i n  the se sta te s over the long run i n  the pr ice r a t io between 
cotton and soybeans , and only moder a te increase s  are expected in r ice 
produc t ion .  

Cotton acreage and product ion have fa llen i n  the Sou theast . 
Dur ing the ear ly 196 0 s  the amount of acreage u sed for cotton in th i s  

are a wa s abou t 2 .5 m i l l ion , o r  one-sixth of u . s . tota l .  In the ear ly 
197 0 s  it decl i ned to 1 .5 mi ll ion acre s ,  and wa s about 600 thou sand 
acre s , or one-twent ieth of the u . s .  tota l from 19 7 8  to 1980 . Cot ton 
product ion in the Sou theast fe l l  from abou t 2 mi l l ion ba le s ,  or 1 3  
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percent of the u. s. tota l ,  in  the ear ly 196 0 s  to about 1 . 3  million 
bales ,  or 10 percent , in the ear ly 19 70 s .  Be tween 1978 and 1980 i t  
dropped to 0 . 6  million ba le s ,  or 5 percent . 

Cotton production in  the Southeast has been dramatica lly 
re structured as  wel l .  In 19 6 0  some 80  to 90 percent of the cotton 
there was picked by hand . By 19 70 more than 9 5  percent was picked by 
machine . Cot ton produc t ion in the Sou theas t  has a relat ive ly h igh 
gro ss value of $20 0 to $400 per acre , which is h igher than soybeans 
( $150 per acre)  or cor n ( $200 per acre) . Cotton production costs in 
the Southeast , however , are a h igh $300 per acre . The average net 
land rent per acre of cotton i s  often not larger than the average net 
land rent for cor n and soybeans . Soybeans are less costly per acre 
and provide a more certain prof it . Cotton wi ll probably cont inue to 
be compet it ive with corn and soybeans i n  the Southeast and the De lta 
only on larger f i e lds  with bet ter soi l  or in t imes when the supply of 
cotton i s  r e lat ive ly shor t . 

The trend in the appl icat ion of insectic ides to cotton f ields i s  
downward . Cotton grower s now have a strong economic incentive to 
assess the s i ze of insect popu lat ions and the ir poten t ia l  damage 
before apply ing pestic ide s .  The use of scout i ng procedure s a l lows 
bene f icial ar thropods to control cot ton insec ts as long as possible 
be fore the appl ication of i nsectic ide s .  Increase s in the costs of 
insecticides and of apply ing them , r e lat ive to the costs of scouting 
and pest managemen t  consu ltant serv ice s ,  are leading to the adopt ion 
of d i f ferent techn ique s .  

THE ECOSYSTEM CONCEPT 

A growing awareness of the cot tonf ield as part of the ecosystem 
has begun to i nfluence cotton pest i nsec t control .  Although control 
programs are still  based pr imar i ly on insectic ide use ,  systems of 
pest management uti li z i ng other techn ique s have begun to be deve loped . 
The concept of integra ted crop management or agroecosystem management 
is emerg i ng .  The holi s t ic concept of ecosystems , which has become a 
dominant theme in  envi ronmenta l biology (Odum 19 7 1 ) , has also assumed 
importance i n  moder n agronomy (Todd 19 81) . The major precepts of 
hol i sm are the interconnect ion of d i f ferent par ts of an ecosystem , 
beyond the sum of the system ' s  par ts ,  and the exi stence of homeo­
static ( se lf-regula tory )  mechani sms .  

An agroeco system has been de f ined a s  •a  un i t  composed o f  the 
tota l complex of organi sms in a crop-produc ing area together wi th the 
overall condition i ng environment and as fur ther mod i f ied by var iou s 
agr i cultura l ,  industr i a l ,  recreationa l and soc ia l act iv i t ies of man •  
( Smi th and Reynold s 19 72) . Nu trient cycling proce sse s are alte red by 
the harve st ing of agroecosystems . They are also altered by consumer 
organ isms--insects , weed s ,  and other pests--w i thin the ecosystem , 
which are contro lled w i th pest ic ide s; by ti llage , which incorpora tes 
organic matter i nto the soi l ,  thus increa sing decomposition rates and 
hasten ing nu tr i ent re lea se from decomposing organic matter; and by 
the addi t ion of fert i l i zer  nutrient s ,  wh ich often cannot be stored 
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e f f ic ient ly by the system and are par t ly lost via leach ing . Although 
agr i cu ltur a l  manag ement causes large-scale changes in ag roecosystems , 
ecosystem-leve l proce sse s  continue to operate . 

The Cotton Agroecosystem 

Extens ive reviews of the cotton agroecosystem and its components 
have been publ i shed by Smi th and Reynolds ( 19 7 2 )  and Reynolds et a l .  
( 19 7 5 ) . The se rev iews d i scuss in  deta i l  the plant system , the 
complex of inver tebra te plant pests , soi ls ,  wa ter , fer t i l i zer , and 
wea ther that affects the plant system , and the var ious human influ­
ences.  

The cotton plant has undergone cons iderable art i f ic ial se lec­
tion . The va r ieties cur rently grown have been selected for f iber 
qual i ty a nd y ield , insect resi stance , fr u it ing charac ter i s t ic s ,  and 
other tra its which permi t ,  or may requ i re , changes in cultivat ion and 
management . Like many other agroecosystems , cotton f ie lds may con­
tai n  a var iety of weed spec ie s .  Weeds are cons idered undesirable 
because they compete w i th crop plants for sunl ight , water , and fer ­
t i li zer and may serve as  a lter nate host s for insec t pests . But weeds 
may also ser ve as  re fuges for predaceous and para s i t ic ar thropods of 
cotton plant pests (Altier i and Wh i tcomb 19 79 ) , and nu tr ient uptake 
by weeds may serve to retard nutr ient loss from the cotton ecosystem . 

The insec t complex of cotton f ield s  i s  a var ied one , inc lud ing 
not only pe·st spec ies a nd the ir  preda tor s but many other ar thropod 
spec ie s .  The presence o f  weeds i n  cotton f ields and in sur round ing 
vegeta t ion doubt less ha s a major inf luence on the number s of  a r thro­
pod spec ies in  the cotton f ie lds  and may susta in a des irable d iver ­
s i ty of a r thropod spec ies.  At tempts to manage consumer organisms , 
however ,  are a imed 

'
more frequently at  suppress i ng them than a t  

promot ing the ir predator s o r  para sites . 
FUture management pract ice may i nclude using inver tebrate s  a s  

regula tor s in  the decompos i t ion process,  although cur rent prac tice 
doe s not attach impor tance to the decomposi t ion process as a way of 
recyc l ing nutr ients . Nutr ients , and frequently wa ter , are provided 
by ar t i f icia l me thod s . Al though no-ti llage prac tices conserve soi l  
fer t i li ty ,  using them for cotton probably i s  not practical at  pr esent 
because of insect pests and d i sease problems . The most sign i f icant 
d i fference between the abiotic envi ronments of cotton and na tur a l  
ecosystems i s  the number and volume of synthet ic organic chemica ls-­
insectic ides , her bic ides , de foliants--added to cotton ecosystems . 
The var iety of cotton plants , the t iming of plant ing , and the density 
and s i ze of f ield s  are other human-controlled var iables.  The cotton 
ecosystem may be the most chemica lly altered of a l l  our agroeco­
systems . 

COTTON INSECTS 

Cotton field s  contain a surpr i sing ly var ied and complex popula­
t ion of  insect pests and entomophagous ( insec t-eating )  organi sms , 
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such as bird s ,  sma ll mamma l s ,  and other insec t s .  There is general 
agreement among entomolog i sts abou t the impor tance of entomophagous 
specie s for ma i ntaining optimum cotton product ion over the long term . 

Key Cotton Insect Pests 

Accordi ng to Reynold s et  a l .  ( 19 7 5 ) , there are a t  least one or 
two key pests of cotton wherever the crop i s  grown in the Uni ted 
State s . There i s  also a large ar ray of insec t  and spider mite 
species that are cons idered to be •occasiona l •  or •potential•  pests . 
Damag ing population s  of the occasional pests occur sporadically , some 
become problems only when the i r  natura l  enemies are e l imina ted by 
insec t ic ide s .  Adk i sson ( 19 7 3 )  l i sted the key pests in the three 
major cotton-produc ing reg ions i n  the Un i ted Sta tes as follows : 

• west : pink bollworm ( Pec t inophora gossypiella) , tobacco 
budworm (Hel ioth i s  v i r e scens ) , and plant bugs (Lygus spec ies) . 

• Sou thwe s t :  bol l  weev i l  (An thonomus grand i s) , fleahopper 
( Pseudatomosce lis  ser i a tus) , bollworm (Hel ioth i s  !!!) ,  and 
tobacco budworm . 

• De lta and Southeast : boll weev i l ,  plant bug ( Lygus l ineo­
lari s) , bol lworm , and tobacco budworm . 

There i s  a sma ll area in Ar i zona subject to bol l  weev i l infesta­
tion which is non-contiguou s to the ma in bo l l  weevi l  reg ion . In the 
last decade overwintered • stub• cot ton wh ich , in e f fect , leng thens 
the season , has provided great impe tus for th i s  d i splaced infestat ion 
to occur (Bergman et a l .  198 1 ) . 

The bo l l  weevi l i s  cons idered the key insect pest in the Miss i s­
s ipp i De lta de sp i te the cur rent situat ion , i n  wh ich the bollworm and 
the tobacco budworm create larger losse s .  Pr ior use of insect ic ides 
to con trol bol l  weevi ls accounts for the cur rent problems ( Parvin et 
al.  19 7 7 , Clower 19 80 ) . The tobacco budworm d id not become a ser ious 
pest unt i l  the syn thet ic organic pestic ide s were introduced in  the 
19 40s . Be tween 19 7 2  and 197 8 H .  virescens was the dominant spec ies 
of  He lioth i s  from August to OCtober in  the De lta . 

The widespr ead a l tera t ion of the cotton f ie ld environment by 
insectic ide s has also turned other minor pests i nto major problems.  
The cotton leaf per for a tor ( Buccu la tr i x  thur ber i llea ) populat ion has 
reached ser ious proport ions in  recent year s .  Wh i te fly ( Tr ia leurodes 
abu t i lonea ) was not a problem unt i l  damag ing populat ions deve loped i n  
the Red River va lley in  LOui s iana in  th e  late 196 0 s .  Wh i teflies now 
extend eastward as  far a s  Georg ia (Jones e t  a l .  19 7 6 ) . 

Beneficial  Ar th ropods 

In the absence of  insecticides , popu lat ions of  ar thropod preda­
tor s of cotton insec t pe sts norma l ly become large and d iver se . 
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Whi tcomb and Bell ( 19 6 4 )  found over 600 predaceou s spec ies of in­
sects , mite s ,  and spider s in  Ar kansas cotton f ield s .  Gonzalez et a l .  
( 197 7 )  reported tha t total predator populations are genera lly more 
abundant in Ca l i for nia than e lsewhere , which may be a result of the 
state ' s  numerou s a l fa lfa f ield s .  When the alfa lfa i s  cut about every 
30 days , vast number s of predator s are dr iven out a nd migra te to 
sur rounding f ie ld s .  van den Bosch and Hagen ( 1966 ) have publ i shed a 
deta i led l i st of the para s i t ic and predaceous spec ies more commonly 
found on cotton . 

The overa ll va lue of parasites i n  controlling cotton insec t 
pests i s  not known , in par t  becau se of the complex i ty of fauna l 
re lat ionshi ps . Attempts have been made to e stabl i sh b iolog ical 
control of the boll weevi l ,  pink bollworm , and lygus bugs by impor t­
ing exotic par a s i te s ,  but the se have had no measurable e f fect . In  
fact , some of the imported para s i te spec ies have fa i led even to 
become e stabli shed . No pathogens tha t are effect ive aga inst the boll 
weevi l have been reported . 

. . . 
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2 .  COTTON INSECT CONTROL 

H ISTORY OF INSECTIC IDE USE ON COTTON 

Be fore the boll weev i l  i nvaded the Un i ted S ta tes from Mexico i n  
about 189 2  ther e was re lat ive ly l i t t le damage t o  cotton by insect or 
sp ider mite pest s .  Ar sen ica l insec t ic ides--Par i s  green , LOndon 
purple , and lead and ca lc i um ar senates--were used to control occa­
s iona l outbreaks of the bollworm and the cotton leafworm (Alabama 
arg i l lacea ) . Nicoti ne su lfate dusts were somet imes employed to 
contro l  the cotton aph id (Aph i s  gossypi i )  ( Reynolds e t  a l .  197 5 ) . 

The cotton bo l l  weevi l ,  an invader almost devoid of natura l 
enemies , r apidly changed th i s  plac id scene . By 1909  i t wa s repor ted 
to be causing at least $200 mi llion in damage annua lly in the Un i ted 
States (Metcalf et a l .  196 2 ) , and by 1922  it had spread as far as the 
coastal reg ions of Nor th Carol ina and Virg inia . 

The hi story of insec t ic ide use on cot ton insect pests can be 
d ivided i nto four per iod s ,  each of wh ich i s  d i scussed below . 

The Ar sen ica l Per iod 

The f ir st insectic ide recommended for control of the bol l  weevi l  
was a spray u t i l i z i ng Par i s  Green , LOndon purple , or lead ar sena te in 
combina t ion wi th molasses (Townsend 189 5 ,  Ma ley 190 2 ) . The tech­
niques for formula t ing and apply ing the spray were inadequate , 
however , and i t  wa s not unt i l  19 2 3  tha t  Coad and McNe i l  ( 19 2 4 )  demon­
stra ted the e f fec t ive ness of applying und i lu ted calc i um ar senate dust 
by a i rplane in  controlling the boll weev i l . The e f fec t ivene ss of 
th i s  method for contro ll ing anothe r pest , the cot ton leafworm , had 
been demon strated the previous year . 

The success of dust ing w i th calcium ar sena te from a irplane s was 
repea ted ly demons trated in Georg ia and Texa s in the per iod 19 2 5- 19 27 
( Post 19 2 4 , Thomas et  a l .  19 29 ) , and aer i a l  dusting became the pr in­

c i pal  me thod of apply i ng insec t ic ides to cotton unt i l  the ear ly 
19 50 s .  The u se of ca lc ium a r senate ro se from about 3 million lbs . in  
1919 to approx ima te ly 15 million lbs . in  19 2 5 .  u. s .  production 
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reached 3 3  mi llion lbs . in 19 29 , 4 3  m i l l ion lbs . in 19 3 5 ,  and a 
maximum of 84 mill ion lbs . in 19 4 2 . The total amount of calc ium 
ar sena te applied to domestic cotton f ie ld s  from 1919 to 1948 ha s been 
est imated at  about 850 m i l l ion lbs . ( Shepard 19 5 1 ) . 

Thi s  vast amount of calc i um ar senate had substant ial e f fec ts on 
the pest fauna of cotton f ields and on the environment .  Calc i um 
ar senate wa s tox ic to the natura l ar thropod enemies of the cotton 
aph id  ( ladybird bee tle s ,  syrphi d  f lies , lacewing f l ies) , and as a 
result  the aphid became a ser iou s threa t ,  requ i r ing the add i t ion of 
n icot ine sulfa te to the arsenical dust . Annual product ion of n ico­
tine su lfate wa s about 1 million lbs . from 1938 to 1940 , most of it  
used domest ica lly on  cotton 1 consumption reached 1 , 460 , 000  lbs . in  
194 3 ( Shepard 19 51) . The bol lworm also became a sign if icant pest in 
thi s  era because of the destruct ion of its  natur a l  enemies by calc i um 
ar senate , but sat i sfactory control of th i s  pest was ma intained 
because bollworm larvae themselve s are fa ir ly susceptible to calc ium 
ar senate .  

Ca lc ium ar senate also had a n  impac t  on the natural  enemies of 
the cotton flea hopper and of lygus bug s ,  par t icula r ly in the South­
west and in newly i r r i ga ted a reas of the We st . Su lfur dusts were 
i ncorporated i nto control programs to deal  w i th these pests as  we ll 
a s  occas iona l outbreaks of  red spider mites (Te tranych idae ) ( Reynolds 
et  al .  19 7 5 ,  NRC 197 5 ) . Dur i ng the ar senical per iod most of the 
insec t ic ides were appl ied in boll weevi l- infested areas . 

The Organoch lor ine Pe r iod 

I n  1945  the organoch lor ine insec t ic ide DDT became ava i lable for 
dome st ic use . DDT brought about a revolut ion in cotton insect 
contro l .  I t  was a per s i stent contac t insec t ic ide , and i t  was o i l­
soluble and cou ld there fore be appl ied a s  a spray . Improved a i rcraft 
spray technology resu l ted in  low volume sprays that a lmost totally 
replaced dust appl ica t ion s .  Subsequently , benzene hexachlor ide (BHC) 
and toxaphe ne a l so became major cotton pest insect ic ide s ,  and they 
were fo llowed by aldr i n ,  d ieldr i n ,  endr i n , heptachlor , and DOD (TOE) . 
u. s. produc tion of DDT increased to 164 , 180 , 0 0 0  lbs . by 1960 , benzene 
hexach lor ide to 8 4 , 59 9 , 000 lbs . by 19 56 , and the a ldr in-toxaphene 
group to 90 , 67 1 , 000 lbs . by 1960 . Although sta t i s t ics are not ava i l­
able , from one-quarter to one-th ird of the organochlor ine insect i­
c ide s produced between 19 45  and 1960 wa s probably applied to u . s .  
cotton . The se insect ic ide s had two important qua l i t ie s :  ( 1 ) high 
initial  e f fect ivene ss aga inst a wide var i e ty of cotton pests 1 and (2 ) 
le ng thy per s i s te nce , which made i t  possible to con trol newly emerg i ng 
insects and insec ts migr a ting into treated areas . Spectacular 
increa se s in yields were obtai ned at  high prof i t  levels  for many 
year s (NRC 19 7 5 , Reynold s e t  al . 19 7 5 ) , and i t  appeared tha t comple te 
con trol over a r th ropod pests of cotton had been achieved . The use of 
the org anoch lor i ne insec tic ides also dec imated the parasi tes and 
preda tor s of cot ton pests , however , and often resu lted in an i ncrea se 
in r ed spider mite s .  Grave problems of environmental pollution a lso 
resu lted . 
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The Organophosphoru s  Per iod 

I n  1955  i t  wa s d i scovered tha t the bo l l  weevi l was beg inn ing to 
become re si stant to the organoch lor ine insect ic ide s .  The re su lt of 
th i s  d i scovery was a g radua l bu t substant ial sh i f t  to organophos­
phorus insec t ic ides--pa r a thion , me thy l  para th ion , a z i nphosme thy l ,  
ma la thion , and EPN . The se pestic ides were e f fect ive aga inst the boll 
weevi l a t  re lat ively lower rates than the organochlor ine insec t ic ides 
but were not e f fect ive in controlling the bollworm and the tobacco 
budworm , which achi eved the status of ma jor pests as the i r  natural 
par a s i tes and predator s were dec ima ted . To contro l a l l  of the ma jor 
pes t s ,  grower s then resorted to var iou s m ixtures of DDT, toxaphene , 
endr i n ,  methy l para thion , a z i nphosme thy l ,  ma lathion ,  and EPN . The se 
mixtures i n i t i a l ly provided con trol of aphids , fleahopper s ,  plant 
bugs , leaf- feed ing caterp i l lar s ,  and spider mites a s  we l l  as  bol l  
weevi l s ,  bollworms , and budworms .  Grower s demanded i nsec t ic ida l 
mixture s that would produce cotton f ields a lmost complete ly devoid of  
insects ( Reynolds e t  a l .  197 5 ,  NRC 1975 ) .  

By the ear ly 1960 s ,  however ,  the bol lworm and the tobacco budworm 
had a lso deve loped a h igh degree of resi stance to the organochlor ine 
insec t ic ides and the car bamate insec t icide , carbary l ( see Table 2 . 1 ) , 
and by the late 19 60s the tobacco budworm in the lower Rio Grande 
Va lley of Texas and nor theastern Mex ico deve loped resistance to the 
organopho sphorus insec t ic ides as wel l .  The use o f  me thyl parathion 
wa s i ncreased to 15 to 18 applicat ions per season , but yield losses 
continued and in some area s  the crop wa s a lmost tota l ly de stroyed . 
As a result of tobacco budworm resi stance , many producer s  were forced 
out of bu siness , and cotton product ion cea sed on about 700 , 0 00 acres 
(Adk i sson 1971) . 

The organophosphor u s-r e s i stant tobacco budworm then spread to 
LOu i s iana and Ar kansa s , and from there to the cotton sta te s of the 
Southe ast . Tobacco budworm resistance reached such a h igh leve l tha t 
i t  became v i rtua l ly impossible to con trol thi s  pest w i th any i nsect i­
c ide .  Meanwhi le ,  however ,  a side e f fec t of the greatly increased use 
of the organopho sphorus insec t ic ides was a dramat ic i ncrease in  the 
number of case s of human poi son ing from insec tic ides and the resur ­
ge nce of pests on o ther crops , such as c i tr u s ,  fol lowing spray dr i f t  
from cotton ( Adk i sson 19 71 ) . 

Then ,  in 19 7 3 , the u . s .  Env ironmental Protect ion Agency ( EPA) 
banned the use of DDT to con trol cotton pests . The EPA act ion was a 
mar ked change in  publ ic pol icy toward insec t control by chemica ls . 
DDT plus  toxaphene , often w i th me thyl pa r a th ion added , had provided 
sa t i sfactory contro l of the bol l  weevi l ,  the bo l lworm , the cotton 
f leahopper , and plant bug s in the cotton-produci ng areas ea st of 
Texa s ,  and the ban on DDT resulted in a shi ft to intens ive use of the 
organophosphorus insect icide s ,  often in combinat ion with toxaphene , 
somet imes with endr i n  or ch lord ime form ( Re ynolds e t  a l .  19 7 5 ) . 
None the less , insec t con trol had become ever more costly and ever less 
e f f i c ient ( Reynolds et  a l .  19 7 5 ,  NRC 19 7 5 ) . 
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TABLE 2 . 1  Measures of susceptibility and resistance of Heliothis boll­
worm and budworm to various insecticides . The LDso , measured 
in micrograms per gram larval weiqht , was determined 48 hours 
after topical application to 4th instar larva . 

LDso 

8uac!ptibl! lt!ahtant 
DD'1' 

� vireac:ena 132 ( 1961-Floricla) 1::1 16 , 123 (1962-T!Xaa) b 

16 , 510 (1965-TU&a ) b  

� !!!. 26 (1961>-Tuaa) 4 5 , 680 (1962-Tuaal c 

28 (1959-Tuaa) d 14 , 150 (1962-Tuaa) c 

30 (1962-T!X&a) c 

Bndrin 

� vireacena 26 (197o-Peru) i 3 , 980 (197o-coloabial i 

34 (197o-M!xLco) i 12 , 940 (1965-Tuaa) 9  
58 ( 1961-Tuaa) b 

� !!!. 12 (196o-Tuaa l 4  130 ( 1965-Tuaa ) 9  

20 ( 1962-Tuaa) c 530 (197 o-Nicaraqua) i 

2 3  (197o-Hiaaiaaippi ) 

Methyl parathion 

� vireacena 0. 53 (1977-Georqial • 2 , 110 (197o-Tuaa) i 

0. 57 (197o-Perul i 3 , 580 (1969-M!xicol i 

2 . 2  (1969-Miaaiaaippi ) i  

.!!.:.. !!!. 2 . 2  (197 0-Tuaa) i 150 (197o-M!xico ) i 

180 (197 o-Nicaraqua) i 

310 (197o-Gu&t.D&la) i 

CArbaryl 

� vireacena 304 (1961-Tuaa) b  54 , 570 (1965-Tuaa) 9 

� !!!. 110 (1972-T!X&a) C 540 (1965-Tuaa) 9 

Par.ethrin 

� vireacena 0 . 097 (1974-Tuaa) f 1 . 64 (1977-Arizona) • 

0 . 12 (1977-Geor!Ji&l • 3 . 13 (1976-Tuaa) h 

0 . 28 (1 978-Arizonal • 5 . 4  (1 974-T!X&a) f 

0 . 29 (1976-T!X&a) h 

� !!!. 0 . 47 (1976-Geor!Ji&) f 1 . 1  (1974-T!X&a) f 

•u1 et a1 .  (197 7 )  daraaael et al . (1961) 9Reynolda et &1. (197 5 )  
baruael ( 1 96 3 )  •Crowder e t  al . (1979) hwolfenbarqer et al . (197 7 1  
caraaael (1964 1  fo.via e t  &1 .  (1975) iwolfenbarqer et al . ( 1 97 3 )  
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The Cur rent Per iod 

The s i tua t ion dur i ng the past f ive yea r s  ha s been one of g rowing 
awarene ss tha t ,  as one au thor puts i t ,  the ent i re Cot ton Belt ha s 
been on an • i nsec t ic ide treadm i l l •  (Van den Bosch 1978 ) . Although 
synthe tic pyre th roids capable of contro l l i ng the tobacco budworm 
appeared in 1978 , there have been o ther less posi t ive deve lopment s .  
In 197 6  chlordime form wa s wi thdrawn from act ive u se becau se of i t s  
carc inogen ic prope r t ies . I n  1978 i t  wa s once again  perm i t ted t o  be 
used , but on ly under very strict cond i t ion s .  In 1980 a ban wa s 
placed by EPA on the use of endr i n  east of the Mi ssi ssippi River 
becau se of that chemica l ' s  very h igh toxic i ty to f i sh and other 
aquat ic org an i sms . At the pre sent t ime some 3 3 insec t ic ide s and 
aca ricides are regular ly used to control cotton insec t pest s ,  and 
another four , i nc luding the chi t i n  synthe s i s  i nh i bi tor , d i fluben­
z uron , have rece ived cond itiona l reg i str a t ion from EPA for spec i f ic 
uses ( USDA 19 7 9 ) . 

OVerall  Chemical use 

I t  has been e st imated several t imes that from 40 to SO percent 
of all  crop insect ic ides in  the Un i ted S ta tes have been used to 
con trol cotton insect pe sts ( Pimente l 197 3 ;  USDA 196 5 ,  19 70 , 197 4 ,  
19 7 8 ) . I n  197 1 ,  for example , 7 3 . 4  m i l l ion pounds of act ive insec t i­
c ide i ng red ients were appl ied to 7 . 5  m i l l ion acres of cotton . Thi s  
was equ ivalent to 9 . 8  pounds o f  act ive ingred ients per acre . In  
197 6 ,  64 . 1  mi llion pounds were applied to 7 . 0  m i l l ion acre s .  Th i s  
was the equ ivalent of 9 . 2  pounds per acre (USDA 19 7 9 ) . Thi s  use wa s 
a l so approx imate ly 40 percent of the 16 2 m i l l ion pounds of the act i ve 
insectic ide ingredients u sed by all  u . s .  farmer s tha t year . 

Usi ng 4 0  percen t  as  an average f igure , one resea rcher has ca lcu­
lated that about 2 . 3 b i l l ion pounds of act ive insect ic ide i ngred ients 
have been applied to the u . s . cotton crop since 1950 . Tha t  i s  an 
average of more than 200 lbs . per acre (Metca lf 1980 ) . 

The e st imated quan t i t ies of insec t ic ides appl ied to cotton over 
the per iod 1964- 19 76 are summar i zed in Table 2 . 2 .  The table also 
shows how insect ic ida l con trol of cotton insect pests has changed 
since accur a te records became ava i lable in 1964 . Control effor t s  
si nce then have been mar ked by a steadi ly i ncreasing proliferation in  
the number of insec t icides used and substan t ia l  changes in  quanti­
t ie s .  From 196 4  to 197 6  the tota l amount of organochlor ine insecti­
c ide s decreased by ha lf and the use of DDT came to an end , wh i le 
toxaphene rema ined in  large-sca le use . Dur i ng tha t same per iod the 
use of organophosphor u s  insect ic ides has approx imately doubled , w i th 
me thy l para thion becomi ng dominant and EPN very wide ly used . 

RES ISTANCE OF COTTON PESTS TO INSECTIC IDES 

The appl icat ion of insec t ic ide s to cotton has demonstrated 
clear ly tha t  natur a l  se lect ion of resi stant stra ins of cotton insec t 
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TABLE 2 . 2  Use of insecticides on cotton in the United States , 1964-1976 . 

Aethe iDtp'.Uent (pounda a 1000) AI:M ttMted (acrea a 1000) 

1Daectici4e 1964 1166 1971 1976 1964 1166 1911 1976 

x-qllllic 

calcila u-ta 2 , 518 69 57 23 

OE'ganic 

I .  Ol'oallocblori.JIH 55, 778 49, 703 42 , 619 n , a77 14 , 252 10 , 1 57 6, 130 3 , 762 
al4dD 17 U3 16 . 161 
cloccl.ule 3 6 
cor 2 3 , 558 19 , 213 13 , 158 6 , 901 4 , 767 2 , 383 
DOD (on.) 191 167 61 JJ 
41el4dn 11 65 36 174 
eadoalllfan 61 677 56 325 
ell4l'iD 1 , 865 510 1 , 068  311 1 , 194 403 262 325 
lia4ane 540 163 636 298 
Mt��oxychloc 6 6 
auobulll 2 , 016 U6 225 18 

� 26 , 915 27 , 345 Z8, 1U 26 , 289 5 , 016 1 , 881  l , Z7 5  3 , 112 
otbec 2 , 660  IS 428 285 

I I .  �5!!!!tU 15 , 196 13 , 624 29 , 376 30, 980 10, 237 7 , 865 11, 427 12, 824 
aainpbo-t!lyl 250 zoo 288 229 641 aaa 119 
bUrin 1 , 857 778 251 1 , 416 1 , 7 97 l78 
�tCIII 47 ua 658 
41aa1ACIII 36 51 
diMtJ»ate 87 237 
41111&lfotoD .$65 300 au 1 , 819 619 473 553 \ , 400 
... 6 , 140 1 , 496 
et!l� 73 6 26 lO 
Mlath.loo 1 , 811 559 670 43 au 245 273 55 
Mthyl puatbion 8 , 760 7 , 279 22 , 988 19, 981 5 , 420 3 , 577 6 , 384 6, 166 -rotapl»a 1 , 487 1 , 494 
puathiOD 1 ,636 2 , 181 2 , 560  680 7 51 860 682 561 
pborate 10 100 158 35 182 115 ttichlocfon 963 144 5U 191 otbK 2 , 117 au 1 , 617 69 a , a36 534 1 , 216 au 

I I I .  (iMt.a.atea 4 , 524 1 , 571 1 , 291 1 , 445 1 , 002 415 294 1 , 137 aldicub 470 171 
cal'buy1 4 , 510 1 , 571 1 , 214 l85 177 
Mtt..yl 40 590 84 789 otbK QC9Uic 6 a 102 24 

IV .  IUacellaMou 
bot&D1cala-biolof1c:ala a 8 
ohloniMfonl 4 , 437 Z , 9U 

�tal iDaecUcide ...... . 78 , 02 2  64 , 900 7 3 , 357 64, 139 

SOURCE : Data from USDA Aqricu1tura1 Economic Report No .  131 (1965 ) 1 No . 179 
(1970 j ; No .  252 (1974 ) ; No .  418 (1978 ) ; and NRC (1975 ) .  
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pests can occur rapidly . It ha s also been demonstrated tha t se lec­
t ion can cont inue in a s ing le spec ies of pest so that it becomes 
resi stant to severa l ,  often unrelated , insec t ic ide s .  Since 19 4 7 , a s  
shown in  Table 2 . 3 ,  a t  least 2 1  spec ies of cotton i nsects and m i tes 
have developed re s i stance to one or more insec t ic ide s .  Of the 2 1  
pr i nc ipa l r e s i stant spec ie s ,  14 a r e  r e s i stant t o  at  least two g roups 
of insect icide s ,  6 are resi stant to at least three groups , 5 ( includ­
ing the bollworm , the tobacco budworm , the cotton lea f per fora tor , 
the cabbage looper , and the bee t armyworm) are resi stant to four 
groups , and 1 ,  the tobacco budworm , i s  resistant to a ll f ive groups . 
Spec ies res i stant to some insec t ic ide s occur in  loca li zed areas of 
a l l  the cotton-produc ing states ( USDA 19 7 9 ) . 

The boll weevi l ha s shown resi s tance to some insec t ic ide s i n  10 
of the 11 state s where it occur s .  DDT resi stance deve loped in the 
boll weevi l in 19 54 in LOu i siana and Mi ssiss ippi ( Rousse l  and Clower 
19 55) , and the resi stant str a i n  of insect subsequent ly spread rapid­
ly . By 1960 , a l l  area s of the South and the Sou theast infe sted by 
the boll weev i l  had repor ted the deve lopment of organoch lor i ne­
resi stan t weevi l s  ( Brazzel 19 61) . 

Bollworms and tobacco budworms have shown r e s i s tance to insec t i­
c ide s i n  a l l  12 of the ma j or cotton-growing state s .  As shown in 
Table 2 . 1 , the bollworm and par t icular ly the tobacco budworm have 
deve loped eno�usly h igh resistance to DDT , endr i n ,  methyl pa ra­
th ion ,  and carbary l ,  as we ll as  to toxaphene-DDT mixtur e s .  

Ra ther surpr i s i ng ly ,  a s  of 1968 n o  cotton pest had been shown to 
have acqu ired resistance to calc i um ar senate desp i te 25  yea r s  of 
heavy appl icat ion ( Newsome and Bra z ze l  1968 ) . Th i s ,  howeve r ,  may 
have been because sc ient i f ic techn ique s for the study of resi stance 
were not we ll-deve loped unt i l  after the introduct ion of the organo­
ch lor i ne insec t ic ides ,  and a lso because r e s i stance to insoluble 
stomach poisons like ca lc i um ar sena te is very d i f f icult to measur e .  

I f  any th i ng , cotton insect pests appear to be deve loping r e s i s­
tance to new insec t ic ide s even fa ster than before . TWO synthet ic 
pyr e th roids deve loped to contro l cotton insect pests , fenvalera te and 
perme th r in ,  were g iven cond i t iona l reg i strat ion by EPA in 19 7 9 .  Yet ,  
a s  Table 2 . 1  shows , there i s  a lready evidence tha t the tobacco bud­
worm ha s deve loped re si stance to perme thr i n .  

The h i story of chemical control o f  cot ton i nsect pests dur i ng 
thi s  century sugge sts that i t s  future i s  doubt fu l .  Cotton insec t 
pests--pa r t icular ly the var ious worms tha t feed on the leave s and 
bolls of the cotton plant--have shown resi stance to insecticides in 
the r e st of the wor ld a s  we l l ,  and control is now obta ined in some 
ca se s  only by as  many a s  SO  appl icat ions of insecticide per year . I n  
Egypt , for example , more than 8 1 1  m i ll ion pound s of act ive insec t i ­
c ide i ngredients were appl ied t o  cotton be tween 19 61 and 197 5 ,  pr i­
mar i ly to control bollworms and lea fworm s .  The leafworm , however , 
exhibited re s i stance to v i r tua lly every ava i lable insec t ic ide , and in 
19 7 7  it wa s repor ted tha t no new insec t ic ide used i n  Egypt had re­
ma ined e f fect ive for more than 2 to 4 yea r s  ( El-Sebae 19 7 7 ) . 
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TABLE 2 . 3 Multiple insecticide resistance in insect and mite pests of cotton in the 
United States . 
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28 
Holi stic Pest Control and Pestic ide use 

The tobacco budworm , He lioth i s  virescens , and the cotton boll­
worm , Hel ioth i s  !!! ' have e ffect ive na tural  enemies , and as  a result 
they are genera lly under adequate contro l  over much of the Cot ton 
Belt . The deve lopment o f  rel iable technique s to assess the degree of 
biolog ical contro l  will make it possible to include entomophagou s 
speci e s  in pest con trol plans (Hartstack et a l .  19 7 5 ) . 

The deve lopment of a strategy to pre serve intac t  the par a s i te 
and predator species tha t he lp to suppress He lioth i s  i s  a key to 
successf u l  pest management . Mea sure s to control the boll weev i l  must 
be care fully refined , s i nce the bene f icial  spec ies holding He lioth i s  
in  check can b e  d i srupted by chemica l control measure s a imed a t  the 
boll weevi l .  I f  a favorable ecolog ica l ba lance tend ing to suppress 
the He l ioth i s  complex is destroyed by the applicat ion o f  insect icides 
for the boll weevi l ,  there is usua lly no alternat ive but to cont inue 
apply ing insectic ide unt i l  the crop is mature . Such a stra tegy i s  
both very expensive and ecolog ically unsound . Far more than half of 
the cotton losse s a scr i bed to insec ts and mites may be attr ibutable 
to the He lioth i s  complex ( DeBord 197 7 ) . The crop losse s and the 
increased costs of produc tion caused by Hel ioth i s ,  and the concomi­
tan t  load of insect ic ide in the environment ,  are enormou s .  

Care ful management o f  boll weevi l contro l programs can reduce 
the insect icide load , and ca reful t iming of insect icide appl icat ions 
can avo id the destr uct ion of the bene f icial insects tha t contro l  
He lioth i s .  Wha t thi s  means i s  using insec t icides toward the end of 
the growing season to minim i ze the number of bol l  weevi l adults 
leaving cotton f i e ld s  to overwinter (d iapause con trol) . This reduces 
the boll weevi l popu lat ion in  the following growing season to the 
extent tha t insect icide con trol of the weevi l i s  not needed unt i l  
late in  the growing season a f ter Hel ioth i s  i s  no longer a problem . 
Va r iou s mod i f ica t ions of the d i apau se supress ion program have been 
used e f fective ly i n  cer tain areas  of  the Cot ton Be lt since 19 6 4  
(Cross 19 7 3 ) . 

Entomolog i sts do not antic ipate tha t boll weevi l managemen t or 
erad ication programs wou ld remove Helioth i s  as a sign i f icant cotton 
pe st . In the sou theaster n s tates par t icular ly , cont inu ing problems 
w i th He lioth i s  can be antic ipa ted . Other plant s ,  such as cor n ,  wi l l  
suppor t He l ioth i s  popu la t ions a t  leve ls su f f iciently h igh t o  prevent 
bene f ic i a l  insects from keepi ng them be low the leve l a t  wh ich they 
can cause ser ious economic loss . In cer t a in yea r s  th i s  could occur 
in most product ion areas as is the ca se w i th secondary pe st s .  In­
season appl icat ions of  insecticides keep cer tain other pest spec ies , 
such a s  the plant bug s ,  be low damag ing leve l s .  

RECENT DEVELOPMENTS IN COTTON INSECT CONTROL 

Plant Breedi ng and Cu ltural Management of  Cotton 

Cotton cult ivar s from the Un i ted States are the ma in var i e t ies  
grown i n  many countrie s .  Much progress has  been made in  developi ng 
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cult ivar s tha t cons i stent ly ach ieve h igh y ie lds  under good management 
( Br i dge et  a l .  19 7 1 ) . 

Some h igh-yi elding cotton var ieties have the abi l i ty to adapt to 
env ironmenta l stress , i nc ludi ng substant ial  insect damage .  The 
tra i ts tha t  provide such resilience have been d i scovered in  r a re and 
i solated type s of  cotton and u t i l i zed to confer host plant resi stance 
(HPR) aga inst the major cotton insect pests , inc lud ing the boll 

weevi l ,  bollworm , tobacco budworm , pink bollworm , and Lygu s speci e s .  
The deve lopment of host plant resi stance i s  approached from a hol i s­
tic viewpoint , i . e . , reduc ing the overa l l  vulnerabi lity of the cotton 
plant to the ent ire insect complex . 

The tra i t s  des i red for breed ing strains of cotton tha t  are 
re si stant to insects are generally found in  otherwise poor ly adapted 
cult ivar s or i n  w i ld r e lat ive s of cult ivated cotton . As a resu l t , 
cer tain adver se e f fects also occur when tra it s  that improve r e s i s­
tance are tran sfer red into wel l-adapted cultiva r s .  These agronomi­
cally i nfer ior but re s i stant stra ins of  cotton are useful only under 
severe or ch ronic i nfestat ions when resi stance i s  more important than 
yield potent ial . cultivar s w i th a spec i f ied character i st ic that 
improve s re s i stance often do not yield a s  wel l  a s  nonresi stant cult i­
var s i n  the absence of the pest spec ies . In  order for any HPR tra i t  
to be va luable , the long-term average protect ion afforded by the 
character i stic must be greater than the mean y ie ld reduct ion due to 
the negat ive e f fects of breed i ng . 

care fu lly des igned exper iments have g iven i nd icat ions of the 
reduct ion in  insect damage tha t  var ious tra i t s  can provide , s i ngly or 
i n  combinat ion . I t  does not appear possible to calculate the e f fects 
d i rectly , however ,  because the interact ions among pe st-resi stant 
plants ,  the i nsec ts themse lves ,  and bene f ic ial species are too 
complex . 

On ly insect-r e s i stant cultivar s tha t provide y ie lds comparable 
to those of  standard cu lt ivar s in a pest- free environment gain 
commerc ial acceptance . Af ter two decades of increasing ly intensive 
efforts to deve lop host plant resi stant cult ivar s of cotton , only a 
few are genera l ly accepted . They i nc lude Stonevi lle 825 , Coker 413 , 
and Tamcot SP-2 1S . Each of these i ncorporates a sing le tra i t  that 
g ive s measurable protect ion aga inst He lioth i s .  The absence of 
nectary gland s ,  necta r i le ssness , in Stonevi lle 8 2 5  provides some 
add i t iona l protect ion aga inst plant bugs . 

Cotton hybr ids may offer new oppor tun ities for improvi ng cotton 
cult ivar s .  It may be more feasible to make an F1 hybr id from a 
resi stant parent and a h i gh-yielding parent than to try to combine 
re si stance and agronomic per formance in  a s i ng le pure l ine (Mi lam et  
al.  198 0 ) . Davi s ( 19 7 9 )  repor ted tha t  certa in inter spec i f ic hybr ids 
have s ign i f icantly higher y ie ld than the standard commerc ial var i e­
tie s .  Thu s ,  i t  may be possi ble to breed insec t-res i stant hybr ids 
that are a lso h igh-y ield i ng . Pr e l iminary data ind icate the possibi l­
i ty of  combining h igh yield and h igh bollworm resi stance in  an inter­
speci f ic hybrid  of cotton (Ca ll and Weaver 19 80 ) , and other types of 
resistant hybr id s are be i ng sought . 
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Breed i ng Strateg ies for Ho s t  Plant Resi stance (HPR) 

As used her e , the word •ambiva lent •  re fer s to a tra i t  or charac­
teri stic tha t  i ncrea se s  a plant ' s  resistance to one insec t spec ies 
but increases  i ts vulnerabi l i ty to another . Most of the known r e s i s­
tance characte r i st ics in the var ious k inds of  cotton are ambivalent . 
Accord ing to Luke fahr ( 19 7 7 ) , red plant color i s  the only major HPR 
tra i t  tha t  shows no ambivalence . Because of  ambivalence , breeder s 
of ten seek combinat ions of HPR tr a i t s ,  a goal called compensated 
amb iva lence . Amb iva lence does not have to be compensated for i f  the 
insect spec ies to which vulnerab i l i ty i s  increa sed is not a ser ious 
pest in a part icular region , but there is always the possibi l i ty tha t  
a species that does no harm t o  norma l cot ton may a ttack mod i f ied 
cotton ( Mur ray et a l .  196 5 ) . Fu r thermore , natura l  select ion among 
cotton insect pests may negate host plant resi stance . I t  took many 
year s for most biolog i st s  to rea l i z e  the ecolog ica l impac t o f  insec­
ticides, and i t  may take a simi lar per iod of t ime to obser ve the full 
e f fects of wide spread use of  HPR var ieties of  cotton.  

A par t icular ly e f fec t ive techn ique for growing cotton i s  to 
inter sper se a few rows of a suscept ible s tr a i n  at wide interva l s  in a 
f ie ld pr imar i ly planted in an HPR str a i n .  The targ e t  insect pest 
tends to avoid the HPR plants and concentrate on the suscepti ble 
plants ,  which can then be treated with insectic ide . Th i s  is called 
• trap croppi ng , •  and a number of ways in wh ich it can be used to 
manage weev i l popu la t ions have been de scr i bed ( Namken et a l .  19 81 ; 
Jone s e t  a l .  197 8a , 19 7 8b) . 

Shor t-Season var ieties of Cotton 

Re searcher s in Texas have deve loped a techn ique for avoid ing 
boll weevi l damage by u t i l i z i ng shor t-season var ieties of cotton . 
The l i fe span of  the boll weevi l in sou ther n  Texas i s  such tha t 
cotton will  e scape damage from the f ir s t  generat ion of bo l l  weevi ls 
to emerge each growing season if overwintered popu lat ions are less 
than 22 weevi l s  per acre . Newly deve loped shor t-season strains set 
fr u i t rapidly and reduce the amount of crop damage from the second 
generation of weev i l s  tha t  deve lop later in tha t growing season 
(Wa lker and Ni les 19 7 1 ) . 

In one exper imen t ,  two appl ica tions of i nsec tic ide at  an ear ly 
flowe r i ng stage i n  cotton (pinhead square stag e)  reduced boll weevi l  
popu la tion leve ls  below the economic thre shold for 5 9  days , a l lowi ng 
most of  the cot ton bolls to ma ture . use of the shor t-season tech­
n ique has reduced in-season insec tic ide appl icat ions by half and has 
avoided la te-season i ncrea se s in tobacco budworm populations ( Hei lman 
e t  a l .  19 7 7 ) . Th i s  ear ly appl icat ion of  insect ic ides does temporar­
i ly d i s r upt the suppress ion of  Helio th i s ,  and a s  a resu lt  damage to 
pinhead square s by He lioth i s  may r i se to 2 5  percent or more . Bu t 
heavy damage can be endured a t  the ear ly squar ing stage , and i f  no 
more i nsect ic ide i s  used the natura l  enemies of He l ioth i s  w i l l  
recover i n  t ime t o  protec t the crop th rough the ma i n  fr u iting pe r iod 
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(WAlker e t  a l .  19 78 ) . Since the size of the boll weev i l  popu lat ion 
is r e la ted to the number of genera t ions in a g rowing sea son , the 
elimination o f  a si ng le generat ion can greatly reduce economic loss 
and the need for add i t iona l control measure s .  

Namken et  a l .  ( 19 8 1 )  point out the supe r ior i ty of the ear ly 
blooming rate of cer tain new cult ivar s over the standard full season 
cult iva r , Stonev i lle 213 . They show tha t a h igher number of blooms 
per acre in the f ir st 20 days of blooming lead to sign i f icantly 
ear lier matur i ty and , i n  some case s ,  h igher y ie ld s . 

FOr full-season var ieties  the dur a t ion of the f r u i t i ng per iod 
var ie s  and i s  norma l ly terminated by low temperatures in the fall  
(G ipson and Joham 1968a , 1968b ) . Thi s  means that in yea r s  with long 
warm fal l  seasons the use of the shor t-season var ieties involve s a 
deliber a te sacr i f ice of y ie ld (Fi sher and cannon 1981 ) . Reduced 
yield , however , ha s proven to be an acceptable tradeoff for reduced 
vulnerabi l i ty to insect attack in par t s  of Texa s .  Shor t-season 
cult iva r s  also reduce the costs of water , labor , and mach inery , and 
the savi ngs in insectic ide costs may be h igh ly s ign i f icant when the 
shor t-season techn ique i s  coupled w i th careful selection and timing 
in the u se of insec t ic ides (Wa lker et  a l .  1978 ) . 

Host Plant Resi stance Aga inst the Boll Weevi l  

Reduced ovipos i t ion (egg- layi ng ) by the bo l l  weevi l  has been 
found in a numbe r  of s trains of cotton . 

Frego Bract . In the 1960 s a large number of trials demonstra ted 
tha t  the mod i f ied bract type cal led frego bract was attacked much 
less severe ly by boll weevi ls than normal cotton (Jones et  a l .  19 77 ) . 
The boll weevi l populat ion s in  frego brac t  f ields were one thi rd as  
larg e as  the popu lat ions in  cot ton f ie lds o f  other types when no 
d i apause program wa s appl ied to e i ther the frego or non- frego field s  
and in-season treatment s  for weevi ls were applied as  needed (Jenkins 
and Par rott 19 71 ) . we ev i l  suppression through the use of  frego was 
var i able , depend ing in par t  on the s i ze of overwinter i ng populations 
and on  in-sea son and d i apause insecticide applications . Insectic ide 
was not needed in frego fields unt i l  4 week s  after non-frego f ields 
rece ived the i r  f ir st treatment . The resi stance shown by frego bract 
cotton may there fore make it possible to postpone i nsec t ic ide appl i­
cation s  tha t would o therwi se d i s r upt the beneficial  species wh ich 
hold Hel ioth i s  i n  check . 

Four small test plant i ng s  of paired frego and non-frego cotton 
showed that the boll weevi l popu lations on the frego were between 66 
and 94 percent less than on the non-frego cotton . Resi stance was 
attributed to the • upsetting of  normal patterns of  behavior • in the 
weev i l .  I f  natur a l  select ion then resulted in a l tered weevi ls wh ich 
prefer red frego , norma l var iet ies might then show some resi stance 
(Jenkins and Par rott 19 7 1 ) . 

The structure of frego brac t cotton a l lows a much larg er amount 
of insectic ide to pene trate to the flower bud . There was sign i f i­
cantly h igher mor ta l i ty of boll weev i ls on frego than on non-frego 
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cotton when both wer e  sprayed with a z i nphosme thyl ( Par rott e t  a l .  
19 7 3 ) . 

Frego bract var ieties , however ,  have not yet become commerc ia lly 
feasible because of  the ex treme suscepti b i l i ty of frego bract var ie­
t ies to plant bugs . Damage to frego brac t stra ins from plant bugs 
( Lygus speci e s )  may be a s  much as twice a s  great a s  damage to norma l 
bract str a ins (Jones 19 7 2 ) , and for th i s  reason Mer ed i th ( 1980 ) 
proj ect s  tha t commerc i a l  u se of frego brac t  var ieties will  not occur 
in the 19 80s . J .  E. Jone s ( Lou i s iana S ta te Un iver s i ty ,  Ba ton Rouge , 
per sona l commun ica t ion , 19 81 )  i s  conf ident , however ,  that the suscep­
t ibi l i ty of frego bract to plant bugs can eventually be overcome by 
combining frego wi th a compensating tra i t , such as necta r i lessness 
tha t  confer s some resi stance to Lygus . 

Red Plant Color . There are two HPR stra ins w i th red color tha t  
e xh i b i t  a valuable weevi l-r e s i stant tra i t .  A gene tha t imparts 
intense red color ( Rl) to  the ent ir e plant e l icits as  strong 3 
negat ive react ion from the boll weevi l a s  frego bract (Jones e t  a l .  
19 78a ,  19 78b) but g ive s a lower y i e ld than a red stem ( R2 ) type . 
Cot ton plants wi th the red stem tra i t  are compe t i t ive in yield w i th 
the ir norma l green counterpa r t s  under a l l  but the most favorable 
cond i t ions (Jone s e t  a l .  19 7 7 ) . 

Host Plant Re sistance Aga inst Other Key Pests 

Nectar i lessnes s . A tra i t  tha t  make s cotton partially resi stant 
to attack from both Lygus and Hel ioth i s  became ava i lable when the 
gene t i c  factor s causing the absence of leaf , bract , and involucr a! 
nectary g lands were bred into upland cotton from the w i ld spec ies � 
tomentosum . The tra i t  i s  con trol led by two unlinked recess ive gene s 
(Meyer and Meyer 19 61)  and poses no great d i f f iculty in breed ing . 

Nectar i less type s have been backcrossed into three major var ie­
t ies and had no s ign i f icant e f fec ts on y i e ld or f iber proper t ies 
(Me red i th e t  a l .  19 7 3 ) . Sign i f icantly reduced Lygu s populations have 
been repor ted on nectar i less var i e t ies ( Schuster and Maxwel l  19 7 4 ) . 

Gene t ic mod i f icat ion of norma l cotton into necta r i le ss cotton 
has a lso been repor ted to result in reduced bollworm egg-lay ing by 
severa l  invest igator s (Davi s et a l .  19 7 3 ,  Lukefahr et al . 196 5 ,  
Schuster and Maxwe l l  19 7 4 ) . Th i s  reduc t ion may be c lose to 5 0  per­
cent , bu t there was high var iabi l i ty between tr ials ( Schuste r  and 
Maxwell 19 74 , Davis  et a l .  19 7 3 ) . Par t  of the var i abi l i ty may be due 
to the fac t tha t nec tar i le ssne ss also suppresses popu lat ion s of 
bene f icial  i nsec ts that attack the bol lworm ( Schuster and Maxwe l l  
19 74 7 J .  Elli ngton , New Mexico State Un iver s i ty ,  La s  Cr uce s ,  unpub­
l i shed per sona l communicat ion , 19 81 ) . 

Le a f  Smoothne s s .  Another modi f ica tion tha t sign i f icantly 

af fects He l ioth i s  behavior i s  leaf smoothness . Th i s  tra i t  has been 

tran sfer red into upland cotton from the w i ld � armou r ianum (Meyer 
19 57 ) . The genes r e spons ible for the tra i t  have also been found in 
Cen tr a l  Amer ican •dooryard•  accession s ,  and in a commerc ia l var iety 
of Amer ican upland cotton ( Lee 19 7 1 ) . Combinat ions of two or more of 
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the gene s that account for smoothne ss can produce g labrous or • super 
smooth • cot ton . 

The smooth-lea f character i st ic i s  h i gh ly ambiva lent , however . 
Glabrousnes s  gave cotton plants (except for North carolina smooth ) 
resistance to Hel ioth i s , the cotton f leahopper , and the pink boll­
worm , bu t resu lted i n  greater number s  of  cabbage looper s and leaf­
hopper s (Lukefahr 1977 ) . The tarni shed plant bug ( Lygus lineolar i s )  
caused a sign i f icantly greater reduct ion in the number of flower buds 
and in the l int yield of smooth leaf cotton as compared to pube scent 
cottons (Mered i th and Schuster 19 79 ) . Jones et a l .  ( 19 7 7 )  conf irmed 
the i ncreased suscept ibi l i ty of smooth-leaf types to plant bugs and 
leafhopper s .  The pr ima ry va lue of leaf smoothness i s  the protect ion 
i t  provides aga inst He lioth i s .  

Sign i f icantly fewer He l ioth i s  eggs were la id on Deltapine smooth 
lea f cotton than on norma lly pubescen t  Stonevi lle 2 13 . The suppres­
s ion e f fect of smoothness on bollworm egg- laying is conf irmed by 
Lukefahr et a l .  ( 196 5 ) . 

Crossing g labrous and frego bract cotton w i th okra-leaf cotton 
partially reduced the ir  su sceptibi l i ty to plant bug s (Jone s e t  a l .  
19 78a ) . Ok ra leaf counter s potent ial plant bug damage by enhanc ing 
the fru i t i ng rate . High res i stance to wh i te f ly was also assoc iated 
w i th okra leaf and super okra lea f .  Near-glabrousness gave a mod­
erate degree of resistance (Jones et a l .  19 76 ) . 

The smooth- lea f types (except for sm3 ) have been repor ted to 
have a low percentage of  lint  and erratic yield (Mered i th 19 80 ) . 
Glabrous i sol ines were s l igh t ly lower in y ie ld and s igni f icantly 
later i n  reach i ng ma tu r i ty than the ir ha iry counterpa r t s .  The late­
ness o f  the se g labrous types wa s assoc iated wi th suscept ibi l i ty to an 
•ear ly season pe s t  complex •  involvi ng plant bug s and leafhopper s 
(Jones e t  a l .  19 7 7 ) . 

High Gossypol .  There are natur a l ly occur r i ng plant pigmen ts in  
cotton , notably gossypol , tha t  are tox ic to  some insects a t  h igh 
concentra t ions ( Lukefahr and Mar t in 1966) . The gene tha t results in  
h igh concentrations of flor a l  bud gossypol confer s resi stance to 
He lioth i s  and Lygus and may suppr e ss leafhopper s ,  bu t i t  ha s the 
ambiva len t  proper ty of lead i ng to severe attack by thr ips and wh i te­
fl ies .  

Nonethe less,  the exce l lent protect ive e f fec t of h igh gossypol 
aga inst He liothi s ha s resulted in intens ive efforts to i ncorporate 
th i s  tr a i t  into commerc ial cotton ( Sappenf ield and Di lday 1980 ) .  
Par rott e t  a l .  ( 1981)  repor ted tha t  certain h igh-gossypol strains of 
cotton showed no y ie ld loss when infested with tobacco budworm . 
Ar t i f ic i a l  i nfesta t ion ( Par rott e t  a l .  1981)  and the wi thhold i ng of 
insecticide protect ion ( Ba i ley et  al.  19 7 8 )  have been used to demon­
strate the protect ive value of h igh gossypol concentration s .  

Breeding stra ins of cotton wi th h igh gossypol content , however , 
i s  a leng thy and d i f f icul t  procedure ( Sappenfield et  a l .  19 7 4 ) . 
Fur thermore , h igh gossypol ha s  a negat ive e f fect on y ie ld (Mered i th 
1980 , Sappenfield and Di lday 1980 ) . Gossypol content has also been 
repor ted to be nega t ive ly cor r e la ted w i th boll s i ze and the r a t io o f  
l i n t  t o  seed (Wi lson and Le e  19 7 6 ,  Di lday and Shaver 1980 ) . 
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There fore , the best way to ach ieve h igh y i e ld plants with a h igh 
gossypol content may be through inter speci f ic hybr id s .  Singh and 
Weaver ( 197 2 )  reported an i nter speci f ic cross whose gossypol content 
wa s c loser to tha t of  the Pima cotton plant parent w i th high gossypol 
than to tha t of the XG- 15 upland parent with a lower gossypol content .  

The Prospects for Host Plant Re si stance (HPR} 

Boll weevi l-re s i stant var ieties of  cotton wi ll not become a 
re a l i ty unt i l  breeder s are able to combine tra i ts tha t he lp cotton 
plants res ist  the boll weev i l  with genet ic backgrounds that insure at  
least a norma l leve l of resi stance to other cotton insect pests . Red 
stem va rieties o f  cotton w i th a minimum of negat ive tra i t s  w i l l  
probably b e  commerc ially impor tant in the near future , but frego 
bract ' s  res i stance to the boll weevi l cannot be exploi ted unt i l  the 
var i e ty ' s  i ncreased susceptibi l i ty to Lygus i s  overcome . 

Most o f  the avai lable H PR tra i t s  have been known and used by 
cotton plant breeder s for more than a decade . Th i s  i s  about the 
leng th of t ime needed to breed out the agronomic de fect s  that come 
from introduc ing tr a i ts from exot ic plant var i e t ies . The fu ture of 
breed i ng for host plant resi stance in  cotton holds promi se of signi f­
icant breakth roughs .  I n  add i t ion , integra ted pest management pro­
grams may acce lera te the development of trap cropping systems in 
which both resi stant and susceptible var i e t ies of cotton play a 
use fu l  role . 

Pheromones of Cotton Insect Pests 

Much of the fundamenta l behavior of  insects in searching for 
food , sexual par tner s ,  and egg-layi ng s i tes i s  controlled by the 
release of spec i f ic chemica l s igna l s , ca lled semiochemicals , produced 
in the i nsect environment .  Semiochemicals tha t act inter spec i f ica lly 
are called allomone s i f  they favor the insect that produce s them and 
ka iromones if they favor the insect tha t rece ive s them (Brown e t  a l .  
19 70 ) . Semiochemicals that act intr a spec i f ically between ind ividua ls 
of the same spec ies are called pheromone s ( Kar lson and Butenandt 
19 5 9 ) . 

In the two decades s i nce the ident i f ica t ion of the sex pheromone 
of the s i lkworm Bombyx mor i  a s  �-10-c i s-12-hexadecadien-1-ol , or 
bombycol ( Bu tenandt et a l .  19 5 9 ) , intens ive study has demonstr a ted 
the almost ubiqu itou s presence of these chemica l messenger s in insect 
species and the ir essent ial role in  reproduc t ion . The sex pheromones 
of many insec t pes t s ,  i nclud ing severa l  pests of cotton , have been 
ident i f ied and are now ava i lable as  synthe t ic chemica ls . Much pro­
g ress has been made in us ing these sex pheromones to mon i tor the 
environment for the pre sence of the pest , to trap and destroy large 
number s of insects seek i ng ma te s ,  and to suppress mat i ng and repro­
duct ion by confusing and d i sr upt ing natur a l  pheromone s igna ls . 
capture s in  traps ba ited w i th pheromones have been studied a s  a way 
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qf pred ict i ng the need for insectic ide appl icat ions to comba t the 
pink bollworm (Toscano et a l .  197 4 )  and the boll weevi l (Rummel e t  
a l .  198 0 ) .  

Cur rent knowledge about the chemical identity of  pheromones of  
important cot ton insect pests i s  shown in Table 2 . 4 .  The sex pher o­
mones of most Lepidopter a are blends rather than s imple chemical 
compound s ,  and • fine tun i ng •  of the pheromone blend is essenti a l  to 
elicit maximum insect re sponse . The pheromone of the cabbage looper 
i s  apparently an except ion to the precedi ng statement , since i t  
consi sts of  only a sing le component . Even with He l ioth i s ,  however , 
sign i f icant communication re sponse between ma le and fema le moths has 
re sulted from employment of a s ing le parapheromone , c i s-9-te tra-
deceny l formate (Mitche l l  e t  a l .  19 7 5 ) . 

---

Li ttle e ffor t has been made to u se pheromones to control e i ther 
He lioth i s  o r  th e  var ious k i nds of armyworms , but commun icat ion 
between cabbage looper s has been d i sr upted by using 100 evapora tive 
source s per 0 . 1  hectare plot (Gaston e t  a l .  1967 ) . Although the sex 
pheromone blend of He lioth i s  i s  used in survey and detection , much 
research i s  still needed to improve the use of th i s  • too l . •  

Bo l l  Weevi l 

The identi f icat ion and synthe s i s  of the components of grand lure , 
the boll weevi l sex pheromone (TUmlinson e t  a l .  19 71 ) , af fords new 
oppor tun i t ies for cotton insect pest management .  Unl i ke the sex 
pheromone s of a maj or i ty of the lepidoptera , wh ich are produced by 
female s ,  grand lure i s  e labora ted by the male boll weev i l  in fecal 
pelle t s . Grandlure appa rently func t ions as  an aggregating pheromone 
dur i ng  ear ly spr i ng and aga in dur ing the fa ll , when boll weev i l  
popula t ion s migrate . Dur i ng the cotton plant ' s  fru i t ing pe r iod 
grand lure func tions a s  a ma le sex pheromone with a r e lative ly shor t 
range . · 

Gr andlure i s  a combinat ion of  two terpenoid a lcohols and a 
c i s-� m ixture o f  aldehyde s (Table 2 . 4 ) . I t  has been e spec ially 
u seful in  moni tor i ng boll weevi l infestat ions . Di spenser s conta ining 
2 5  mg of grandlure are ef fect ive for abou t 4 wee k s ,  and more than 1 
million of  the d i spenser s were used in mon i tor ing exper iments between 
197 3 and 19 7 7 . 

A number of attempts have been made to u se tr aps ba i ted with 
grand lur e to suppress the spr ing popu lation of boll weevi ls as  i t  
emerges from overwinter i ng site s .  In f ie lds of 35  and 7 3  acres i n  
Mi ssissippi  the use of  1 0  pheromone traps per acre wa s est imated to 
have captured 7 5  percent of the overwinter ing populat ion (Mi tche l l  e t  
a l .  197 6 ) . Th e  e f f iciency o f  such pheromone traps i s  inver se ly 
re lated to pest densi ty ; hence , trapping i s  a feasible control 
measure only when bol l  weevi l  populations are already at  low leve ls 
(Mi tche l l  and Hardee 19 7 4 ) . Knipl ing ( 19 7 9 )  has explored many of the 
theoret ica l problems involved in determining the optimum employment 
of grandlure . 
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TABLE 2 . 4  Sex pheromones o f  insect pests of cotton . 

Rellothia !!!.• cotton bollwol"ll 

Rellothia Yireac:ena , tobacco budwor11 

Pectinopbora qoasyplella , plnk bollwol"ll 

SpocSoptera �. beet arwywol"ll 

Spodopt:era frugiperda , fall &niY'fOl"ll 

'l'rlchopluala ni , cabbage looper 

Anthonc.ua qrandia ,  bollwevil 

aixture of : 
cla-11-hexadecenal 
cl.-9-hexadecena1 
cia-7-hexadecenal 
iie'iadecanal 

aixture of a 
cia-11-hexadecenal 
c;r;:-9-hexadecenal 
cia-7-hexadecena1 
hexedecanal. 
cia-11-hexadecen-1-ol 
cia-9-tetradecenal 
tetradecanal 

cia-7-trana-11-hexedecadieny1 acetate 
cia-7-cia-ll-hexadecadleny1 acetate 

cia-9-tetradecenyl acetate 
cia-9-!!!!!!_-12 tetradecedieny1 acetate 

cla-9-tetredeceny1 acetate 
cia-9-!!!!!!_-12-tetracadlenyl acetate 

cia-7-doclecenyl acetate . Loop1ure 

Grandlure , a llixture of a 
(+) -cia-2-iaopropenyl-1-..tby1cyc1obutaneethanol 
cla-�3-dt.ethyl-4-cyc1ohexaneethanol 
cla-3 , 3-dt.ethy1-4-cyclohexaneacetaldehyde 
trana-3 , 3-d�thyl-4-cyc1ohexaneacetaldehyde 

SOURCE: Data from Georqhiou and Taylor (1977 ) , USDA (1979) . 

ltlun et al . (1980.) 

ltlun et al .  (lt80b) 

a-1 et al. (1973) 

•• and Gtlnyud 
( 1972 )  

Seltu 1  a n4  Sparlta 
( 1967) 

Jler9er ( 1966) 

'l'lali...on et aL 
( 1971)  

w 0\ 
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Pink Bollworm 

Both the natur a l  pheromone gossyplure , or c i s-7-c i a-11-hexadeca­
dieny l  acetate , and hexalure , a leas act ive synthetic par apheromone 
(c i s-7-hexadeceny l acetate) have been studied for use i n  control 
program s .  The pink bollworm population in  the newly infe�ted area of 
the San Joaquin  Va lley , Cal i fornia , has been moni tored w i th abou t  
100 , 000  •de lta•  traps , each containing about 1 , 0 0 0  micrograms of 
gossyplure , as  par t  of a ma le ster i li za t ion program ( Foster et a l .  
19 7 7 ) . The use of  gossyplure to control the pink bollworm in cotton 
f ields seems to have been eva lua ted most thorough ly in the People 1 s  
Republic o f  China .  I t  has been repor ted (NAS 19 77 )  that i n  a 27-
hectare cotton f ield in Ch i na ba i ted w i th  30 tr aps per hectare 
conta i n i ng gossyplure , 2 90 , 00 0  ma le pink bollworm moths wer• cap­
tured . Th i s  wa s est imated to be about 25 percent of those pre sent . 

The disrupt ion of  commun ication between ma le and female pink 
bollworms u sing hexa lure also is a practical poss i b i l i ty . In one 
exper iment , the re lea se of about 3 3 0  g of hexalure per hectare dur ing 
the 16-week growing season cau sed most of  the fema les to rema in 
unmated and thu s produced a reduct ion of 75 percent i n  the larval 
popu lation of the next generation ( Shorey e t a l .  197 4 ) . It has been 
e st ima ted that by u s i ng the best techn ique s of microencapsu lation and 
impregnation in  hollow microf iber a ,  sat i sfactory control of the pink 
bollworm could be obta i ned by releasing about 15 g of gossyplure per 
hectare per season . 

Ma le Ster i li za t ion 

The u se of ste r i le ma les to con trol insect pest populat ions i s  a 
re lat ive ly new techn ique . A Russian gene t ic i st named Serebrovsky 
or ig i na lly ou tlined thi s  approach in 19 40 ( Proverbs 19 6 9 ,  Whi tten and 
Foster 19 55) . The f i r s t  sign i f icant applicat ion of the techn ique , in 
which ma le insects are exposed to radia tion , wa s the eradicat ion of 
the screwworm f ly (Coch liomyia hominivorax)  from the southeastern 
Un ited State s ( Knipli ng 196 0 ) . The technique i s  now be ing used to 
ma intain erad icat ion through the annual re lease of  8 to 10 bi llion 
ste r i li zed flies in the sou thwester n Un i ted States and the adjacent 
area of  Mex ico (CEQ 1 9 7 8 ) . 

Successf u l  suppre ssion of the codling moth , using both ster i le 
ma le s and ster i le ma les plus ste r i le fema le s ,  ha s a lso been demon­
stra ted . A r e lease r a te of 40 fully ster i le i nsects to one w i ld 
insect was s u fficient to r apidly reduce the natural popu lation . The 
cost , however , was cons iderably higher than the cost of conventiona l 
contro l  me thod s ( Proverbs 197 0 ) .  Programs of less demon strable 
success have a lso u t i l i zed ster i le male s .  Approximately 100 million 
ste r i le pink bollworm moths have been re lea sed annually in the San 
Joaqu in Va lley to prevent the establi shment of th i s  pest . In a 
s imi lar program , ster i le Mex ican fr u i t  f l ies have been re leased 
annua lly in souther n  Ca li for nia since 19 6 4 ,  the purpose be ing to 
prevent the e stablishment of flies di spersing from Mexico . 
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Numerous exper iments w i th male ster i l i zation i n  other pest 
species,  such a s  the or iental fr u i t  moth , the melon f ly ,  the Car ib­
bean fru i t  fly , the cotton bollworm , the horn fly , the stable fly , 
and seve r a l  mosqu i to spec ies have shown favorable r e sults . Diptera  
spec ies appear to be  the most amenable to e ffect ive ster i l i zation . 
Lepidoptera  and Coleoptera r equ i r e  larger and more deb i l i tat ing doses 
of radiation to ef fect ster i l i zation and pre sent a complex problem of 
determining the compe t i tiveness of  ster i l i zed insects wi th unster i l­
i zed one s .  

Cont inual improvements i n  equ ipment ,  diet , and techn ique for the 
ma ss rea r i ng of the bo l l  weevi l have occur red over the past quar ter 
century (Gr i ff in et  al.  19 81 : J . E .  Wr ight , Mississippi State Un iver­
s i ty , Mi ssi ss ippi State , MS , per sona l communication , 19 81) . I n  1980 , 
six m i l l ion adults cou ld be delivered per week to the Nor th Carol ina 
erad ication proj ec t  at a cost of $3 to $4 per thousand (T . B .  Davich , 
Mi ssi ssippi State Un iver s i ty ,  Missi ssippi State , MS , per sona l  commun­
ication , 19 81) . 

The pr i nc i pa l  problem in  obta ining ster i le boll weev i l s  has been 
the development of a radiation trea tment tha t wou ld ach ieve fu l l  
ster i li ty of  both sexe s .  Gamma ir rad iation was tr ied initially but 
had to be rej ected because the dose induc ing permanent ste r i l i ty was 
rapidly leth a l  ( Davich and Lindqu ist 19 6 2 ) . Dur i ng the following 
f i fteen year s a va r iety of chemoster i lant& was tr ied , but a l l  had at 
least one major dr awback . Either the ster i l i z ing dose was deb i l i tat­
i ng or fata l ,  or the dose fai led to induce complete ster i li ty ,  or it 
proved impossible to ster i l i ze females a t  the dosage capable of 
ster i l i z i ng male s (Wr ight and Vi llavaso 19 81) . 

At tempts to d i scover a new method of ster i l i za t ion were intensi­
f ied after the i nconclus ive Pi lot Boll Weevi l  Erad ication Exper iment 
( PBWEE) i n  1971 to 19 7 3 .  The methods used i n  PBWEE ster i l i zed males 

only , and the two sexes of the mass-reared insects had to be sepa­
ra ted by hand , an obvious and very costly defec t in the procedure 
(Lloyd e t  a l .  19 7 6 : Davich 19 7 6 ) . 

Recent tests i nd ica te the best method of ster i li za t ion now 
ava i lable i s  to feed weevi ls for 5 day s w i th d i f lubenzuron fol lowed 
by a gamma i r rad i a t ion treatment in a n i trogen a tmosphere (J . E .  
Wr ight , Mississ ippi State Un iver s i ty ,  Mi ssissippi State , MS , per sonal 
commun icat ion 1981) . Reproduc tion by adults treated by th i s  method 
is appa rently zero , s i nce treated weev i l s  fa i led to establi sh a 
detectable popu la t ion in  a weevi l-free area (Mi tche ll et  a l .  1980 ) . 

The longev i ty o f  ma le weev i l s  ster i l i zed by the gamma i r r ad ia­
tion-d i flubenzuron proces s ,  however , is seve r e ly a f fected . Mor ta l i ty 
a t  day e ight wa s 96 percent i n  a ster i l i zed weevi l  population , as  
compared to 40  percent for unster i l i zed ma les (Boll Weevi l  Re search 
Laboratory 19 8la) . Stud ie s of the a t trac t ion of females to traps 
ba i ted w i th ster i le ma les have ind icated that  the attract ion of 
fema le s to bo th ste r i le male s and grandlure i s  greatly reduced by the 
pre sence of norma l males ( Bo l l  Weevi l  Re search Laboratory 198la ) . 

The most recent stud ie s place the f ie ld competit iveness of  
weevi ls treated w i th i r rad iation and d i f lubenzuron a t  23  percent for 
the f ir s t  four days after release . The apparent loss of v igor after 
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day four is supported by day seven morta l i ty f igures of 58 percent 
for ster i le males and 6 percent for normal ma les (Boll Weevi l  Re­
search Laboratory 19 8lb) . Attempts to increa se the longevi ty of 
ster i le males are continu i ng ( T . B .  Dav ich , Mi ssiss ippi State Univer­
s i ty ,  Mi ss i ss ippi  State , MS , persona l communication , 19 81) , and a new 
techn ique for the aer i a l  d i sper sal of weevils demonstra ted good 
di sper sa l throughout the target field for the f ir st time (Boll Weevi l  
Re search Labora tory 198lc ) . 

Unfor tunately , there have been no exper imenta l demonstrations of 
population suppression u sing fully ster i le weevi l s  produced by cur­
rent technology . In 1980 an extensive test invo lving two methods for 
the d i sper sa l  of ster i le weevi l s  in a test and control area conta in­
ing comparable weev i l  popu lat ions in  Nor th carolina provided no c lear 
find i ng s  (J . E .  Wr ight , Mi ssi ss ippi State Un iver s i ty , Mi ssi s sippi 
State , MS , per sona l communicat ion 1981 J Boll Weevi l  Re search Labora­
tory 19 8lc) . Inadequate pre l iminary mon itor ing and the seasonal 
inf lux of boll weev i ls from more heavi ly infe sted areas are be lieved 
to have con tr ibuted to lack of succes s  in thi s  exper imen t .  

A larg e-scale test wa s a lso conducted in the Missi ssippi Delta 
in  1980 , u t i l i z ing a 300-acre test s i te adj acent to a 500 acre con­
tro l s i te .  Th i s  test also fa i led to g ive a c lear cut ind icat ion of 
suppression . Reduction in egg hatch in  the i nfe sted squares was 
considered to be the best cr i ter ion , and there was only a sl igh t ( 3  
percent)  reduc tion i n  egg hatch due to the release of ster i le boll 
weev i l s .  Th i s  test was per formed under severe climat ic stress cond i­
tions not favorable to weev i l  surviva l and reproduction ( T. B .  Davich , 
Mi ssi ssippi State Un iver sity ,  Mississippi State , MS ,  persona l commun­
ication 19 8 1 ) . H igh temperature s on the soi l sur face are be l ieved to 
have contr i bu ted heav i ly to mor tali ty among the ster i le weev i l s .  
Tests schedu led for 1980 in Nebraska to provide more informa tion were 
apparently scr apped for lack of fund s .  

In summa ry , th e  u se of ster i le ma le boll weevi l s  for e l iminating 
natural  boll weevi l popu la t ions su ffer s from inconclusive data . 
Tota l suppre ssion ha s been attempted i n  only a few field exper iments,  
and the se exper iments have fai led in  one way or  another . 

Di f lubenzuron 

Di f lubenzuron , or N- (4-chloropheny l) - ( 2 , 6-di f luorobenzoyl) ­
urea* , wa s orig i na lly de scr i bed (we l l i nga et a l . 197 3 )  a s  an insect 
growth regu lator w i th a nove l mode of action--a spec i f ic inh ibi tor of 
the synthesi s of the !-glucosamine polyme r , ch itin , a cr itical compo­
nent of the insec t exoske le ton . Th i s  spec i f ic biochemical inhibi tion 
is a common proper ty of an extens ive ser ie s of substituted benzoy l 
ureas (Wellinga e t  a l .  19 7 3 ) . TWo re la ted compounds ,  penfluron , or 
!- < 4- tr i fluorome thy lpheny l ) - ( 2 , 6-d i fluorobenzoy l ) -urea ( Olivier et 
a l .  19 7 7 ) , and tr i fluron , or !-4- ( tr i f luoromethylphenyl) -

*a lso named !- ( 4 -ch loropheny l) -aminocarbamy l-2 , 6-d i f lurobenzamide . 
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( 2-chloropheny l ) -urea , have been rep6rted to be more ef fect ive than 
d i flubenzuron , in some case s ,  and less e f fective in other s ,  dependi ng 
on the insec t  spec ie s .  Only d i f lubenzuron , however , has cond it ional 
EPA reg i str a t ion for u se on cotton aga inst the cotton boll weev i l  and 
on forests for con trol of the gypsy moth , Lymantr ia d i spar . Because 
of the complexi t ies of  the reg i stra t ion process , i t  seems unl ikely 
tha t compet i ng produc ts w i l l  r apidly di splace d i f lubenzuron . 

The chemical str ucture of d i flubenzuron i s  c lose ly related both 
to those of the per si stent herbicida l ureas--e . g . , monuron , or 
!- ( 4-ch lorophenyl)  !r �dime thylurea--and to that of the herbic ide 
d i ch lor beni l ,  or 2 , 6-d ichlorobenzon i tr i le .  All of these herbic ides 
have been widely used i n  the Un i ted S tate s  for three decade s 
(Herbicide Handbook 197 4 ) . 

Degradat ive Pa thways 

Stud ies of the degradat ion of d i f lubenzuron have been made w i th 
three d i fferent rad iolabe led moieties (Metca lf et  a l .  197 5 ) . I t  has 
been shown that  the parent molecule c leave s at both C (O) -N bonds in 
the -C (O) NHC (O) NH- br idge to form the pr imary degrada tion products 
2 , 6-d i flurobenzamide and �ch loropheny lurea . The 2 , 6-d i f luoro­
benzamide i s  subsequently conver ted to 2 , 6-d i f luorobenzoic ac id and 
the �ch loropheny lurea to �chloroani line .  None o f  these degradation 
products wa s found to be biomagn i f i ed extensive ly in  the organisms of 
the labora tory mode l  ecosystem (Metcalf et a l .  19 7 5 ) .  

Per si stence 

Di f lubenzuron has a low wa ter solubi l i ty of 0 . 3  to 0 . 10 ppm , and 
it ha s an octanol/Water pa r t i t ion coe f f icient of abou t 3 500 . 
Extensive labora tory studies w i th three d i f ferent rad iolabeled 
preparations of d i f lubenzuron showed that i t  does not become highly 
bioconcentra ted . The bioconcentra t ion or ecolog ical magn i f ication 
factor s for the pa rent  compound were  alga , 18 to 83 t ime s ;  sna i l ,  86 
to 13 5 t ime s ;  mosqu i to larva , 596 to 779  t imes ; f i sh (Gambusia) , 14 
to 19 t ime s (Metca lf et a l .  19 7 5 ) . These factor s ind icate a decrease 
in residue concentration through food cha ins . The levels of 
bioconcentrat ion are mini scule compared to those for DDT and other 
org anoch lor i ne i nsec tic ides under s imi lar test condi t ions (Metca l f  
and Sanbor n 19 7 5 ) .  The relative ly h igh va lue s in mosqu i to larva 
reflect the a f f i n i ty of d i flubenzuron for the insect cuticle . 

Di flubenzuron ha s moderate per s i stence i n  biolog ical systems . 
In  a labora tory model ecosystem treated w i th d i f lubenzuron , the 
percentages of parent d i flubenzuron found in the organ i sms after 30 
days of  exposure were alga , 4 6  to 6 1 ; sna i l ,  7 3  to 90 ; mosqu i to 
larva , 8 4  to 9 8 ;  and f i sh ,  5 . 2  to 6 . 7 .  The range of va lues shows the 
re sults w i th  two separate rad iolabe led pr eparations ,  one labe led in 
the d i fluorobenzoy l and the other in the �chloroan i line moieties 
(Metcalf e t  a l . 1975 ) . 
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Persi stence in water . Di flubenzuron may per sist in water for 
considerable per iods. After 33 days in the water phase of a 
laboratory .ade l ecoayatea , two radiolabeled preparations of 
diflubenzuron had 24 to 31 percent of the total extractable 
radioactivity present as the parent compound (Metcalf et a l .  1975 ) .  
The pr imary hydrolysis products are 2 , 6-d i fluorobenzoic acid and 
f-Chlorophenylurea ,  and the i r  product ion is photochemica lly catalyzed 
th rough conver s ion to 2 , 6-difluorobenzamide and f-Chlorophenyl 
i socyanate intermediate s  (Metca lf et a l .  197 5 ) . The ha lf-li fe of 
d i flubenzuron in water is strongly pH-dependent , rang ing from about 1 
day under alka line condi t ions to 2 weeks  or more under neu tral or 
ac id conditions ( EPA 1979) . 

Per sistence in So i l . As expected from i ts s imi lar i ty to 
monuron , d i flubenzuron can be highly persistent in soi l .  The 
re sidues of two rad iolabe led preparations placed in the soi l  of a 
laboratory model ecoayatea showed only about 1 percent decomposi t ion 
af ter 4 weeks a t  27°C (Metcalf et a l .  19 7 5 ) . Ver loop and Fer re l l  
( 1977 ) deaonatrated that so i l  per si stence o f  d i flubenzuron was 
re lated to par t icle s i ze ,  wi th 2 micron-si zed par t ic le s  having a 
ha lf-life of o . s  to 1 week and 10 micron-sized par t icles having a 
ha lf- l i fe of 8 to 16 weeks . The effect of part icle s i ze on the 
degradatioR rate of d i flubenzuron residues on cotton plants that are 
shredded and cultiva ted into the soi l  a f ter harvesting is not clear . 
One exper iment showed tha t  such d i flubenzuron residue s showed no 
apprec iable degradat ion 9 months a f ter being placed in the soi l .  The 
content of the residue recovered by solvent extraction was 9 5  pe rcent 
intact d iflubenzuron (Bull and Iv ie 1 9 7 8 ) . Di flubenzuron was found 
to bind tightly to soi l particles and did not read i ly leach away . 

Toxicology 

The action of d i f lubenzuron in i nhibiting ch i t in synthetase 
(Ver loop and Fer rel l  1977 , Haj jar and ca aida 1978 ) suggests a high 

degree of spec i f ic i ty of thi s  insectic ide for insecta and re lated 
arthropoda and for crustacea .  Th e  concentrations o f  d i flubenzuron 
that are lethal to aquatic inver tebrate s  are very small , w i th acute 
LCso values in ppm for water f lea , Daphnia , 0 . 0015 : sand f lea , 
Gammar u a ,  ca 0 . 040 : clam shr imp , Eulimnad i a , 0 . 000 15 ; mysid shr imp , 
Myaidopa i a ,  0 . 00 2 ;  and br ine shr imp , Ar temia , 0 . 002  ( LCso i s  the 
concentration i n  water that is lethal to SO percent of the aquat ic 
organi sms i n  the teat population) . Chronic reproduct ive e f fec ts over 
6 to 30 days were obser ved in  blue crab at 0 . 00 0 5  ppm and March crab 
at 0 . 001  ppm ( EPA 19 7 9 ) . 

Ver tebra te animals are much less susceptible . The te50 va lue 
for g uppies i s  100 ppm , and phytotoxic effects were not observed at 
leve ls up to 10 , 000 ppm. The lethal oral dose ( LDso > for 
laboratory rata and mice i s  greater than 10 , 000 mg/kg .  

Di flubenzuron per ae does not appear to cause tumor s ,  but its 
pr imary degradat ive pa thway to f-Ch loroani line , which i s  re lated to 
known human bladder carc inogens , has r a i sed quest ions about 
d i f lubenzuron ' a  overa ll tumor-causing potential i ty .  �chloroani li ne 
is  mutagenic in  the Ames Sa lmonella assay ( EPA 19 7 9 ) . 
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3 .  PUBLICLY SUPPORTED PEST CONTROL 

LEGI SLATIVE H I STORICAL BACKGROUND 

Not long a f ter Congress author i zed the e stabli shment of USDA in 
186 2 , the depar tment ' s  commissioner of  agr icu lture recommended 
e stablishing a •professor sh ip of entomology , • saying • insects are 
annua lly de s troyi ng va st amounts of the produc t of our soil and the ir  
ravage appear s to be increasing . •  Even though subsequent annual 
repor ts o f  USDA ' s  Division of Entomology conta ined many references to 
the damag ing losse s  caused by insect pests of fore ign or ig in , little 
considera tion wa s g iven to enacting national leg i s lation to prevent 
or restr i ct the introduc t ion of add i t iona l plant pests.  

In 18 8 1 ,  Ca li fornia became the f ir st sta te to enac t a plant 
quara nt ine law . Thi s  act enabled Cal i fornia to enforce inspect ion 
and other measure s to prevent the entry of pest s .  In 1889 , the state 
of Ma ssachusetts gave i t s  depar tment of agr iculture funds to carry 
out the task of extermina ting the gypsy moth .  Thi s  wor k was di scon­
tinued i n  1900 , bu t the appearance of the gypsy moth in adjacent 
state s dur i ng the next f ive years  led COngress to appropr iate federal 
funds to contro l the gypsy moth in 1906 . The appropr iation act 
d irec ted USDA to cooperate w i th state au thor ities in preventing the 
fur ther spread of the gypsy and brownta i l  moths . Th i s  leg i slation 
establi shed the pol icy of federal-sta te cooperation in plant pest 
contro l programs . 

Meanwhi le ,  all  bu t f ive of the states had followed Cal i fornia ' s  
lead in  establ ishi ng a quarantine law . Six year s later , i n  1912 , the 
nat iona l Plant Quarantine Ac t [ 7  u . s . c .  151-16 7 )  author i zed the 
crea tion of a plant inspection system and measures to control and 
eradica te plant pests . Sta te employees were to per form most of the 
actua l examinat ions a t  state expense , however .  

In 1918 the Mexico Border Act [ 7  u . s . c .  14 5 ) , provided federal 
fund s for surveys to determine the di str ibution of the pink bollworm 
in states adj acent to the Mexican border , for the establi shment of 
cotton-free zone s in state s adj acent to the border , for cooperat ion 
w i th Mex ico in exterm inating infestations near the border , and for 

4 2  
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cooperation wi th Texas or any other state in stamping ou t infesta­

tions . Pr ior to the d i scovery of the pink bollworm in  Texas in 1917 , 
state au thor i t ies had a lready taken steps to enact leg i slat ion au tho­
r i z i ng  quarant i ne regulations and the establ i shment of cotton-free 
zone s .  The state o f  Texa s subsequently inst ituted a pink bollworm 
quarant ine in  January 1918 , and in  February of tha t year a proc lama­
t ion of the gover nor proh i b i ted the growing of cotton in des ignated 
d i str icts for a per iod of three year s or as long as the pink bo llworm 
rema ined a menac e .  Thi s  attempt at eradicat ion fa i led owi ng to a 
lack of g rower suppor t and coopera t ion . 

Congress recogni zed the need for nationa l author i ty to prevent 
the introduct ion of fore ign pests and to contro l any pests tha t 
become e stablished when they enacted the Plant Quarantine Ac t of 
1912 , as amended ( 7  u . s . c .  147a ) ; PUblic Re solut ion No . 20 , 19 37 
( U . s . c .  14 8-14 8e ) ; and the Cooperation w i th State s  Act ,  196 2  (u . s . c .  
4 50 ) . Thi s  leg i sla t ion author i zed the Depar tment o f  Agr iculture to : 

• restr ic t and control the en try and inter state movements of 
plants and plant produc ts to prevent the entry and inter state 
spread of  plant pe sts ; 

• coopera te with the states , farmer s ,  farmer s '  association s ,  
and Mexico t o  control o r  erad ica te pe s t s  tha t pose a s ign i f i ­
cant economic hazard ; and 

• cooperate wi th state agencies in the admini str a t ion and 
enforcement of federa l laws and regula t ions re lated to the 
control or erad icat ion of plants pest s .  

Since the pa ssage o f  the Pla nt Quarant ine Act of 19 1 2 ,  USDA has 
deve loped four strateg ies for dea l i ng w i th fore ign or , where  the 
stra teg ies are applicable , domest ic plant pests : 

• exclu s ion : pr event ion of entry by plant quarant i ne and 
inspec t ion ;  

• erad icat ion : ear ly detec t ion o f  infestat ions and the use of 
erad icat ion techn ique s that are biolog ica l ly , environmentally , 
economical ly , and soc i a l ly appropr iate ; 

• retardat ion : the use of dome s t ic quarantines to prevent 
art i f ic i a l  spread of the pe st and use of popu la t ion suppre s­
sion to retard natural spread ; 

• m i t igation :  lear n i ng to l ive with the pest through changes i n  
plant cult ivat ion pract ice s and pe st con trol techn ique s .  

I n  19 26 , however , the u . s .  Supreme Cour t  r u led that state 
quarantines were i l lega l and unwarranted , and inva l idated more than 
200 such quarant ine s .  Later tha t same year congress amended the 
Plant Quarantine Ac t of 1912  to grant to states the r ight to take 
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inter sta te quarantine ac t ion aga inst any plant pe st not covered by a 
federa l  quarant ine , to author i ze the Secr e tary of Agr iculture to 
cooperate w i th any sta te or ter r i tory in  the enforcement of such 
quarantine s ,  and to author i ze any state to exerc i se i ts pol ice powers  
w i th re spect to  any  a r t i c les shipped in v iola tion of a federal  plant 
quarant ine . I n  1 9 3 7  Cong ress author i zed an appropr iation of  $2 
m i l l ion for the genera l con trol of inc ipient and emergency outbreaks 
of insect pests and plant d i sease s .  Pr ior to 1937 , Congressiona l ly 
appropr iated funds were for spec i f ica l ly named plant pe st and d i sease 
contro l programs . 

In  1962  Congre ss enac ted the Cooperat ion w i th State s Ac t [ 7  
u . s . c .  450 ] , d i rect i ng the Secretary o f  Agr iculture to cooperate with 
state agenc ies in the administr a t ion and enforcement of federal laws 
and regu la tions re lated to the mar ke t i ng of agr icu ltura l  products and 
to the control or erad icat ion of plant and an ima l d i seases and pests . 
Wh i le many other federa l  statute s  au thor i ze or d irec t federa l/state 
cooper a t ion , most of them impose qua l i fy ing re str ictions on coopera­
t ive act iv i t ie s .  Under the 196 2  Ac t the Secretary was au thor i zed to 
enter into cooperat ive arrangements to the extent he deemed appropr i ­
ate i n  the pu b l i c  i nterest . 

State s w i th i n  geograph ica l reg ions have a lso organi zed among 
themse lve s  to control the spread of plant d i seases and insect pe sts . 
In  19 19 the plant reg u la tory o f f i c i a ls of the 1 1  wester n stat� s ,  the 
ter r i tory of Hawa i i ,  Mex ico ' s  Di str ict of LOwer Ca l i for n i a , and 
Canada ' s  Provi nce of Br i t ish Columb i a  formed the Western Plant Qua r­
antine Boa rd " to sec ure a greater mutua l under stand i ng ,  closer coop­
er a t ion and uni form i ty of act ion for the e f f ic ient protec t ion of our 
plant i ndu stries aga i nst plant d i sea se s  and insect pe sts• (Hagan 
19 19 ) . Centr a l  and Ea ster n Pla nt Boards were formed in 19 2 5 , wh i le 
the Souther n Pla nt Board wa s formed i n  19 26 . These four reg ional 
board s then uni ted to form the Na t iona l Plant Board . Wh i le the 
Na t iona l Plant Board ha s no statutory a u thor i ty ,  it ha s cons iderable 
influence on pol icy dec i s ions concer n i ng both domestic and fore ign 
quarantine s .  

I n  19 31 the reg iona l plant boards and the Nat iona l Plant Board 
adopted the Pr i nc iple s of  Plant Quarant ines , wh ich , w i th sl ight 
rev i sion in 1936 , have prov ided a sound ba s i s  for the i n i tiat ion of 
qua rant i ne act ion . A supplementa l document ca lled De f i n i t ion s and 
Gu ide l i nes  wa s adopted i n  19 6 9  ( Spears 19 7 4 ) . In 19 7 3 ,  the Plant 
Protect ion and Qua rant ine Divi sion of the USDA An ima l and Pla nt 
Hea lth Inspec t ion Se rvice (APH IS ) , i n  coope r a t ion w i th the plant 
boards approved Gu ide l i ne s  for I n i t i a t i ng and Di scontinuing Sta te/ 
Feder a l  Plant Protec t ion Programs ( USDA : APHIS : PPQ ,  March 12 , 197 3 ) . 
The se documents have he lped to mold federa l publicly suppor ted pest 
control programs . USDA ' s  procedur e s  for such progr ams are set for th 
in Cr i te r ia for Par t ic i pat ion in Cooperat ive Plant Protect ion Pro­
grams ( USDA : APHIS : PPQ: Dr a f t  Oct 19 7 6 ) . 

Most fed era l appropr iat ions of funds  for spec i f ic insec t pe s t  
contro l  progr ams have stated the pr ogram obj ective to be eradicat ion 
of the pest , even whe n technology and resources avai lable for the 
prog ram have of fered l i ttle chance of eradication . Many coope r a t ive 
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federa l-state pe st con tro l programs have been  e f forts to retard the 
spread of pests , or comb i na t ions of suppre ss ion measures to prevent 
a r t i f icial  spread of  the pest w i th erad ica tion measures  applied to 
i solated infe sta t ion s .  

The An ima l and Plant Hea lth Inspec t ion Service (APHIS ) o f  USDA 
l i sts 3 7 plan t pe sts that  have been successfu l ly e rad icated through 
state and/or federa l act ion from a l imi ted geographic area in the 
continenta l Un i ted State s (Table 3 . 1 ) . I n  gene r a l  most of the pe sts 
on the l i st are those w i th l imi ted capabi l i ty o f  migr at ion . They had 
not ye t spread to the fu l l  potent ia l of the i r  ecolog ica l range across 
the Un i ted State s and the infestat ion tha t  wa s successf u l ly erad i ­
cated wa s o f  limited geograph ica l d i str ibut ion . 

COTTON INSECT PESTS 

The po l i cy o f  the federa l gove r nment and of the i ntere sted state 
gover nments has been to cooperate w i th cotton grower s themse lves in  
aggress ive e fforts to  cur b the substantial  damage to  cotton crops 
caused by the bol l  weevi l and other cotton i nsec t pests . As Chapter 2 
note s ,  the last  two decades have been mar ked by a host of sc ient i f ic 
deve lopments i n  e f for ts to dea l w i th cotton insect pests--the contin­
ued i ntroduct ion o f  new i nsec t ic ide s to r eplace those rendered less 
e f fect ive by the deve lopment of  r e s i stance in the insec ts ,  e f for ts to 
breed new stra i n s  of cotton that w i l l  have more natu r a l  resi stance to 
insec t a t tack , the d i scovery of the boll weevi l pheromone ca l led 
grand lure and i t s  u se in tr aps for mon i tor i ng boll weev i l  movements , 
the deve lopment o f  methods for the mass rear i ng of bo ll weev i ls in 
laborator ie s ,  a ttempt s to u se mass ster i l i zat ion of  ma le boll weevi ls 
to reduce weev i l  popu lat ions , and , last but not least , d i scovery of 
the va lue of u s i ng insectic ide s aga inst boll weev i l s  at  the end of 
the cotton season to k i l l  d i apausing weev i ls tha t wou ld othe rw i se 
sur vive the wi nter and beg i n  to breed anew the following year . 

Most of  the se deve lopments have had the i r  or i g i n , in  the la st 
ana lysi s ,  in the des i res of cotton grower s themse lves to m i n imi ze the 
economic damage they su f fer from cotton insec t pe sts every year . In  
19 69 the Nat iona l Cotton Counc i l  of Amer ica ,  the largest organ i zation 
of cotton grower s ,  forma lly asked USDA to conduc t  an exper iment in  
the heart  of  the Cotton Be lt to  determine i f  i t  was techn ica l ly 
fea s ible to e l iminate the boll weev i l ,  u s i ng the newe st techn iques 
then ava i lable . Such a tr i a l  wa s conduc ted i n  an a rea of sou th 
Mi ss i ss ippi be tween 19 7 1  and 19 7 3 .  Dur i ng the tr i a l , known a s  the 
Pi lot Boll weevi l Erad ica tion Exper iment ( PBWEE) , bol l  weev i l  popu la­
t ions were suppr e ssed to very low leve ls . In Aug ust 19 7 3  the techn i­
ca l gu ida nce commi ttee of the Nat iona l Cot ton Counc i l  reviewed the 
data from the PBWEE exper iment and conc luded tha t  i t  wa s technically 
and operationa l ly fea s i b le to "e l iminate a s  an economic pest•  the 
boll weevi l in the Un i ted States by u s i ng techn iques tha t were also 
ecolog ically acceptable . 

A new federa l law wa s enac ted tha t same month author i z ing and 
d i rect i ng the Secretary of Agr icu lture " to car ry out programs to 
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TABLE 3 . 1  Successful Plant Pest Eradication Programs from Conterminous United States, APHIS 

Pest and (Host) 
Yeu and Location 

INSECT PESTS 

Primary Method Used for Eradication 

MtlaMrpis alitM (Newstead)-alien scale (orchids) 
195 8-7 1 - Florida Phosphatic sprays and infested host destruction. 

Nygmia phaeorrhoet� (Donovan)-browntail moth 
1 9 1 1-48-Vermont Manual destruction of webs and lead anenate sprays to foljqe. 
1 9 1 1-69-New Hampshire DDT and cubary1 foliar sprays. Manual destruction of webs. 

Aleuroctznthus woglumi (Ashby) -citrus blacldly (citrus, mango) 
1 934-38 -Floridt' Destruction and oil sprays of infested host trees. Rotenone and oil sprays. 
1 956-Texasb 

PtUlatorill blanchardi (Tugioni·Tozzetti) -date palm scale or pulatoria date ICale (palms) 
1 9 1 3-36-California, Arizona, Summer oil sprays. 

Texas 

Eriophyes litchii (Keifer) -erinose mite (lychee) 
1956·5 8-Florida Dicofol sprays and Wlitation. 

Rhizotrogur maja/is (Razoumowsky)- European chafer (roots of turf, trees, and shrubs) 
1 954-65 -West Virginia Dieldrin surface treatment. 

Lyman tria dirptzr (Linnaeus)-gypsy moth (oak and other hudwood foliage) 
1 9 1 4- 1 7 -0hio Arsenate of lead. 
1 954-65-Michigan DDT foliar sprays. 
1 966-70-Michiganc Cubaryl foliar sprays. 

Nilotaspir halli (Green)-hall scale (stone fruits) 
1 94 1-6 7 -California HCN fumigation. 

So/enopsis invicta (Buren)-red imported fue ant 

So/enopris richteri (Forel)- black imported rue ant 
1 95 0-Tennessee Chlordane surface treatment. 
1 966-Tennessee Mirex bait. 

Popillia japonictz (Newman)-Japanese beetle (turf, flowers, grapes, . . . general feeder) 
1957-65-lowa Dieldrin surface treatment. 
1 96 1-65-California (Sacramento) 
1 9 7 2·76-California (San Diego) 

Otlordane surface treatment; cubuyl foliar treatment. 
Chlordane surface treatment; cubuyl foliar treatment. 

Trogoderma granarium (Everts)-khapra beetle (stored grains) 
1 954-66-Texas, Arizona, New Methyl bromide fumigation. 

Mexico, California 

Ceratitis capitata (Wiedemann)-Mediterranean fruit fly (fruits and vegetables) 
1 929·30-Florida Host fruit destruction and bait sprays. 
1 956·5 8 - Florida Malathion bait sprays, trapping and lures. 
1 96 3  (two occasions)-Florida Malathion bait sprays, trapping and lures. 
1 966-Texas Malathion bait sprays, trapping and lures. 
1 97 5· 76-Califomia Host fruit destruction, traps, ground treatment with insecticides and 

sterile releases. 
1 980-Californiad Traps, ground treatment with insecticides and sterile relea�e�. 

Dacus cucurbitat (Coquillett)-melon fly (cucurbits·melons, etc. ) 
1 95 7 -California Trapping. 

Copyright © National Academy of Sciences. All rights reserved.

Cotton Boll Weevil: An Evaluation of USDA Programs : a Report
http://www.nap.edu/catalog.php?record_id=18570

http://www.nap.edu/catalog.php?record_id=18570


4 7  

TABLE 3 . 1  (continued) 
Pest and (Host) 
Year and Location Primary Method Used for Eradication 

EpilllchNI varivestis (Mulsant)-Mexican bean beetle (beans) 
1 95 0-California Foliar sprays with Rotenone. 

Ant�strepluz ludens (Loew)- Mexican fruit Oy (citrus) 
1 954-56 -California Malathion baitlp ray. 

Eurytomtz sp. or Eurytomtz orchidurum (Westwood)-orchidOy (fox-tailed orchid)-a chalc:id wasp 
1 966-6 8- Florida Dimethoate, diazinon, and sanitation. 

Asteroleaznium epidendrl (Boisduval)-orchid pit scale (orchids) 
1 96 8-7 1 - Florida Destruction of infested plants. 

Dtzcus dorSillis (Hendel)-Oriental fruit Oy (citrus) 
1 960-California Methyl eugenon trapping. 
1 966-California Methyl eugenon trapping. 
1969-78-Califomia each year Methyl eugenon trapping and methyl eugenon/naled bait. 

Reintroduced each year from 1 970 to 1 978 and eradicated each year. 

Pectinophorrz gossypiel/4 (Saunders)-pink bollworm 
193 3-35 -Georgia Nonplanting zone. 

Cerop/4stes rubens (Maskell)-red wax scale (Chinese evergreen, anthurium, etc. ) 
1 95 5-60- Florida Dimethoate sprays and sanitation. 
1 96 1-6 8 - Florida Dimethoate sprays and sanitation. 

Vintonitz stellifera (Westw.)-steDate scale (orchids) 
1 95 5·5 8-Florida Parathion and oil sprays and parathion cUps. 

Cy/4s formictJrius elegantulus (Summers) -sweetpotato weevil (sweetpotato) 
1 96 2 - New Jersey Host destruction, dieldrin surface treatment. 

Graphognathus spp. -whitefringed beetles (roots of cr9ps • peanuts and foliage of truck crops) 
1 954-60-New Jersey Dieldrin soil and soil surface treatments. 
1 965-70-Maryland Dieldrin surface treatments. 

Has been reintroduced 1 979. 

PLANT DISEASES 

Xanthomontlt citri (Hasse)-citrus canker (citrus) 
1 9 1 4-4 3 - Florida and Gulf Destruction of infected host. 

States to Texas 
Puccinitz SOIJ'hi- common maize rust (corn) 

1 96 9· 70- Florida Destruction of infected host. 

Physopel/4 pallescens (Arth. Cumm. and Rarn.)-gamagrass rust (Trip�t�cum and Euchi4eNI) 

1 97G-7 2 - Florida Destruction of infected host material. 

(virus disease)-Hoja Blanca virus 
1 95 7-6 5 - Florida Malathion sprays, roguing and plowing under. 

(Mycoplasm disease)-lethal yellowing of coconuts 
Cocunut Lethal Yellowing Mycoplasm 

1 95 5-68-Florida, Key West Resistant Malayan varieties. 

Has been reintroduced. 

Peach Mosaic Virus 
1 935-70-Utah Destruction of infected trees. 
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TABLE 3 . 1  (continued) 
Pest and (Host) 
Year and Location Primary Method Used for Eradication 
Pucctnilz pelllrgonii . zona/is (Doidge) -pelargonium (Jeranium) rust 

197().7 1 -Aorida Dithane, zineb �prays, sanitation, and destruction of infected plant. 

Uredo becknickilzllll (P. Henn)-Ph�us rust (orchids) 
1 954- Aorida Destruction of infected plants. 

Synchytrlum endobioticum (Schibb. Perc.)-potato wart (potato) 
1 9 1 8-74-Maryland, West Host destruction. 

Virginia, Pennsylvania Soil treaunent with copper sulfate or formaldehyde. 

Phy10pellll zeae (Mains, Cumminas. and Ramacher) -tropical com rust 
1970-Aorida Destruction of infected plants. 

OTHER 

Helix arperm (MuUer)-brown garden snail (plant feeder) 
1 963-64-Florida Mexacarbate and methyl bromide fumiption. 
1 964-66-Florida Mexacarbate. 

1 969-70-Aorida Methalclehyde-calcium wenate bait applied aerially. 

Achatillll ftllicil (Bowdich)-giant African snail (plant feeder) 
1 96 9-7 5 -Florida Methaldebyde-calcium arsenate bait, carbaryl drenches, handpicking sanitation. 

Globodera rostochlensil-golden nematode (potato, tomato) 
1 96 8-70-Delaware DD soil fumigation. 

Theba piltlllll (Muller)-white garden snail 
1927 -California Methaldehycle bait. 
1 940-California Methalclehyde bait. 
1 956-South Carolina Methaldehyde bait. 
1 969-California Calcium arsenate bait. 

0Reintroduced, Fort Lauderdale, Aorida, 1976.  
bReinuoduced, Brownsville, Texas, 1 97 1 .  
CReintroduced, Michipn, 1 97 2. 
dReinuoduced, San Jose, California, 1 980. 

SOURCE: M. J .  Pender, APHIS, personal communication, 1 9 8 1 .  
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destroy and e l iminate cotton boll weevi l i n  i nfe sted areas of the 
Un i ted States • • •  if the Secre tary determ ines tha t method s and 
systems have been deve loped to the point the success in eradicat ion 
of such insect is assured • • •  • The new law a lso requ ired cotton 
grower s to pay up to one-ha lf  of the costs of what the law also 
re fer red to as an •erad icat ion • program and gave the Secre tary the 
au thor i ty to i ssue • such regu la tion s  as he deems necessary to enforce 
the provi sions  of thi s  subsec t ion w i th r e spect to ach i ev i ng the 
compliance of producer s and landowner s . •  

Thi s la st provi so ,  i n  e f fect , gave the Secre tary fu l l  author i ty 
to car ry out the program , i nc lud i ng enfor c i ng the program among a l l  
cotton grower s and a l lowing federal  off ic ia l s  to enter any pr ivate 
property nece ssary for succe ss of the program . The provi s ion wa s a 
depar ture from h i stor ica l pr act ice , in wh ich the states had been 
vested wi th au thor ity for enforcement and r ight-of-entry in insec t 
pest contro l progr ams , and wa s a log ical extension of the fol lowing 
statement in the Nat iona l Plant Boa rd ' s  1 9 7 2  Pr i nc iple s of Plant Pe st 
Contro l :  • s i nce the measures requ ired to implement a pest contro l 
program u sua l ly involved treatment of pr ivate and public prope r ty for 
the bene f i t  of wider interest or the publ ic we lfare ,  they cou ld not 
be undertaken by pr iva te ind iv idua l s  or groups , and therefore to 
resor t to procedur e s  under pub l ic author i ty i s  log ica l . " 

The PBWEE expe r iment and the 19 7 3  leg i sla t ion , however , d id not 
se ttle the quest ion of how to dea l w i th the boll weev i l .  As the 
Nat iona l Cotton Cou nc i l ' s  techn ica l gu idance committee had a lready 
recogn i zed , some boll weev i ls  had been found in the PBWEE "erad ica­
tion zone . "  Th i s  techn ica l gu ida nce comm i t tee took the view , how­
ever , tha t  wha t PBWEE had demonstra ted wa s eradicat ion fol lowed by 
rei nfe sta t ion . Since bo l l  weev i l s  can m igrate at  lea st 4 5  mi les ( 7 2  
km) , and sinc e  most o f  the cotton in  the eradicat ion zone wa s w i th i n  
4 5  m i le s  of  i nfe sted cotton , the technical committee took the view 
th at the bo l l  weev i ls  found in the zone were immigr ant s .  In  order to 
de sc r i be wha t had happened , the comm i t tee sa id that the boll weevi ls 
in the zone had been "el imina ted a s  an economic pest•  r a ther than 
" erad ica ted . "  

In  19 7 3  a commi ttee of  the Entomolog ical Soc iety of Amer ica 
eva luated the PBWEE expe r iment . Tha t  committee expressed reser­
va t ions about under t a k i ng any massive program of boll weev i l  erad i ­
ca tion unti l the techn ique s used in PBWEE were improved and more 
attent ion was pa id to the problem of preventing a bo l l  weev i l  
immi grat ion from Mex ico i n  the event bo l l  weevi ls actually were 
er adicated from the Un i ted State s .  In  19 7 5  the Na t iona l Academy of 
Sc ience s publi shed a repor t in wh ich a subcommittee on cotton pest 
control expre ssed severe doubt as to the feasibi l i ty of eradicating 
the bo l l  we evi l in thi s  country ( NRC 19 7 5 ) . 

Meanwhi le ,  the agr icu ltur a l  appropr iat ion subcommittee of the 
Hou se Appropr iat ion s commi ttee had begun to express concern about the 
19 7 3  law grant ing new power s to the Secr e tary of Ag r icu lture . The 
subcomm i ttee wa s conc er ned about whe ther the powe r s  granted to the 
Secr e tary to car ry ou t the law for contro ll ing the boll weev i l  
amounted to con tro l of  pr ivate land u se by the federal gover nment ; i t  
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was also concer ned about insu f f ic ient cooperat ion w i th USDA ' s  boll 
weevi l control e f for ts among cot ton growe r s  and the sta te s .  

De spite the reservat ions i n  var iou s quar ter s about the resu lts 
of the PBWEE exper iment and about the 19 7 3  federa l leg i slation ,  the 
Nat iona l COtton Counc i l cont inued to suppor t a plan i t  had submitted 
to the Secr e tary of Agr iculture for erad ica ting the boll weevi l .  

A number o f  cond i tions have been iden t i f ied a s  essentia l to the 
succe ss of  any e f for t to erad icate the boll weevi l  ( Bra zzel 1 9 7 6 , 
Gu ice 19 7 6 ) . They are a s  fol lows : 

• Ther e  mu st be over whe lming suppor t of the program by grower s ,  
by pr iva te i ndu stry , and by feder al  and sta te agenc ies . 

• There must be par t ic ipa t ion by 1 0 0  pecent of the grower s .  

• Ei ther federa l or state governments must have the au thor i ty 
to do the following : e stabl i sh an erad ication zone ; grant 
program i nspec tor s the au thor i ty to enter any public or 
pr ivate proper ty in  the zone ; proh ibi t the non-commerc ial  
r a i s i ng of cotton ; regu late the movement  of seed cotton and 
any other ma ter i a l  capable of transpo r t i ng boll weev i l s ;  
requ ire mandatory repor ting o f  a l l  cotton acreage ; and allow 
the destruction of volunteer cotton . 

• Grower s mu st be w i l l i ng to contr ibu te up to SO percent of the 
cost of the program.  

As i nd icated ear l ier , all  of the states have the statutory 
author i ty to regulate the inter sta te and i ntr asta te movement of 
i nsect pests and plant d i sease s ,  and most of them have the author i ty 
to con trol spec i f ied plant pests through quarantine or other me thods . 
A review of Br uer ( 1 9 7 6 )  showed , however , tha t most of the states 
lacked au thor i ty to compe l coope r a t ion w i th one or more of the cond i­
t ions noted by Br azzel  and Gu ice . Br uer conc luded tha t if any eradi­
cat ion program wa s to be successfu l ,  • some rev i s ion of state statutes 
seems to be i nd icated . " 

Another problem , and one tha t has arou sed substantial deba te 
ever since the Nationa l Cotton Counc i l  proposed its  plan to the 
Secr e tary of Agr iculture in 19 7 3 ,  is whe ther or not •erad ica t ion• i s  
de s irable , even i f  feas ible . 

Pa r t  of  the d i sagreement over such a plan comes from the d i ff i ­
culty i n  def in i ng the term •erad icat ion . "  Wh i le erad ica tion c lear ly 
means • to e l iminate the popu lat ion of bo l l  weev i ls , • the quest ions 
that must be asked are , For how long ? and Throughou t what geographi­
cal area? In  the pa st the se quest ions have been le f t  unanswered in 
of f ic i a l  documents and hence subj ec t to v i r tua l ly innumerable i nter ­
pre tat ions . As Table 3 . 1  shows , success in  erad icat ion in  the past 
has only been obta ined for a l imi ted t ime and in l imited areas for 
other i nsec t pests in the Un i ted State s .  I f  both the t imespan and 
a rea of  erad ica t ion are nar rowly de f i ned , the se eradicat ion e f for ts 
can be termed succe ssfu l .  Bu t if broader de f i n i t ions are used-- for 
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example , eradicat ion for a decade th roughout the Un i ted States--very 
few of the erad icat ion progr ams shown in  the table have been 
successfu l .  

Er ad icat ion o f  a spec i f ic pest from a spec i f ic area i s  l i k e ly to 
be the most e f fect ive and e f f ic ient str a tegy on ly when an e f fect ive 
and economica l erad ication techn ique i s  ava i lable and when the pest 
in quest ion i s  not wide ly d i str ibuted . Thi s  i s  of ten the case i f  the 
pe st has r ecen t ly invaded an area and ha s a l imi ted hab i tat . Other ­
wise , i t  makes sen se from an ecolog ica l standpoint to approach the 
task of erad icat ion caut iously . 

Because the suggested plan to erad icate the bo l l  weev i l  tended 
to pola r i z e  proponents and opponents of the pla n , USDA dec ided in  
19 7 7  to conduc t two k i nd s  of tr ials . One was the Bol l  Weevi l  Eradi­
cation (BWE) tria l ,  to be conduc ted in ad j acent areas of  Nor th Caro­
l ina and Virg inia , and designed to wipe ou t the i nsect comple te ly . 
The o ther was the Opt imum Pest Management (OPM) t r i a l  in Mi ssiss ippi , 
des igned to de term ine whe ther i t  was possible to hold boll weev i l  
populat ions be low leve ls that are economica l ly harmfu l to cotton 
grower s .  The BWE and OPM t r i a l s  are descr i bed in some deta i l  in the 
next chapter . 
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4 .  DESCRI PTION OF THE OPM AND BWE TRIALS 
AND OPT IONS FOR FUTURE PEST MANAGEMENT 

The Optimum Pe s t  Management (OPM) tr i a l  a nd the Boll Weevi l 
Erad icat ion (BWE) tria l were both i n i t ia ted i n  19 7 8  to te st i n  a 
re la t ive ly obj ect ive manner the sc ient i f ic and techn ica l advances made 
in the la st two decades in con tro l l i ng cotton i n sec t pe st s .  Both 
tr i a l s  e nded i n  19 80 . Th i s  chapter descr ibes the ma j or components of 
the f i e ld t r i a l s  and a l ter nate pest con trol s tr ateg ie s for u se i n  the 
Cot ton Be lt . The reader is r e fer red to the USDA repor ts l i sted i n  
Append i x  B for the deta i led results of the f i e ld tr i a l s .  

THE OPM TRIAL 

The obj ect of the OPM t r i a l wa s to test the fea s i b i l i ty and 
e f fect ive ne ss of an a re awide cot ton i n sect manag ement program tha t 
wou ld keep cot ton i n sec ts--pa r t icu la r ly the bo l l  weev i l--be low the 
popu la t ion leve ls a t  wh ich they cau se economic loss to cot ton grow­
er s .  The t r i a l  wa s car r ied out ove r a th ree year pe r iod on over 
30 , 000  ac re s of cotton in Panola county in nor thwestern Mi s s i s s i ppi . 
The ma jor compone n t s  of the OPM t r i a l  were these : 

• the u se of traps ba i ted w i th the pheromone g r a nd lure to 
mon i tor the s i ze and extent of the bo l l  weevi l popu la t ion ; 

• urg ing cot ton grower s to plant cot ton w i th i n  cer t a i n  recom­
mended da te s ;  

• prov i d i ng recommenda t ions to g rower s on when to apply pinhead 
squa r e  appl icat ions of insectic ide s ,  as determined by scou t i ng 
of the cotton f i elds for boll weev i ls a nd othe r pe sts by 
commerc i a l  consu l ta n t s , employee s  of grower a ssoc i a t ion s ,  and 
exten s ion service employees ; 

• fu l l  re imbur seme nt of the co sts i ncur red by g rower s who 
car r i ed out the p i nhead squa re appl icat ion s  o f  insec t ic ides ; 
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• u rg i ng cot ton grower s to follow extens ion serv ice r ecommenda­
t ions for in-season control of the boll weev i l and other 
cotton i n sec t pests ; 

• urg i ng g r ower s to destroy cotton plan t s t a l k s  a s  soon a s  
the i r  cotton wa s harve s ted ; 

• f u l l  re imbur sement o f  the cos t s  i ncur red by g rower s who made 
insec t ic ide appl ica t ions at the end of the sea son to e l im i ­
n a t e  boll weevi ls enter i ng d iapa u se ; and 

• deve lopi ng a sy stem to ve r i fy both pinhead and d i apau se 
appl ica t ions of i n sec t i c ides before r e imbur s i ng cot ton 
g rower s .  

I n  order to determ i ne the succe ss o f  the OPM tr i a l  i n  Panola 
County , the re su l t s  o f  the tr ia l there wer e  compared w i th the re sults 
ach i eved through cur rent i n sec t con trol mea sure s on a s im i lar area in  
Pontotoc Cou n ty , which l ie s  to the east of Panola and i s  sepa r ated 
from it by La faye t te County . 

The OPM tr i a l  wa s appr a i sed a biolog ical a nd techn ical succe ss 
by the USDA ' s Ove r a l l  Eva lua t ion Team ( Economics and S t a t i st ics 
Ser vi ce 19 8la ) • They based the i r  conc l u s ions on two ma i n  po i n t s .  

• FOur l a te sea son appl ica t ions of i n sect ic ide treatmen t s  u sed 
in 19 7 8  a nd 1 9 7 9  r educed numbe r s  of bo l l  weev i ls taken i n  
tr aps d u r i ng 19 7 9  a nd 1980 by 7 8  a n d  9 4  pe rcent ,  re spec­
t ive ly , compa red w i th trap catche s in a cur rent I n sec t 
con tro l (C I C )  area i n  Pontotoc County . Ther e  was no need for 
in-season appl icat ion of insec t ic ides for con trol of the boll 
weevi l ,  a nd the numbe r needed to con trol bollworms and bud­
worms dec l i ned . 

• A h igh percen tage of the cotton acreage wa s i nc luded i n  f a l l  
d i apau se programs t o  e l imina te a r e a s  for r e i n festa t io n . In 
19 7 8 ,  1 9 7 9 , and 1 9 8 0 , cot ton pr oducer s par t ic ipa ted a t  the 
r a te of 9 8 . 7  pe rcent , 9 9 . 6  perce n t , a nd 9 9 . 7  pe rcent , 
re spec t ive ly . 

THE BWE TRI AL 

The obj ec t  of the BWE t r i a l  wa s to te st the fea s i b i l i ty of 
eradica t i ng an e s tabl i shed boll weevi l popu lat ion from a cotton­
g rowi ng a rea in easter n Nor th Caro l ina and Vi rg i n i a  tha t has been 
i nfested by the bo l l  weev i l s i nce 19 22 .  The cot ton acreage i nvo lved 
in the t r i a l i ncrea sed from about 1 5 , 5 0 0  acre s in 19 7 8  to 32 , 5 0 0  
acr e s  i n  19 80 . An eva luat ion zone wa s e stabl i shed i n  the t e s t  area , 
extens ive mon i tor i ng to determ i ne the s i ze and e x tent of the boll 
weev i l popu lat ion was car r i ed out w i th phe romone tr aps , and a bu f fer 
zone sur rounded the tr i a l  area . 
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In  order t o  e s ta b l i sh the proper state reg u la tory au thor i ty for 
the tr i a l , and to e s tabl i sh procedur e s  to mea sur e  cotton grower 
s uppor t for i t ,  the leg i slatures of both Nor th Ca rolina and Virg inia 
e nac ted leg i s la t ion ent i t led the un i form Boll Weev i l Eradicat ion 
Ac t . Under au thor i ty of th i s  leg i sla t ion , each state e stablished 
r e g u la t ions to de f ine the geograph i ca l  area of the tr ia l ,  to mon i tor 
a nd regu late the moveme n t  of c e r t a i n  a r t ic les in or through the tr ial 
area , to e stab l i sh a sys tem for record ing the reg i stered number of 
acres pla nted in cot ton by cot ton growe r s ,  and to pe r m i t  the col lec­
t ion of fund s .  

Pr i or to the adop t ion of the f ina l s ta te regulat ions and the 
appropr iat ion of state fund s  to pay for 25 percent of the cost of the 
tr i a l , a statewide r e fer endum of cotton g rower s was conduc ted to 
measu r e  g rower suppor t for the tr ia l .  In December 1976 , grower s i n  
Nor th Caro l i na a f f i rmed , th rough a re ferendum ,  the i r  approva l  for the 
t r i a l  to be conduc ted and to pay SO percent of the cos t s . Approval 
for the tr i a l  in  Vi rg in i a  wa s obta i ned through a publ ic hear i ng .  

The maj or componen t s  o f  the BWE tr i a l  car r i ed out by APH I S  wer e : 

• the u se of pheromone-ba i ted traps loca ted around every cotton 
f ield , 

• in-season cot ton pest contro l ,  

• d i apau se con trol fol lowing terminat ion o f  cot ton crop , 

• de fol i a t ion or desiccat ion o f  a l l  cotton to ha sten harve s t  
opera t ion s or to reduce the bo l l  weevi l food a n d  breed i ng 
s i tes , 

• ster i le bo l l  weev i ls d i str i bu ted over entire cot ton crop , and 

• four fo l i ar sprays of d i fluben z uron i n  se lec ted area s .  

The BWE tr i a l  wa s cons idered a biolog ica l a s  we l l  a s  a techn ica l 
succes s  by USDA ' s  Over a l l  Evalua t ion Team ( Economics and S ta t i stics 
Se r v i ce l9 8la) . They ba sed the ir conc l u s ions on two ma in points . 

• • • • •  no i nfestat ions of weevi l s  were de tec ted in  the eva lua­
t ion area be tween Oc tober 1 9 7 8  and September 1 9 8 0  • • • •  
Rev iew and ana lys i s  o f  relat ive data ind ica ted tha t the bo l l  
weev i l s  found i n  the eva luat ion a r e a  a f ter June 1979 were 
' re i n troduced ' we ev i l s ,  ther e for e , ' na t ive ' boll weev i l s  were 
erad ica ted from the eva luat ion area . •  

• •overa l l , in  the No r th Ca rolina BWE t r ia l , the aver age number 
of insec t ic ide appl icat ions decre a sed in the eva luat ion area 
a nd in  the a s soc i a ted Cur ren t In sec t Control (CI C )  a rea i n  
Nor th Car o l ina by 8 8  percent and 2 5  percent , r e spec t ive ly , a s  
compa red w i th the 19 7 4- 1 9 7 7  pre tr i a l  ave r age s . •  
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ALTERNATE PEST CONTROL STRATEGI ES FOR USE IN THE CO'l'TON BELT 

One opt ion for dea l i ng wi th cotton i n sec t pests throughou t the 
Cot ton Be l t  in the future wou ld be s imply to cont inue to use cur rent 
i nsec t contro l (C IC) . C I C  i nc ludes a ll of the var ious pr act ices 
d i scussed in Ch apter 2-- i n sec t ic ide s ,  u se of shor t-season var i e t ie s ,  
use o f  cotton plant s  w i th natur a l  host plant r e s i stance to var ious 
i n sec t pe s t s , tr ap cropp i ng , and so on--a s they are u sed by i nd iv id­
ual cot ton g rower s .  As t ime has gone on , however ,  C IC has tended to 
merge into so-ca l led I n tegrated Pest Manageme n t , or I PM ,  progr ams .  
I �  progr ams vary among the state s ,  bu t the i r  gener a l  object ive i s  to 
recommend and demon s tr a te to i nd iv idua l grower s the economic advan­
tages of scout i ng the ir f ie ld s  for pe s t s  a nd fol lowi ng insec t manage­
ment prac t ice s recommended e i ther by state coope r a t ive extens ion 
ser vices or grower cooper a t ive s .  I PM  progr ams a r e  voluntary a f for t s ,  
and i nd ividua l grower s a r e  free to dea l w i th the i r  pe s t  problems a s  
they see f i t .  

I t  shou ld be noted here tha t no comprehens ive eva luat ion o f  the 
impac t of C IC or of I PM  progr ams on the env i ronment has ever been 
a t tempted , and i t  wou ld seem c lear tha t  an environmental a s se s smen t  
wou ld b e  nece ssary a s  pa r t  o f  a n y  a t tempt t o  a s sess the fea s i bi l i ty 
of a lter nat ive cot ton i n sect contro l  progr ams . 

In add i t ion to C IC the USDA has l i sted seve r a l  mod i f ica t ion s of 
OPM a nd BWE progr ams for i mplementa t ion be ltwide . The de f i n i t ion s 
for the se d i f ferent be l twide boll weevi l/insect management programs 
are g iven in Append ix A .  

O PM  Opt ions 

One OPM opt ion tha t might be u sed in the future throughout the 
Cotton Be l t  would be e s sent i a l ly to use the OPM progr am te sted in  
Mi s s i s si pp i  throughout the be lt . Such a progr am , whose pr i nc ipa l 
th r u s t  i s  to g ive cot ton grower s an i ncen t ive to comply by r e imbu r s ­
ing them f u l ly for the costs they i ncur i n  car ry ing out insec t ic ide 
appl ica t ions when recommended , is often r e fer red to as OPM- I , or 
Opt imum Pest Management w i th I ncen t ive s .  

Ano ther OPM opt ion i s  called Mod i f i ed Opt imum Pe s t  Manageme n t  
(MOPM) . MO PM  wou ld b e  u sed i n  a r e a s  where the applicat ion of insect­
ic ide s a t the end of the sea son j u s t  pr ior to boll weev i l  d iapause 
cou ld not be implemented or appeared not to be needed . MOPM wou ld 
use , i f  appl icable , a l l  the o ther pr ac t ice s te sted i n  the Miss i s s ippi 
tr i al .  

Two o ther var i a t ions o f  OPM are c a l led OPM-PI and OPM-NI . I f 
the OPM-PI ( Opt imum Pe s t  Management , Pha sed I nce n t ive s )  progr am was 
cho sen , the f i na nc i a l  i ncent ive s to cot ton g r owe r s  wou ld beg i n  a t  100 
perce n t  re imbur seme n t  o f  i n sec t i c ide costs and wou ld be r educed to 
zero over a per iod of four year s .  OPM-NI (Opt imum Pest Ma nagement , 
No Incent ive s )  wou ld be j u st wha t tha t impl ie s .  Growe r s  wou ld 
rece ive no r e imbur sement for insec t ic ide appl icat ions , bu t a l l  the 
o ther e leme n t s  of the Mi ss i ss ippi tr i a l  wou ld be pr e sent ,  i f  
appl icable . 
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A f i na l  var i a t ion i s  ca lled OPM-NI -BWE , or Opt imum Pe s t  Manage­
ment w i th Bo l l  Weev i l  Er ad ica t ion . An OPM-NI -BWE program wou ld last 
for four year s ,  a nd the ch i e f  character i s t ic s  would be a s  follows : 

F i r s t  year : cotton growe r s  wou ld be g iven i n format ion and 
educa t ion on cotton i n sec t pe s t  management a nd e ncou raged to fol low 
recommended control pr ac t ices . 

Second year : cot ton g rowe r s  wou ld be r e spons ible for i n-season 
con tro l  of a l l  i n sec t s ,  i nclud i ng the bo l l  weev i l .  USDA ' s  APH IS 
wou ld be re spons i ble for re lea s i ng ster i le bo l l  weev i l s  a nd beg i n n i ng 
i n  ear ly September (depend i ng on the wea ther and the a r e a ) , APH IS 
wou ld car ry out be tween 5 a nd 10 d iapau se i n sect ic ide applica t ions ,  
u s i ng recommended i n sec t ic ide s .  

Th i r d  year : APHI S  wou ld mon i tor and be r e spons i ble for con trol­
l i ng boll weevi l i n fe s t a t ion s ,  wh i le cotton growe r s  wou ld be u rged to 
fol low recommended procedur e s  to con trol othe r cot ton i n sec t pe s t s . 

Four th yea r ( and subsequent yea r s ) : MOPM pract ices wou ld be 
car r i ed out to control othe r cot ton i n sec t pe sts i n  a weev i l-free 
env i ronme n t ;  federa l  and sta te regu latory age nc i e s  wou ld be r e spon s i ­
ble for rout i ne mon i tor i ng of weev i l-free a r e a s  a nd control o f  i nc ip­
ien t weev i l i nfe sta t ion s .  The MOPM prog r am wou ld prov ide growe r s  
w i th i nformat ion o n  how t o  control the cot ton pe sts othe r than the 
boll weevi l .  

The BWE Opt ion 

The BWE opt ion wou ld be a be ltw ide progr am car r ied out by agen­
c ies of USDA and des igned to erad i ca te the boll weev i l from the 
Un i ted Sta te s .  Th i s  erad ica t ion e f for t wou ld beg i n  in the eastern 
end o f  the Cot ton Be lt a nd proceed we s t  through e ight other zone s 
over a pe r i od o f  th ree year s .  At the end of tha t per iod a buffer 
zone wou ld be se t up be tween the Un i ted States a nd Mexico to preven t 
r e i nfe sta t ion from tha t cou n try . Pheromone tr aps wou ld be u sed to 
de tec t a ny re infesta t ion s o f  the bo l l  weevi l tha t requ ired e r ad ica­
t io n . The pr i nc i pa l ac t iv i t i e s  under the progr am wou ld be as fol lows : 

Fi r st year : a l l  appl icat ions o f  insec t ic ides throughou t  the 
grow i ng yea r  wou ld be car r ied ou t by APH I S , fol lowing state agency 
recommenda t ions . 

Second year : APH IS wou ld be r e spons i ble for a l l  i nsec t ic ide 
treatments i ntended to erad ica te the bo l l  weev i l ,  and the d i str ibu­
t ion o f  s ter i le ma le boll weev i l s  over all land s  plan ted in  cot ton ; 
cot ton grower s themse lves wou ld be r e spons i ble for con troll i ng a l l  
cot ton i nsec t pests other than the bo l l  weev i l ,  a s  wel l  a s  for 
des troy i ng cot ton plan t  sta l k s  a f ter har ve s t i ng ; growe r s  wou ld be 
urg ed to fol low recommenda t ions of coope r a t ive extens ion ser v i ces on 
dea l i ng w i th o ther co tton i n sec t pe s t s . 

Th i rd year : APHIS wou ld be r e spons ible for mon i tor i ng a nd 
con tro l l i ng i nc ip i e n t  bo l l  weev i l  i n fe s ta t ion s ; cot ton grower s wou ld 
aga i n  be urged to carry out measu r e s  aga i ns t  other cotton i nsec t 
pe s t s  a s  recommended by state agr icu ltur a l  extension service s . 
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The u se o f  pheromone tr aps dur i ng the be ltw ide erad ica t ion 
progr am wou ld i nc lude : 

Pr e - Implementat ion Survey . One trap per acre ( a  min imum of one 
per f ie ld )  wou ld be i n sta l led from about Aug u s t  to Novembe r .  The se 
tr aps wou ld ident i fy the poten t i a l  seve r i ty o f  the weev i l  problem a nd 
pi npo i n t  trouble spot s .  Diapa u se trea tments wou ld be i n i t ia ted i f  
the tr aps i nd ica ted tha t  weev i l  popu la t ions were excess ive . 

Use o f  Tr aps Du r i ng Implementa t ion . 

• Spr i ng tr apping . One pheromone trap per acre wou ld be p laced 
at cotton f i e ld s  of the previou s season a nd would be o r iented 
toward h i be r na t ion s i tes . The tr aps wou ld be i ns t a l led abou t 
one month be for e plant i ng u nt i l  cotton began to f lowe r , a 
per i od  of abou t three month s d u r i ng wh ich newly plan ted 
f i e ld s  wou ld be loca ted and mapped . Insec t i c ide appl ica t ions 
wou ld be on an • a s-needed • ba si s as shown by trap ca tche s .  

• In-sea son tr app i ng . FO l low i ng the spr i ng trapping and 
insect ic ide appl ica t ions , i f  needed , ster i le ma le s  wou ld be 
dropped for abou t 4 week s  a t  about the 6- to 8-le a f  stage of 
growth . Traps wou ld be re i n s ta l led a t  the r a te o f  one per 
a cre , but th i s  t ime they wou ld be insta l led in-f ie ld . 

• Fa l l  trap survey . As cot ton plants began to ma tur e , phe ro­
mone tr aps wou ld aga in be in sta l led a round f i e ld border s .  
Tr ap ca tche s wou ld ind ica te the need for d i apau se i n sectic ide 
applicat ion s .  

Post-Program Mon i tor i ng .  I f  the tr aps i nd ica ted tha t  the weev i l  
popu lat ion i n  a n  a rea had been e l imina ted , the a rea wou ld be a s s igned 
to the mon i tor i ng u n i t  on abou t  July 1 .  Traps would be insta l led i n  
the spr i ng for th ree month s  a round cot ton f i e ld s  of the previous 
season and i n  the fa l l  for three month s a round current cotton f i e ld s .  

Dur i ng the mon i tor i ng per iod the t r ap densi t ie s  wou ld be : 

• Fi r st year : one per 1 0  acr e s  

• Second year : one per 5 0  acres 

• Third year : one per 20 0  acr e s  

I f  bo l l  weev i l s  we r e  captu red a t  a ny t ime dur i ng th i s  per iod , 
tr ap dens i ty wou ld be increased to one per acre in  a zone of one to 
two m i le s  a round the detect ion point or area . 
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5. APPRA I SAL OF THE OPM AND BWE TRI ALS 
AND PLANS FOR THE IR BELTWI DE APPLICATION 

I NTRODUCTION 

The OPM and BWE tr i a l s  wer e  large-scale demon str a t ion s ,  a nd 
severa l con s tr a i n t s  made i t  impos s i ble to plan them sc ient i f ica l ly . 
In  the case o f  the BWE t r i a l ,  one con s t r a i n t  wa s the need for a large 
buf fer zone that su f f icien t ly i sola ted the t r i a l  a re a  from other 
weevi l-i nfe sted area s .  Otherw i se , suppr e s s ion o f  the popu lat ion i n  
the tr i a l  area cou ld b e  obscured by i n-migr a t ion from a non-tr i a l  
area . I t  wa s th i s  con str a i n t  tha t led to the se lec t ion of area s in 
Nor th Ca ro l i na a nd V i rg i n i a  for the BWE tr i a l .  As a r e s u l t , the BWE 
tr i a l  wa s conducted i n  areas wher e  the boll weev i l  popu lat ion wa s a t  
a very low dens i ty .  The need f o r  a large-sc a le buf fer zone a lso 
re sulted i n  cos t con s t r a i n t s  tha t  l imi ted eradicat ion to a s i ng le 
tr i a l .  Th i s  unrepl ica ted tr i a l  i n  an a r e a  untypica l of the Co t ton 
Be l t  a s  a who le pr evented a ny stat i s t ica l ana ly s i s  of the BWE tr ia l ' s  
be l twide fea s i b i l i ty .  The OPM tr i a l  wa s a l so unrepl ica ted and so 
l imi ted i n  s i ze tha t  i n -migrat ion of bo l l  weev i l s  from adj acen t  area s 
wa s c lear ly de tec ted . 

There were two cr i ter i a  u sed by the USDA for succe ss i n  the OPM 
and BWE t r i a l s  ( USDA 19 8lb) : 

( 1 ) Demon s tr a te proof o f  the b iolog ical success , envi ronmental 
acceptabi l i ty ,  and economic fea s i b i l i ty o f  each me thod J 

( 2 ) Supply a data ba se for ma k i ng j udgment s  on the fea s i b i l i ty 
o f  be ltw ide implementat ion . 

A re l i able test o f  the success o f  the BWE tr i a l s  depended on the 
estab l i shment of sta t i st ica l ly acceptable con f ide nce i n terva l s  for 
two fac tor s :  ( a )  pheromone tr ap e f f ic iency , and ( b )  log r a te of 
popu la t ion growth for the bo l l  weev i l .  S i nce a n  erad icat ion program , 
by d e f i n i t ion , dea l s  w i th popu lat ions dr ive n to the verge of e x t i nc­
t ion r a ther tha n  w i th popu lat ion s in norma l range s ,  the va lue s 
obt a i ned for both of the se fac tor s may have been qu i te d i f ferent than 
they would have been for norma l popu la t ion s .  I f both o f  the se fac­
tor s are known , a t  a ny r a te ,  the trap den s i ty needed to a ssure de tec­
t ion of any sur v i v i ng weev i l s  can be calculated . 
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There wer e  th ree possi ble ou tcome s for the BWE tr ia l :  
( 1) a mea surable number o f  bo l l  weev i l s  a f ter the tr i a l  per iod 

ended wou ld mea n  tha t e r ad icat ion had fa i led ; 
( 2 ) no detectable weev i ls i n  the tr i a l  area wou ld mean tha t 

erad ica t ion wa s succes sf u l  a t  a g iven detec t ion leve l ;  
( 3 )  detec t ion o f  low number s o f  bo ll weev i ls cou ld mean e i ther 

an in-m i g ra t ion o f  weev i l s  to the te st area or low leve ls of unerad i ­
ca ted weev i ls i n  the t e s t  a rea wi th a low r a te of popu lat ion i ncr e a se . 

The USDA ' s biolog ica l eva luat ion team r epor t ( SEA 19 8 1 )  d i d  not 
g ive th i s  last poss i b i l i ty the same degree o f  cons i der a t ion as i n­
migr a t ion . 

As for the OPM tr i a l ,  ther e  were many uncontrol led var i a ble s 
tha t make i t  d i f f ic u l t  to ana lyze the tr i a l ' s  succe s s .  Ther e  we re 
i nherent d i f ferences i n  the wea ther and the fer t i li ty of the f ie lds 
i n  Fano la a nd Pontotoc coun t ie s .  There wer e  a l so d i f ferences i n  the 
number s of secondary i n sec t pests (e . g . , more tar n i shed plant bug s i n  
Pon totoc i n  19 7 9 ) . Late-sea son bene f ic i a l  i n sec t s  tended to be 
higher i n  Pontotoc , and there we re d i f ferences i n  the amoun t s  a nd 
k ind s o f  i n sec t ic ide s u sed i n  the two coun t ie s .  In-season spr ay i ng 
ag a inst He lioth i s ,  for e xample , wa s h igher i n  Panola . 

As or ig i na l ly env i s ioned , the BWE t r i a l  wou ld have used ster i le 
male bo l l  weev i ls as the keystone o f  the e r a d ica t ion proce ss . Bu t 
the deve lopme n t  of me thod s to produce la rge number s of h ighly 
compe t i t ive , f u l ly ster i le boll weevi ls has proved to be a h ighly 
i n t r ac table prob lem . The r e  is no ev idence tha t  ster i le bol l weev i l s  
contr i bu ted s i gn i f icantly t o  popu lat ion suppr e ss ion i n  the BWE tr i a l .  
Fu r thermore , some USDA sc ient i s t s  have even sugge sted tha t insec t i­
c ides ( a  densi ty- i ndependent mor ta l i ty factor ) can serve as a substi­
tute for ste r i le ma le s ( a  den s i ty-dependen t  mo r ta l i ty fac tor ) .  

Two year s o f  surve i llance w i thou t a s i ng le f ind r a i se s  the 
probabi l i ty of bo l l  weev i l e r ad ica t ion in No r th Ca rol i na ' s  Chowan 
county , wh i ch wa s  pa r t  o f  the BWE tr i a l  area ( SEA 19 8 1 ) . Two a r g u­
ment s  can be made aga i n s t  tha t probabi l i ty :  ( l )  non-detection doe s 
not necessar i ly mean ex t i nc t ion , and ( 2 )  some ear l ier c la ims abou t 
the erad ica t ion o f  c e r ta i n  i n sec t s  have been erroneou s ,  s i nce re l ic t  
popu lat ions were found year s la ter (Mich igan Depar tment of  Ag r i c u l­
ture 196 5 ,  NRC 19 6 9 ,  Wa l lner 19 7 4 ) . Unt i l  a cons iderable per iod of 
t ime ha s e lapsed , there fore , erad icat ion cannot be demonstr a ted w i th 
rea sonable c e r ta i n ty . The si tua t ion i n  Chowan County i s  be s t  
de scr i bed a s  a two-year non-de tec table weevi l popu la t ion a t  1 phe ro­
mone tr ap per acr e mon i tor i ng den s i ty . A de scr ipt ion o f  the s i tua­
t ion i n  the other count ies of the erad icat ion zone wou ld be one 
weevi l  per 10 thou sand acres of cotton detectable at l pheromone trap 
per acre mon i tor i ng den s i ty .  

S i nce Nor th Caro l ina and Vi rg i n i a  a r e  a t  the nor the r n  l im i t  of  
the bol l weevi l ' s  r a nge a nd weevi l popu la t ions i n  the tr i a l  zone had 
been reduced to extreme ly low leve ls by two unu sua l ly cold w i n ter s 
immed i a te ly be fore the t r i a l ,  i t  wou ld be expec ted tha t the APH IS 
prog r am wou ld r educe bol l  weev i l  popu la t ion s more r ap idly i n  Nor th 
Caro l i na and Virg i n i a  than cou ld be ant ic i pa ted e l sewhe re i n  a be lt­
w ide program.  A mor e  v igorous progr am o f  popu la t ion suppr e s s ion 
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wou ld b e  needed i n  o ther a rea s o f  the Cot ton Be l t  whe r e  much larger 
popu la t ions o f  the boll weev i l  are entrenched in a more favorable 
c l ima t e . A more reasonable a sse ssment o f  the BWE tr i a l  i s  tha t an 
intens ive progr am o f  th ree year s '  dura t ion fol lowed by two year s of 
intens ive mon i tor i ng wou ld be the min imum needed to r educe the popu­
lat ion to a non-de tectable leve l th roughout the Cotton Be l t .  

Be l tw ide plan s  mu s t  take i n to accoun t  the subtle i n te r ac t ions of 
mu lt iple factor s ,  and the chances for e r ror in  e x tr apola t i ng from the 
tr i a l  area to be ltwide a r e  obviou s .  I n order to dec ide wh ich progr am 
to adopt , the e s t ima te of be ne f i ts shou ld s i gn i f ican t ly exceed any 
ma rg i n  o f  er ror i n  ma k i ng the se e st ima te s .  

S i nce the OPM a nd BWE tr i a ls were unreplica ted demonstr a t ions , 
lacked su i table con trol s ,  and involved uncon trol lable va r iable s ,  the 
sc ient i f ic knowledge necessary to determ i ne the i r  degree o f  succe ss 
or fa i lure is l im i ted . Any assessment of the i r  va lue or ex trapo la­
t ion from them is a ma t ter of i nd ividua l  j udgmen t .  

B IOLOG ICAL CONS I DERAT IONS 

The Comm i ttee has eva lua ted the USDA biolog ical eva lua t ion 
team ' s  repor t and commend s i t s  member s for a j ob we l l  done , g iven the 
constr a ints imposed . The shor tcom i ng s  of the r epor t r e s u l t  from the 
de s ign of the tr ia l s , wh ich d id no t prov ide the nece ssa ry data from 
wh i ch to d r aw conc l u s ions appl icable to the e n t i r e  Cot ton Be lt . 
The se shor tcom i ng s  g ive r i se to ma jor a re a s  o f  concer n ,  wh i ch are 
d i sc ussed be low . 

Homogene i ty of Er adicat ion Tr i a l  ve r sus Heterogene i ty o f  Co t ton Be lt 

Cot ton i s  grown ove r a wide r a ng e  of so i l  and c l ima t i c  cond i­
t ions , and is a ttacked by a wide va r i ety of insects . Thu s ,  no one 
group of pe s t  con trol pr ac t ice s can be r ecommended for a l l  cot ton­
growing area s .  

A ma jor pur pose o f  the e r ad ica t ion tr i a l  i n  Nor th Ca rol ina wa s 
the need for i n forma tion to eva luate the biolog ica l impl icat ion s of a 
boll weev i l e r ad ic a t ion a t tempt . We found tha t the BWE tr i a l  had 
prov ided insu f f ic ien t d a ta and i n forma t ion to r e solve sever a l  s ign i f­
icant i ssue s .  The tr i a l  d id not prov ide informat ion use f u l  for bol l  
weevi l erad icat ion th roughou t the Cot ton Be l t , nor wa s i t  des igned to 
do so . We d i scuss here the subj ect s  on wh ich l i t t le or no informa­
t ion ex i s t s  and the resea rch tha t shou ld be unde rtaken on the se 
subj ec t s .  

The e r ad icat ion tr i a l  wa s conduc ted i n  a r e la t ive ly homogeneous 
envi ronmen t ,  in con t r a s t  to the heterogeneous env ironme n t  of the 
entire Co t ton Be l t . Th i s  he terog ene i ty extends to the bo l l  weevi l 
i t se l f . Hence , one impor tant que st ion i s ,  How wou ld the boll weev i l  
re spond t o  a un i form eradica t ion e f for t , a s  proposed in the BWE 
plan ?  Th i s  que s t ion lead s to more spec i f ic concer ns : 
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• The bo l l  weev i l  popu la t ion i n  t h e  B WE  tr i a l  area wa s at  a 
record low . Thu s ,  i t  m ight normally take a year long e r  to 
reduce average boll weev i l  popu l a t ions to the leve l ach ieved 
in the tr i a l .  At the very lea st , ther e fore , the cost e s t i­
ma te s for a be ltwide BWE progr am should be increased by the 
costs of one add i t iona l yea r . 

• The e ffec t  of c l ima t ic cond i t ion s on bol l  weev i l  popu la t ions 
var i e s  across the be lt . WOuld the se d i f ference s a f fec t the 
eradicat ion progr am? 

• Do a l l  weev i l popu la t ions r e spond in the same way to phe ro­
mone tr aps ?  Is the pheromone tr ap equa lly e f f ic ient in  a l l  
o f  the m icrocl imates tha t  would b e  i ncluded i n  the be ltwide 
eradicat ion prog ram? Exper ience w i th o the r pheromone trap s ,  
such a s  those deve loped for the European corn borer , ha s 
shown tha t i n sec t popu lat ion s can vary wide ly in the i r  res­
ponse to a g iven syn the t ic phe romone . 

• WOu ld bo l l  weevi l populat ion s re spond equa l ly to the same 
amount of i nsec t ic ide , or do they posse s s  vary ing leve ls of 
re s i sta nce due to d i f ferences in  pr evious exposur e  to i n sect­
ic ides? 

Environmenta l d i f ferences across the Cot ton Be lt may a l so 
substant i a l ly i n flue nce the success of an e r ad icat ion e f for t .  Al­
though insec t complexes vary substa n t i a l ly across the be lt , reg iona l 
d i fference s in  rai nfa l l  and othe r c l ima t ic fac tor s  have bee n even 
more impor tant in  deter m i n i ng the be st me thods of manag ing cot ton 
insec t s .  WOu ld not the se same d i f ference s i n f lue nce the e f fec t ive­
ness of a uni form ly appl ied erad icat ion e f for t ?  D i f ferences i n  
tempe r a t ure and humid i ty may i n fluence the e f fect ivene ss of tr aps and 
insec t ic ide s a s  we l l  a s  the behavior and r eprod uc t ive poten t i a l  of 
the weevi l .  It i s  alre ady known tha t d i f ference s in the amount of 
su i table overwinter i ng hab i ta t , so i l  cond i t ion s ,  and cropp ing pat­
terns i nflue nce insec t manageme n t  pr ac t ice s .  

I n  Texa s ,  for e xample , d iapa u se con tro l ha s proved e f fect ive i n  
suppre ss i ng we ev i l  popu la t ions i n  we s t  Texa s ,  but d iapause progr ams 
on a le sser sca le i n  sou th Texa s have met w i th limi ted succe ss 
( Rumme l and Fr i sbie 19 7 8 ) . The env i ronmental cha racter i st i c s  of 
sou th Texa s--mi ld wi nter s and abundant overwi nter ing hab i t a ts--are 
more favorable for overw i nter ing weev i l s  than the ha r she r cond i t ions 
of we st Texas . S i nce the south Texas envi ronment i s  not unl i ke tha t  
i n  o ther sou ther n co tton-produc ing a r ea s ,  the ef fect ivene ss o f  d ia­
pa u se insec t ic ide appl ica t ion s  a s  a compone n t  of the eradica t ion 
prog r am seems deba table . The BWE tr i a l  d id not offer the opportun i ty 
to eva lua te th i s  poten t ia l  pr ob lem . 

Dif ferent cot ton var ie t i e s  are planted across the cotton Be l t ,  
but no measure of how the se var i eta l d i f fer ences might inf luence the 
e f fect ivene s s  of a n erad ica t ion ef for t i s  in hand . Var i at ions in  
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plant i ng and har ve s t i ng date s ,  sta l k  de s tr uct ion , and other c u l t iva­
t ion pr ac t ices a l so m igh t i n f luence the ou tcome of the erad ica t ion 
program . 

Another problem i s  tha t the re a r e  host pla n t s  o ther than cot ton 
in the Un i ted Sta te s tha t can su s ta i n  bo l l  weev i l  popu la t ion s ( SEA 
19 81 ) . One of the se i s  C i e fuegos ia dr ummond i ,  a w i ld hos t  found i n  
the Coasta l  Bend reg ion o f  Texa s ,  and ano ther i s  H i b i scu s .  I n  add i ­
t ion , seve r a l  ma lvaceou s plan ts l i sted a s  poten t i a l  hos t s  occu r  i n  
sou ther n Flor ida , a l though the se a r e  pr e s umed to b e  too fa r from 
pre sent cot ton-growing a r e a s  to pr e sent much of a problem . There i s  
a l so the poss i b i l i ty tha t  cotton plan t s  i n  u r ban a rea s grown a s  
c ur i os i t ie s  o r  or nament a l s  cou ld har bor low boll weev i l popu la t ion s ,  
a s  could cot ton plants grow i ng a long roadways or o the r s i te s  where 
seed s wer e los t  from f a rm equ i pment . Any a l ter nat ive host spec ies 
mu s t  be ca refully eva lua ted and , if  found , the sou rce s or the weev i l s 
e l imina ted . 

Anothe r th i ng that shou ld be ment ioned i s  tha t a larg e a r r ay of 
pest con trol pr ac t ice s are cur rently u sed th roughout the be l t . If an 
er a d icat ion program replaced the se cur rent pr actices , the r e sponse of 
insec t spec i e s  o ther than the boll weev i l cou ld vary . Some might 
chang e  from non-pe st or occas iona l pes t  to key-pe s t  status . Fur ther­
more , the se i n sec t spec i e s  might va ry from locat ion to locat ion i n  
the ir ab i l i ty t o  deve lop r e s i stance to i n sec t icide s .  

In  summa ry , con s ider able hete rogene i ty ex i s t s  across the Cotton 
Be l t i n  terms of the cotton i nsec t complex , env i ronmenta l cha r ac ter­
i st ic s ,  cot ton produc t ion pr ac t ice s ,  cur rent insect managemen t  prac­
t ices , and perhaps in bo l l  weev i l  popu la t ions as we l l .  The BWE tr i a l  
prov ided n o  i nforma t ion o n  how e f fec t ive i t s  techn ique s wou ld b e  i n  
dea l i ng w i th th i s  he terogene i ty .  

We have emph a s i zed he terogene i ty w i th r e spec t to an e r ad icat ion 
progr am because d i f ferences a t  near -zero i n sec t popu lat ion leve l s  are 
more impor tant than d i f ference s at norma l or managed popu l a t ion 
leve l s  such as wou ld occu r  under OPM . The erad ica t ion plan doe s not 
take i nto account the he terogene i ty descr ibed above , unl i ke programs 
now i n  u se . Fur the rmore , each state i n  the Cot ton Be l t  ha s now 
deve loped a mod i f icat ion of  the ba s ic OPM stra tegy to f i t  local 
cond i t ion s ( Economics a nd Stat i st ics Serv ice 19 8lc) . Although none 
of the sta tes ha s tested i t s  program on as large a sca le as the OPM 
t r ia l ,  they do have a plan wh ich a t tempts to dea l w i th he terogene i ty .  

Pheromone Tr aps 

As stated ear l i e r  i n  Chapter 2 ,  grandlure i s  e spec i a l ly useful 
i n  boll weev i l  de tect ion survey s and i n  pred i c t i ng the need for 
insec t ic ide appl ica t ion s .  Fu r ther r e sea rch may demonstr a te tha t  boll 
weev i ls emerg ing from d i apa u se i n  the spr i ng may be e f fect ive ly 
• tr apped-ou t •  w i th pheromone tr aps . 
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use o f  Traps i n  the OPM Tr i a l  

Pheromone tr aps were u sed i n  the OPM tr i a l  t o  prov ide e s t ima te s 
of bo l l  weevi l popu la t ion s . I n  the spr i ng and in the fa l l  one trap 
per 1 5  to 2 0 acr e s  wa s installed i n f ield and per i phe r a l ly th roughout 
a l l  the cot ton acre ag e  i n  Pano la Cou nty and i n  the fa l l  i n  near by 
Pontotoc County . Traps were inspected and ser v i ced wee k ly .  The d a ta 
on the number s o f  weevi l s  captured wer e e x t r apolated to g ive e s t i ­
ma te s o f  the number of boll weev i l s  pe r  acr e . The se ex trapolat ions 
we re ba sed upon ear l ie r  stud i e s  on the e f fect iveness of the tr aps . 
In  the O PM  tr i a l  the t r aps gave wa r n i ng of ove r w i n ter i ng weevi l s  
leaving d i apause i n  number s s u f f i c ient t o  requ i r e  i n sec t ic ide trea t­
ment i n  ear ly season . Est imate s of bol l  weev i l  popula t ion increases 
du r i ng the sea son we re a l so obta i ned th roug h  the u se of traps . 

Use of  Tr aps i n  the BWE Tr i a l  

Phe romone tr aps prov ided u se fu l  i n forma t ion d u r i ng severa l 
pha ses of the BWE t r ia l ,  thu s ma k i ng i t  poss i ble to determine boll 
weev i l popu la t ion leve ls to a degree of accuracy neve r be for e possi­
ble . Fur thermo r e , the i r  abi l i ty to capture weev i l s  a t  extreme ly low 
popu la t ion den s i t ies simpl i f ied the pr ogram , s i nce d a ta we re 
ava i lable to a ss i s t  in ma k i ng dec i s ion s .  Post-e r ad ica t ion mon i to r i ng 
wou ld a l so be s impl i f ied by t r aps , s i nce the need to scou t for weev i l 
sur vivor s or imm i g ra n t s  wou ld be reduced and perhaps e l im i na ted 
except in spec i a l  s i tua t ion s .  Pheromone tr aps wou ld b e  u sed a t  
sever a l  stag e s  i n  the be ltw ide eradicat ion pla n .  

Pheromone Tr aps : Some Unan swered Que st ions 

The NRC Comm i t tee r ecogn i ze s  the soph i st ica ted resea rch that ha s 
been done on the bo l l  weev i l pheromone , i ncluding the accompl i shment 
of deve lop i ng me thod s for u s i ng the pheromone in a pr ac t ical way . I n 
seve ra l r e spects the pheromone tr aps a r e  the founda t ion on wh ich a 
be l tw ide BWE program wou ld be ba sed , s i nce the traps wou ld be e ssen­
t i a l  to sur vey i ng , pred ic t i ng , and moni tor i ng the bol l  weev i l  popu la­
tion . Some of the fo l low i ng comme n t s  a r e  probably minor ,  but the 
traps are so impor tant to the progr am tha t the i r  fa i lure cou ld r e su l t  
i n s i gn i f ica n t  se tback s .  

Potent i a l  Va r i a t ion s i n  Weevi l Re sponse to Tr aps . I t  has been 
demon strated w i th the p i ne e ngraver bee t le <!E! pin i )  tha t a s i gn i f i ­
cant d i f ferent i a l  re sponse t o  phe romone s ex i sts over i t s  range o f  
d i s tr i bu t ion ( La n i er e t  a l .  198 0 ) . Such a d i f ferent i a l  re spon se in 
boll weev i ls may not ex i st . Gr and lure ha s been stud i ed widely for 
i t s  u se fulne ss th roughout the i n fe sted areas of the Cotton Be l t , a nd 
there i s  l i t t le to suggest tha t bol l  weev i l popu lat ion s are gene t i­
cally i so la ted from one another . Never the le s s , even s l i g h t  va r i a­
t ions i n  the r e sponse of bo l l  weev i l popu lat ions to the pheromone 
cou ld have a profound impac t upon trap dens i ty , d i s tr ibut ion , a nd 
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overa l l  prog ram de s i g n . Th i s  may war rant c a r e f u l  eva luat ion a nd 
add i t iona l r e search . 

I n sec t behavior i st s  have spec u la ted about var i at ion s i n  the 
re sponse to pheromone tr aps of ind i v idua l s  w i th i n  a s i ng le popu la t ion . 
I f  s ign i f icant var i a t ion e x i st s ,  phe romone t r aps may exe r t  a se lec­
t ion e f fec t on the boll weev i l  popu lat ion for those weev i l s  tha t a re 
least a tt r a c ted to the tr aps . var i a t ion s cou ld be a r eac t ion to the 
fluore scen t  yel low co lor of the t r ap as we l l  as to the pheromone 
i tself . It seems u n l i k e ly tha t such var i a t ions wou ld occur rapidly , 
i f  a t  a l l , but the poss i b i l i ty of  una n t i c ipated re spon se s shou ld be 
care f u l ly eva lua ted . 

Tr ap Ef f ic i ency and De n s i ty .  The phe romone tr aps a r e  r ema r kably 
e f f ic ient , and i t  has been c lea r ly e sta b l i shed tha t e f f ic iency i s  
i nver se ly r e la ted to dens i ty .  Thu s ,  e f f ic i ency i s  be t ter when popu­
lat ion s a r e  low , a s  wou ld be the ca se in an erad ica t ion campa ign . I t 
i s  pr e d i c ted that one t r ap pe r acre wou ld be a lmost 1 0 0  percent cer­
ta in to d i scover the F2 genera t ion of any i n f e stat ion le f t  beh i nd 
i n  an erad icat ion prog r am or i n i t i a ted by a n  immi grant . The NRC 
Comm i t tee i s  concer ned , however , abou t the proposed trap dens i ty ,  
pa r t icular ly d u r i ng the mon i tor i ng stage , a l though we r ea l i ze tha t  
re search in the f ie ld t o  determ ine the exac t t r a p  den s i ty needed i s  
proba b ly impos s i b le . Wha t concerns the Comm i t tee i s  tha t trap den­
s i ty may be too low in any case . I n sec t popu lat ions frequen t ly do 
not behave a s expec ted . Becau se of wea ther cond i t ion s ,  for example , 
the y may not i nc r e a se norma l ly . Hot , dry summer s a nd exce ss ive ly 
cold wi nter s a r e  i n im ica l to norma l popu lat ion i ncrea se s .  I n  extreme 
s i tuat ions i t  m ight take many genera t ions ,  or even year s ,  for a 
suppressed populat ion or a r e i nfe stat ion to r e ach de tec table leve l s  
a t  the planned trap dens i ty .  

Ef fec t s  o f  Weather on Pheromone Trap Ef f ic iency . I n  the case of 
some i n sec t s ,  wea ther fac tor s a r e  con s idered to a f fec t pheromone trap 
e f f ic iency ( El k in ton and Ca rde 1 9 80 ) . var i able s such a s  heat or 
cold , dryne ss or humid i ty ,  w i nd or no w i nd , and per haps other fac tor s 
may upse t e xpected r e su l t s ,  a l though the se may be only tempor ary 
inter r upt ion s .  The e f fect of wea ther on bo l l  weev i l  tr ap e f f iciency 
has not been stud ied , insofar a s  the Comm i t tee i s  aware . 

Detecta b le Popu lat ion Leve l s . De sp i te i n tens ive r e sea rch on 
bo l l  weev i l pheromone s and tr apping techn ique s ,  the re is no clear 
under stand i ng of the m i n imum popu la t ion leve ls tha t wou ld be detected . 
Low- leve l popu la t ion s ,  wh ich may ex i s t  a f ter the e r ad icat ion e f for t 
ha s moved th rough a zone , may no t i ncrease equa l ly i n  a l l  loca t ion s . 
Popu la t ion i ncr e a se s  may be ve r y  s low and may not fol low the pa ttern 
obser ved dur i ng the or ig inal we ev i l  inva s ion . La rge amoun t s  of 
i n sec t ic ides are u sed on cot ton for pe s t s  o ther than the boll weev i l .  
The se i n sec t i c id e s  may cha nge the r a te o f  weev i l  i ncrease . Rap id 
i nc r e a se of F2 and FJ gener a t ion s is an e ssent i a l  a ssumpt ion for 
ear ly de tec t ion a nd requ i red for a succe s s fu l  eradicat ion program . 
Low t r ap dens i ty i n  the mon i tor i ng ph a se m ight r e su l t  i n  large 
i ncrease s  and wide d i sper sa l  o f  weev i l s  pr ior to detec t ion . If the 
lat ter occur red , the capture of few or no weev i ls for severa l yea r s  
a f ter e radicat ion might b e  fo l lowed b y  a r apid i ncrease o f  the boll 
weev i l  popu lat ion over a wide spr ead reg ion .  
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S i nce dama9e t o  u . s .  cot ton by the boll weev i l  wa s d i scovered in 
Texas i n  the ear ly 18 90 s , it  i s  possible tha t the i nsec t had reached 
sou thern Texa s cou n t i e s  from Mex ico as ea r ly as the 18 7 0 s  and adapted 
i tse lf to var iou s  env i ronmenta l s i tuat ion s .  I t  m i9ht there fore be 15 
to 2 0  year s be fore boll weevi l s adapt suff iciently to a new env i ron­
ment to be able to reproduce i n  la r9e number s .  Other i nsec ts have 
bee n obser ved to requ i r e  a s imi lar span of t ime between f i r s t  de tec­
t ion and economic dama9e leve l s .  It has been e s t i mated , for example , 
tha t i t  took 17 year s a f te r  i t s  i n troduc t ion for the cerea l lea f  
beet le t o  reach dama9 in9 popu la t ion dens i ty ( Hayne s and Ga9 e  1 9 8 1 ) . 

Mi 9 r a t ion and Di sper sa l of the Bo l l  Weev i l  

A key e lement o f  a succe ss f u l  e r ad icat ion pro9r am wou ld be 
keepi n9 zone s freed of boll weevi l s  i sola ted from zone s st i l l  i nfe s t­
ed . Ou r  abi l i ty to do so may be complica ted by the fac t tha t there 
are two d i s t i nc t  way s i n  wh ich the bol l  weev i l  may have invaded Nor th 
Amer i ca .  One would have been the 9 r adua l bu i ldup o f  an i nvad in9 
popu la t ion i n  a new a rea , fol lowed by fur ther spread . Th i s  concept 
i s  u sed to j u st i fy er ad icat ion on 9rounds tha t it can be succe ssf u l ly 
ma intained . An equ a l  probab i l i ty ,  however , i s  tha t  the boll weev i l  
popu la t ion d i sper sed un i form ly from i ts or i9 inal loca t ion , w i th 
ind iv idua l s  se t t l i n9 i nto Nor th Ame r ican cot ton a s  a func t ion of the 
square of the d i stance tr ave l led . Bo l l  weev i ls may there fore be 
con t inually d i sper s i n9 i nto Nor th Amer ica i r r e spec t ive of the na t i ve 
Nor th Amer i can popu la t ion .  I f  th i s  were the ca se , eradicat ion would 
not be poss ible unle ss the or i9 inal source of the weev i l s wa s a l so 
e l imina ted . We have no data to suppor t or refute e i ther ar9 ument . 
The i n forma t ion needed to j ud9e between the se two poss i bi l i ti e s  wou ld 
have to come from popu la t ion dens i t ie s  be low detec table thre shold s .  
However , a ma thema t ica l mode l cou ld be construc ted for bo th poss i b i l­
i t ies a nd per haps tested by s tandard va l idat ion exper iments . 

Cross ( 19 8 1 )  states tha t weev i l s  ma ke sho r t  f l i9h t s  tha t a r e  not 
in r e sponse to pheromone s .  The se d i sper sa l  f l i9h ts are random and 
appe a r  to be re la ted on ly to wind and sun loca t ion . 

Bo l l  weev i l  hab i t s  chan9e i n  Au9 u s t , par t icular ly in we s t  Texa s ,  
a s  fema le s sea rch for be tter ov i pos i t ion s i tes o r  d iapause locat ion s .  
The se mi9rants have been known t o  trave l  a s  far a s  8 0  k i lometer s .  
Th i s  lon9-r a 09 e  d i sper sa l occu r s  when weev i l s  on shor t f l i 9h t s  a re 
bor ne a lo f t  by therma l w i nd current s .  Such behavior i s  qu i te common 
amon9 o ther Coleoptera . Raun ( Pe s t  Mana9 ement Consu ltants , Inc . , 
Lincoln , NE , per sona l commun icat ion , 1 9 8 1 ) r epor t s  a lar9e f l i9ht of 
cor n rootworm bee t le s  at  4 0 0 0  fee t above 9 round leve l over we stern 
Nebra ska a t  abou t 5 : 0 0 p . m .  in la te Ju ly of 1 9 7 6 . 

F l i 9 h t-mi l l  stud ies have shown the boll weevi l  to fly an aver a9e 
d i stance of 3 . 56 k i lometer s .  The lon9est f l i9h t  in these studie s wa s 
17 . 6 6  k i lometer s .  I f  one spec u la te s  tha t  weev i l s  car r ied by preva i l­
i 09  sou thwe ster ly breezes a l so act ive ly transpor t themse lve s ,  an 
S O -k i lometer fl i9ht may not be u ncommon . oav ich et a l .  ( 19 7 0 ) cap­
tured weev i ls 40  to 72 k i lome ter s from cult iva ted cotton . 
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Bo l l  weevi l m i g r a t ion a n d  d i sper sa l  c a n  oc c u r  b y  severa l means 
and for var ious reason s :  

• weev i l movement i s  st imula ted by pheromone a ttraction ,  by the 
need for hosts upon wh ich to feed and by the need to f i nd 
egg- lay i ng and overwi nter i ng s i te s .  

• weev i l s  a l so ma ke random fl ights of shor t durat ion for no 
ident i f iable reason . 

• Weev i ls may be borne a lo f t  and car r i ed for a substant i a l  
d i sta nce by the w i nd . 

• Ca tastroph i c  c l ima t i c  occur rences ( tornadoe s ,  hur r i canes)  can 
l i f t  weev i l s  or plan t  pa r t s  w i th weev i l s  and ca r ry them long 
d i stance s .  

• There i s  the fur ther possibi l i ty o f  weev i l  d i sper sa l  through 
au tomot ive , r a i l ,  or a i rcr a f t  tr a n spor tat ion , e i ther in bo l ls 
a s  larvae or a s  adu l t s . 

The f ina l r epor t of the BWE tr i a l  (APH I S  198lb)  indicates the 
fol low i ng forms of we ev i l  " r e i nfestat ion " :  

( 1 )  Two adu l t s  were tr apped in 1 9 7 9 . One wa s found near a 
mote l ,  the o ther ne a r  a n  APH IS f i e ld o f f ice . Bo th were found i n  the 
fa l l  a nd are be l ieved to have been transpor ted by veh i c le s  from 
outs ide the eva luat ion zone . 

( 2 ) A pa r t ly d i s i n tegr a ted adu lt wa s found i n  a trap in May of 
1980 . Th i s  i s  be l ieved to have been a weev i l caugh t the prev iou s 
year but not removed from the tr ap . 

( 3 )  Two weev i l s  wer e  tr apped i n  the eva luat ion zone on August 
18 , 1 9 80 , a nd another wa s tr apped September 15 . Al l 3 were i n  tr aps 
at a d i s ta nce from cot ton f i e ld s .  

( 4 )  On September 1 1 , 1980 , one adu l t  wa s tr apped i n  a cotton 
f ie ld . Between September 15 and 2 4 , 198 0 , 9 bo l l  weev i l s  were 
de tected by v i su a l  exam i na t ion of cot ton bolls , or by tr apping , a t  
the same s i te . Th ree o f  the se 9 wer e  i n s ide unopened bolls , w i th one 
of them in the pupa stage . 

The BWE tr i a l  f inal repor t a l so i nd icates trap captures w i th the 
•migr a t ion zone"  g r id of traps . The se captures extended as far a s  
14 4 k i lometer s from infested area s . 

Al though bo l l  weevi l suppression i n  the eradicat ion zone wa s 
outstand i ng , the capture of occa s iona l weev i ls i n  bo th 19 7 9  and 1980 
and the d i scove ry o f  a t  lea s t  one breed ing s i te i n  19 8 0  led the NRC 
Comm i t tee to speculate on the se captur e s . The accuracy of th i s  
spec u la t ion i s  la rg e ly dependent on how e f f i c ient grandlure traps 
are , an e f f ic iency not known . 

I f  we accept the v i ew that the probab i l i ty of de tec t i ng 1 weev i l  
pe r acr e w i th 1 tr ap per acre i s  6 0  pe rcent ( Legge tt e t  a l .  198 1) , 
extr apolation wou ld i nd icate cons iderable oppor tun i ty for i nc ipient 
weev i l s  to e scape de tect ion by the sy s tem u sed in the BWE tr ia l .  I t 
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i s  a l so possible tha t the tr apped and d i scovered weev i l s  were na tural 
mi9r a n t s  who wer e  e i ther car r i ed in  by w i nd s ,  f lew i n  on the ir  own 
power , or were tran sported by veh icu la r  tra f f ic .  

Wh i chever explanat ion i s  accepted , only t ime w i l l  reveal whether 
the boll weevi l  has been erad icated from the eva lua t i on zone . The se 
weev i l f inds ,  however ,  r a i se quest ions le f t  unanswered by the BWE 
t r i a l  tha t mu s t  be con s idered in any a t t empt to ex trapo late the 
re sul t s  of the tr i a l  on a be ltwide ba s i s .  I f  the se weev i l  f inds 
indicate m i 9 r a t ion r e i nfestat ion or an i nc ipient i n festat ion tha t wa s 
not erad ica ted , a cons iderable problem wou ld be po sed . Bu t i f  these 
ind ividua l weev i l s  a re j u s t  i nd iv idua l weev i l s  and not ind ica tor s of 
a lar9 er popu la t ion ,  the problem is not near ly as 9 r ea t .  Nonethe ­
les s ,  i nd iv idua l s  and sma l l  popu la t ions tha t escaped a be ltwide 
eradicat ion pro9r am wou ld have to be d i scovered immed i a te ly . I f they 
wen t  undetec ted , they cou ld rema i n  undetec ted for seve r a l  9er.erat ions 
by the proposed trap ne t .  

Var i ou s  e s t imates o f  the r eproduc t ive potent i a l  o f  the boll 
weev i l  have been 9 ive n .  Most of them a r e  qua l i f i ed and , depend i n9 on 
envi ronmenta l cond i t ions , r an9e from be low zero to a s  h i9h a s  S O x  per 
9ener a t ion . The mo s t  common i ncrease repor ted pe r  9enerat ion seems 
to be 2x to 8x . Wi th th i s  leve l of r eproduct ion , a nd a trappin9 
e ff ic i ency of only 6 0  pe rce n t  (when tr aps a r e  u sed a t  a leve l o f  1 
per acr e ) , the ma in tenance trap ne t could ea s i ly fa i l  to d i sc lose 
breed i n9 popu la t ion s .  Th i s  wou ld be pa r t icu lar ly true dur i n9 a 
per i od  when envi ronmental cond i t ions kept r eproduc t ive e f f ic iency low 
for a per iod of sever a l  year s .  

Quarant ine methods are proposed to prevent mi9r a t ion and d i s­
per sa l .  The se m i9ht be e f fect ive for wee v i l s  on veh icles but wou ld 
fa i l  in the case of w i nd-borne or flyin9 mi9rant s .  The movement o f  
the erad icat ion front i e r , from ea st to we s t , i s  i n  the d i rect ion most 
l i ke ly to a l low leap-fro99 in9 of the front ier . The d i rect ion of 
preva i l i n9 wind s  wou ld be from infe sted areas i n to erad icated area s .  
Th i s wou ld a l so  be true a t  the Mex ican border , w i th mi9rants r id i n9 
a i r  cur rent s  across the buf fer zone . 

The NRC Comm i t tee be l i eve s tha t the USDA ' s biol09 ica l eva lua t ion 
team should have cons idered var iou s scena r ios be fore conc lud i n9 tha t  
the BWE tr i a l  h a d  accompl i shed i t s  obj ec t ive s .  I f  the team cons id­
ered other scena r io s  for expla i n i n9 nonde tect ion of weev i l s  in  the 
erad icat ion zone and d i scarded them as unl i ke ly ,  it shou ld have 
d i scussed i t s  r a t iona le for do i n9 so . 

Ro le of S ter i le Ma les i n  Er ad ica t ion 

Conclus ion s abou t the e f f icacy of s te r i le ma le boll weev i l s  in 
suppr e ssin9 low- leve l popu l a t ion s to the leve l of non-de tec tab i l i ty 
rest upon ( 1 ) a n  e xper iment pe r formed in Lou i s iana i n  196 2 i n  wh ich 
an i nduced low popu lat ion of weev i l s  wa s reduced to non-de tec tab i l i ty 
by the end of the sea son ( Dav ich et a l .  196 5 )  and ( 2 )  theoret ical 
cons ider a t ions o f  the over sa tura t ion o f  low-leve l populat ions w i th 
ster i le weev i l s  ba sed on i n format ion from exper iments wh ich fa i led to 
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achi eve the i r  obj ect ive bu t prov ided some i n forma t ion . I t  i s  on th i s  
ba s i s  tha t e s t imates have been made a s  t o  wha t the r e su lts o f  care­
fully con trol led f i e ld operat ions might be . 

The lack of conc lus ive data i s  d i st u r b i ng , and two ba sic que s­
t ions rema i n  to be answered . Can erad icat ion be con s i stently 
ach i eved in  d i f ferent areas by over satur a t ion w i th ster i le weev i ls? 
If  so , wha t  l eve l o f  ove r sa tu r a t ion i s  nece ssary to ach ieve it? The 
answer s to both a r e  theore t ic a l  and controve r s ia l .  

The ro le o f  ster i le ma le s i n  the proposed BWE prog ram i s  
unclear . The costs for ope r a tor s and for the d i sper sa l of ster i le 
weevi l s  are i nc luded i n  the e s t ima te s ,  but capi ta l  expend i ture s for 
the necessary expans ion o f  fac i l i t i e s  to produce the ster i le males 
a r e  no t .  Comme n t s  by USDA per sonne l a s  to the nece ss i ty for a ster­
i le male component in the proposed BWE program were conf l ic t i ng . 

Insec t ic ide use 

Ef fec t of  Boll Weev i l  Erad ica t ion 
on B iolog ica l Con tro l of He l ioth i s  

A r educt ion i n  future i nsec t ic ide use h a s  been ident i f ied a s  a 
ma j or j u st i f icat ion for a be ltw ide eradicat ion prog r am ( USDA 19 8lb) . 
I f  the amount of i nsec t ic ide u sed i n  current i n sec t control i s  ta ken 
to be 100 perce n t , e st ima te s of  i n sec t ic ide u se in an OPM-NI progr am 
and a n  OPM-NI -BWE pr og r am are 7 7  percent and 5 4  percent , re spect ive ly . 
In  the NRC Comm i t te e ' s  view the se est ima te s ,  der ived from De lph i 
proce ss e s t ima te s ,  are que s t ionable . Judg ing by the pa st h i story of 
e f for t s  to erad ica te such insec t s  a s  the gypsy moth a nd f i r e  ant , 
insec t ic ide u se i ncr e a se s  dur i ng the e r ad icat ion pr ogr a m ,  and i t  i s  
imposs ible to e stabl i sh the t ime a t  wh ich e rad ica t ion w i l l  be 
accompl i shed . 

I t  ha s been repeatedly s ta ted tha t frequent insec t icide appl ica­
t ions for bo l l  weev i l con tro l have produced " b iolog ical de se r t s "  
v i r t ua l ly devo id of na tur a l  para s i te s  and pr eda tor s .  A s  a r e su lt o f  
be i ng freed of norma l envi ronmenta l ha z a rd s , the bol lworm and the 
tobacco budworm have become rampa nt pe s t s  r equ i r i ng ever more fre­
quent i n sec t ic id a l  treatme n t . Beca u se of the r apid onset of He l io­
th i s  r e s i stance to i n sec t ic ides ( see Table 2 . 1 ) the s i tuat ion has 
wor sened and led i n  some area s to the tota l e l iminat ion o f  cot ton 
cul t ivat ion ( Reyno ld s  e t  a l .  19 7 5 ) . 

I t  i s  by no mean s  c e r t a i n  tha t the removal of the bo l l  weevi l  
wou ld r e store the ecolog ica l ba la nce . Th i r t y  yea r s  o f  gene t ic se lec­
t ion a nd recombinat ion in He l io th i s  due to i ntens ive i n sect ic ide use 
have produced re s i stant b iotype s of the se pe sts tha t are cons ider ably 
d i f ferent from the i r  progen i tor s .  Bene f ic i a l  i n sect populat ion s i n  
cotton f ie lds have been reduced beca u se of  heavy insec t ic ide u se .  
Moreove r ,  cot ton v a r i e t ie s ,  cult iva t ion prac t ice s ,  and insec t ic ida l 
tr e a tmen t s  on ad j acen t crops are ent i r e ly d i f ferent from those of 30 
year s ago . The u se of ma ss ive insec t i c ida l appl icat ion s for cotton 
pe s t  control i s  sol i d ly ing r a ined in  cot ton grower s .  I t  i s  the re fore 
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qu ite possible tha t e ssentia l ly the same amounts of insec t ic ides w i l l  
cont inue t o  b e  u sed , regard less o f  the pr e sence o r  absence of the 
boll weev i l .  

Th e  e st imates o f  i nsec t ic ide u se i n  OPM-NI and OPM-NI -BWE pro­
grams a lso underest imate the potent i a l i t ie s  o f  C I C  a s  i t  evolve s into 
i ntegra ted pest management i n  wh ich ecolog ica l ly based popu la t ion 
reg u lat ion s tr a teg ie s  a r e  g u ided by sk i l led entomolog i sts in the 
pr iva te sector oper a t i ng under pr i nc iple s now under deve lopment by 
in ter-un iver s i ty consor t i a . Such endeavor s have a lready ach i eved 
ma j or reduc t ions in i nsec t ic ide use in such areas as the coastal Bend 
in Texa s ( Ph i l l ips e t  a l .  198 0 ) . The most conserva t ive est imates o f  
the e f fec t iveness o f  I PM  progr ams suggest r educt ions of 50 t o  75  
percent i n  cur rent insec t ic ide use . Thu s ,  over t ime , cur rent i n sec t­
ic ide u se may decre a se mater i a lly from the 1 0 0  percent leve l upon 
wh ich the OPM-NI -BWE prog r am is ba sed a nd j u s t i f ied ( USDA l9 8lb) . Of 
maj or concer n in th i s  r egard is the leve l of feder a l  a nd s tate sup­
por t for i ntegra ted pest management tha t  can be expec ted if ma s s ive 
USDA expend i ture s  are made for OPM-NI -BWE or OPM prog r ams . 

Host Pla n t  Re s i stance ( H PR) 

Cot ton var i e t i es have a number o f  mor pho log ical and biochemical 
character i st ic s  tha t  confer mea surable r e s i s tance to insec t s , and the 
bene f ic i a l  i nsec t complex of para s i te s  a nd preda tor s tend s  to moder ­
a te pe s t  popu la t ion leve l s .  There fore , bene f ic i a l  a r th ropod s and 
host plant r e s i s tance are complementary e lemen t s  in crop protec t ion . 

Only a few of the known host-plant r e s i stance factor s ( Table 
5 . 1 ) have been i ncorpora ted i n to commerc i a l  var i e t ies o f  cot ton . 
Most o f  the se factor s a l so have a neg a t ive e f fect tha t reduce s y i e ld 
when the gene s  contro l l i ng the se factor s a r e  transfer red into a 
comme rc i a l  va r i e ty .  Pube scent cotton , wh ich has a pos i t ive breed i ng 
e f fec t , and nectar i less cotton , whi ch i s  neutr a l ,  are except ions to 
th i s  gener a l  rule . Good va r ie t i e s  ca r ry i ng the se tra i ts are a lready 
in u se .  

The e f fec t o f  the r ema i n i ng H PR factor s i s  cumula t ive , i n  tha t 
y ield decrea se s w i th each add i t iona l H PR fac tor tran sfer red . Th i s  
l imi ts the number of HPR fac tor s tha t can be added t o  a commerc i a l  
va r iety . Another problem deve lops when an added HPR factor causes 
suscept i bi l i ty to a d i f ferent i nsect spec ies . Heavy pube scence , for 
example , ca u se s  a cot ton plant to be r e s i s tant to �' f leahopper , 
and leafhopper a t tack bu t suscep t ible to He l ioth i s .  

I f  the bo l l  weev i l  were erad ica ted , plant br eed ing e f for t s  cou ld 
be targ e ted aga i n s t  e i ther He l ioth i s ,  pink bollworm , or � · 
Necta r i lessne s s  i s  ava i lable to offer some protec t ion aga inst a l l  
th ree . Other H PR  factor s cou ld be added on a reg iona l ba s i s ,  depend­
i ng on wh ich loca l pe s t  cause s  the mo s t  sever e  problem . 
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'!'ABLE 5 . 1  Host plant resistance 

7 0 

OIPR.l factors and their relative effect 

on cotton yield and susceptibility to key cotton insect pests . 

Effect of HPR Factor on Pest Species 
HPR Factor Effect Boll Plant Pink 

on yield weevil Heliothis bugs bollworm 

Pubescent Increa se + 0 

Glabrous Decrease 0 + 

Nectari l e s s  Neutral 0 - ?  

High gossypol Decrease 0 0 

High tannin 0 0 0 

Red plant ( Rl ) Decrease 0 0 0 

Red stem ( R2 ) Decrease 0 0 0 

Frego bract Dec rease -? + 0 

Okra leaf Decrease 0 0 0 

Male sterile Decrease 0 0 0 

OViposition Unknown 0 0 0 
suppres sion 

factor 

AET 5 Unknown 0 0 
antibiosis 

- • Les s  damage than normal 

+ = More damage than normal 

0 = No significant effect documented 

? = Controversial result s 
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Bene f icia l Arthropods 

Cotton f ie lds conta in a surpr i s ing ly var i ed and complex insect 
pest and entomophagous fauna . Many entomolog ists are convinced tha t 
it  would not be possible to produce cotton economica l ly wi thout 
para s i t ic and predaceous insects ( Reynolds e t  a l .  197 5 ) . 

Chang e s  in  cotton cultivat ion techn iques (e . g . , fer t i l i zer and 
irr igat ion)  and the use of d i f ferent cotton var ieties shou ld be 
care fu lly eva luated for more than tota l yield and qua l i ty of f iber 
and seed be fore be i ng adopted . Such changes can have profound 
effects upon beneficia l  insects a s  we l l  a s  insect pest popu lation s .  
Applicat ions o f  chemica l insec t ic ide s ,  part icu lar ly when they are 
repeated , often reduce the number s of  bene f ic i a l  i nsects , large ly 
negating the ir impac t .  As a consequence , populat ions of  •pr imary 
target•  spec ies may resurge rapidly following insectic ide applica­
t ion s ,  and secondary pests also may increase . 

Both the BWE and OPM tr ials demonstra ted better management of  
benef icia l a r th ropod s .  Carefu l management and t iming o f  insec t ic ide 
appl icat ions to control boll weev i l s  reduced insect ic ide loads .  As a 
result , He l ioth i s  wa s be tter control led by bene f ic i a l  ar thropod s .  
Much o f  th i s  success came from the use of  insecticides late in the 
production season to reduce the number of bo l l  weev i l  adults leaving 
the f ie lds to enter d iapause . The se appl icat ions are made a f ter 
He lioth i s  i s  no longer a potent ial  problem . 

Wh i le there are unknowns in the inter rela t ionsh ips among pesti­
c ide applicat ion s ,  beneficial  arthropod s ,  and He l ioth i s  spec ies , i t  
i s  cer t a in that the erad ica t ion o f  the bo l l  weevi l wou ld sharply 
reduce Heliothi s damage in  some area s .  An OPM program wou ld a l so 
reduce He l ioth i s  damage , though perhaps not as  e ffective ly . success­
fu l integrated pest management ( I PM) programs also have demonstrated 
the abi l i ty to reduce He l ioth i s  damage . 

Biolog ical Consequences of Fa i lure 

I f  a bo l l  weevi l eradica t ion progr am was insti tuted and la ter 
abandoned shor t of eradicat ion , what wou ld be the biolog ica l conse­
quences? It can be a ssumed tha t the OPM programs that preceded the 
erad ication program wou ld have resu lted in very low densitie s .  
Hence , damage to the cotton crop from weevi ls wou ld not be of  immed i­
ate concer n ,  and it  wou ld take severa l  yea r s  for the boll weevi l to 
re tur n to preprogram dens i ty leve l s .  In add i t ion , growers  who had 
part icipated in the OPM program wou ld use the ir acqu ired knowledge to 
contro l  other cot ton pests,  wh ich wou ld have a sign i f icant impact on 
boll weevi l surviva l .  Thu s ,  th e  bo l l  weevi l  popu lat ion wou ld be kept 
below damag ing leve ls for undetermi ned bu t s ign i f icantly long per iods 
of t ime . If  the eradica t ion program was not completed , a dec i s ion to 
declare i t  a fai lure would not be c lear cut . No such j udgement cou ld 
be made unt i l  a fa ir ly leng thy per iod of t ime had passed . 

Boll weevi l popu lat ions i n  erad icat ion zone s 1 ,  2 ,  and 3 ( see 
Figure 5 . 1) , for example , may never be reduced to leve ls  be low detec­
t ion . I f  boll weevi ls were sti l l  detected in zone l or 2 some 5 or 6 
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F IGURE 5 . 1  Cotton d i stribution in the boll weevi l  infe sted areas of the Cotton Bel t d ivided 

into zone s of program operation s . Eac h dot represent s 5000 acres of cotton . The 

area within the dashed l ine repr e sents area s where the bol l  weevil has the 

potent ial for reaching economic status in occasi onal years . The ar ea within the 

solid l i ne is cotton acreage where the bo l l  weevil reaches economic status in 

most year s - - s tubbed cotton only in Ar i zona . 

SOURCE : After Economics and Stat i sti c s  S ervice ( 1 98 la ) 
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year s a f ter th e  eradicat ion program began ,  the program wou ld most 
l i kely revert  to an optimum pest management progr am .  Th i s  form of 
fai lure would produce the lea st disruption i n  the cotton ecosystem 
and be the least expensive . The amount of i nsectic ides used in 
retrea t i ng areas where boll weevils are found will i ncrease over the 
or ig ina l  amount planned only s l igh t ly and over a rela t ive ly shor t 
t ime interva l ( 5  to 6 year s) . 

A second possibi l i ty wou ld be a reduct ion o f  the boll weevi l  
population to such low level s  that detect ion of sma l l ,  inc ipient 
popu lat ions might requ ire 8 or more year s .  If th i s  occur red , the 
erad ication program wou ld have moved to the f ina l zone be fore popu la­
t ions reached detectable leve ls  in the f ir st 2 zone s .  Retrea tment of  
these zone s w i th insec t ic ides cou ld become a s ign i f icant factor , and 
there cou ld be major d isruptions of IPM progr ams by grea tly decreas ing 
the e f fect iveness of natur a l  enemie s .  Sub j ec t i ng low-leve l bo l l  
weev i l popu lations t o  insec t ic ides cou ld accelera te the deve lopment 
of nat ur a l  res i stance in the bol l  weevi l .  Fa i lure o f  th i s  type wou ld 
be the most cost ly , bo th economical ly and environmenta lly . An eva lu­
ation of thi s type of fai lure might requ ire more than a decade , and 
the fa i lure might become a major po l i t ical i ssue . 

A th ird form of fa i lure could be eradica t ion of the boll weev i l  
from severa l zone s and surviva l of  a per s i stent populat ion in  other s .  
Th i s  cou ld be the re sult  o f  a lack o f  cooperat ion between agenc ies 
and cotton grower s ,  or i t  cou ld have an unfor e seen biolog ica l bas i s .  
I n  e i ther case , the per s i stent popu la t ion wou ld be subj ect to intense 
insect ic ide appl icat ions over a limited geograph i c  area . Secondary 
outbreak s  could resu lt ,  d i srupting ex i st i ng IPM programs . Th i s  cou ld 
re su lt i n  cons iderable economic loss to grower s i n  tha t l imi ted area . 

Fa i lure wou ld not be instantly recogni zed in  any of these si tua­
t ions , but the net resu l t  wou ld be to greatly i ncr ease the u se of 
insect ic ide s ,  acce lerate pest resistance to insec t ic ides throughout 
the Cot ton Be l t ,  reduce the role of natur a l  enemie s ,  and increase the 
probabi l i ty of secondary pest outbrea k s . 

Biolog ica l Consequences o f  Succe ss 

Ini t i a l ly ,  a be ltwide boll weev i l  eradicat ion program wou ld have 
a larg e and bene f ic ial  e f fect not only because a key pest of cotton 
had been e l iminated but also because cotton grower s wou ld become more 
k nowledgeable about integr a ted pest management me thod s .  The NRC 
Committee points out here some of the other possible biolog ical 
consequences of a successful eradicat ion program . 

As a re su l t  of  boll weevi l  erad icat ion the management of cotton 
product ion wou ld change . Ear ly season insectic ide treatments wou ld 
be greatly reduced , and thi s  would probably have pos i t ive e f fect s  on 
popu lat ions o f  bene f ic i a l  organ i sms . on the other hand , insect pests 
tha t had been he ld i n  check by insecticide treatments a imed at bol l  
weevi ls might increase t o  the po i n t  where ear ly season sprays aga in 
were requ i red for the ir contro l .  This wou ld e l iminate some of the 
economic and environmental bene f its  tha t j us t i fy an attempt at boll 
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weevi l erad icat ion . The research needed to eva luate thi s  problem has 
not been done , and it wou ld requ ire the absence of insectic ides for a 
per iod o f  severa l  year s to determine the re sponse of other insect 
pests and bene f ic ia l  ar thropod s .  

Since erad icat ion of the bo l l  weevi l would reduce the need for 
insectic ide appl icat ion s ,  secondary pest outbreak s  would be reduced 
because insecticides wou ld no longer be destroying bene f icial  ar thro­
pod s . But there i s  no informa t ion on other key pests that may be 
kept under contro l by the i nsect ic ides u sed in current boll weev i l  
con tro l progr ams across the belt . 

Another possible consequence of a successfu l erad ica tion program 
would be a cha ng e  from ear ly matur i ng var ieties o f  cotton to h igher 
y ie ld i ng , late-ma tur i ng var ieties . Th i s  would tend to make cotton 
more su scept ible in year s favorable to the deve lopment of other pests 
and more vu lner able to r e inva sion by the bol l  weev i l .  

Probably the most ser ious b iolog ical consequence of succe s sful 
er adicat ion wou ld be the s ign i f icant increase in  cotton acreage on 
land i ll -su i ted for sustained cotton product ion , even though total 
cotton product ion wou ld be expec ted to rema i n  the same . Much of th i s  
land wa s taken ou t of  cotton product ion as a result  of  severe bo l l  
weev i l  problems and assoc i ated pe s t  control costs . Th i s  marg ina l  
land would b e  subj ected t o  i ncreased erosion and soi l  degradat ion i f  
replanted in  cotton . 

I t  i s  impor tant to eva lua te the biolog ica l and env ironmental 
consequence s of both success and fa i lure . Not all of the e f fects of 
fa i lure wou ld be negat ive , nor wou ld all the e f fects of success be 
posit ive . What seems to be c lear i s  tha t  the BWE tr i a l  prov ided very 
l i ttle i nformat ion for j udg ing the se e f fect s .  

ECONOMIC CONSIDERATIONS 

The ass ignment of the USDA ' s economic evaluat ion team wa s to 
estimate the mar ket consequences o f  the succe ssful be ltwide implemen­
tat ion of each of the proposed bo l l  weev i l  erad ication and control 
s trateg i e s . Cotton y ie ld i ncreases and the cost reductions expec ted 
for spec i f ic locat ions were needed to make these estimate s .  USDA 
systemat ica lly accumu lated the opi n ions o f  loca l  experts through a 
De lph i approach , and the opi nions o f  seve r a l  exper ts from each area 
were averaged to ident i fy the probable insectic ide-use and lint-y ield 
chang es ( Economics and S ta t i st ics Service 198ld ) .  

The USDA economic evaluat ion team i s  to be commended for i ts 
cre a t ive e f for t s  to obta in be ltwide cotton product ion data , project 
the future , and deve lop mar ket bene f i t s  and red i str ibut ion effec ts of 
successf u l  implementat ion . But ,  the USDA team was less thorough and 
creat ive i n  deve lop i ng data on the publ ic cost and probabi l i ty of 
success o f  each program. Ba sed on the collection and averag ing of 
d ivergent opin ion s  of prac t i tioner s ,  the costs were le ss than the 
bene f i ts . The fu ture , however , i s  unknown and exper ts do not agr ee 
about e i ther the cost or the bene f i t  of public management or erad ica­
t ion of the boll weevi l .  The mar ke t  bene f i ts e st imated by the USDA 
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team assume succes sfu l implementat ion , but the est ima ted public costs 
do not guarantee be ltwide success in e i ther management or eradicat ion . 

Severa l  experts contributing to the De lph i survey ind icated 
concer n about a possible bias toward the success and feasib i l i ty of 
public prog r am s .  For example , extension service per sonne l be lieve 
that add i t ional extens ion service educat iona l ac t iv i t ie s  and techni­
ca l a ss i sta nce wou ld re su lt in improved cot ton insect management and 
higher y ie lds ( Economics and Sta t i stics Service 198lb) . 

The USDA repor t adm i ts that there i s  a deg ree o f  uncerta inty in 
the De lph i est imates of contro l  costs and y ie ld s ,  but no uncertainty 
i s  expressed about the cost estimate s of be ltwide OPM or BWE programs 
( Economics and Sta t i st ics Service l9 8lb) . The cons idered opinion of 
the NRC COmmi ttee is tha t there is cons iderable uncertainty in both 
the bene f i t  and cost estima tes ,  and that thi s  uncer tai nty i s  su f f i ­
c iently high t o  prec lude the ir  be ing used a s  a bas i s  for dec i d i ng 
between progr ams . The Commi ttee be lieve s tha t producer s in some 
reg ions might bene f i t  cons iderably in economic terms from publ ic bo l l  
weev i l management o r  eradicat ion b u t  tha t the na tion ' s total agr icul­
tural  product ion wou ld not change very much . 

consumer Bene f i ts 

The USDA economic eva lua t ion repor t conc ludes that a succe ssful 
erad ication or control program wou ld lower the cost of produc ing a 
pound of  cotton in  some area s and thu s encourage mor e cotton to be 
produced . The resu lt of thi s  i ncreased e f f ic iency and product ion of 
cotton wou ld be to reduce the pr ice of cotton and other agr icu ltural 
products to consumer s in the u. s. and abroad . Th i s  conc lusion i s  not 
surpr i si ng ,  s i nce consumer s genera lly have bene f i ted from past im­
provement s in agr icultural  produc t iv i ty .  

I n  dollar term s ,  the USDA repor t ( Economics and Statistics 
Service l98lb)  pre sents consumer bene f i t s  for f ive d i fferent types of  
program ( OPM-NI , OPM-PI , OPM- I , CIC-BWE , and OPM-NI -BWE ) over the 
long term--the se are the tota l pre sent dol lar va lue s of a l l  fu ture 
year s '  benef i t s .  A d i scount rate of 7 . 12 5  pe rcent was used . About 
40 perc ent of the se est imated consumer bene f i ts are from a reduct ion 
in the pr ice of cotton of between 2 . 2  and 3 . 6  pe rcent (or 1 . 7  to 2 . 7  
cents per pound) , and the remaining 6 0  perc ent are from the expec ted 
reduct ion in the consumer costs of the cotton seed s and crops tha t  
compr i se the u . s .  feed-g r a i n  complex--name ly , soybeans , corn ,  cotton 
seed s ,  soybean mea l ,  and so o n .  The tota l consumer bene f i t s  are 
e st imated to r ange from $4 . 17 b i l l ion for the C IC-BWE program to 
$6 . 4 6 bi llion for an OPM-NI -BWE program ( see Table 5 . 2 ) . 

The net bene f i ts of  each of the f ive programs are the above 
bene f i t s  to consumer s minus the cost of the program and minus a loss 
in net income to cotton and other agr icultura l producer s .  The net 
market bene f i t s  range from $2 . 4 4  to $3 . 89 b i l l ion ( see Table 5 . 2 ) . 

The est ima ted program costs to be pa id by the government are 
sma l l  relat ive to the net mar ke t benef i t s .  The USDA repor t states 
that consumer s cou ld a f ford to compensate agr icu ltur a l  producer s  for 
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rABLE s . 2 Present Values of Benefits and Costs for Alternative 
Boll Weevil Management Programs !I 

Group or Item 

Consumer benefits s1 
Net income to cotton 

producers 

Net income to other 
producers 91 

Program costs paid 
by the government e/ 

Net market 
benefits Y 

B/C ratio sf 

I 

! 
Changes in Present Values Bf 

I I 1---------r-------r------�r-------�r-----------
IOPM-NI PPM-PI I OPM-I �IC-BWE f>PM-NI-BWE 
I I I I I 
1 --------�------�Billion pollars--;-----------

4 . 58 : 4 . so s . l6 f4. 17 1 6 . 46 
I I I I I I - . 85 l -. 8 4  -. 6 0  :- . 42 l - . 96 
I I I I I I I I I I I I 

- 1. 10 �1. 09 -1. 04 �. 84 -1. 3 7  

. 06 . 12 . 4 4 . 1 6 . 24 

2 . 57 2 . 4 5 3. 07 12 . 7 5  3. 89 
I t I I 

44 : 1  2 1 : 1  8 : 1  1 18 : 1  17 : 1  
I 

!I Net benefits and B/C ratios are based on unrounded data . Represents 
changes in present values of benefits and costs as compared with a 
baseline representing current insect control . 

Bf Future benefits and costs in 1979 dollars , discounted at a 7 . 125  
percent rate in perpetuity . 

sl Consumers include all market participants beyond the farm gate , 
including processors , mills and final consumers . 

91 Includes producers of soybeans , corn for grains , grain sorghum and 
small grains . 

!I Producers were assumed to pay SO percent of eradication program 
costs , exclusive of capital costs and follow-up monitoring . 
Producer shares of proqram costs are reflected in returns to 
cotton production . 

Y Net market benefits equal the sum of above consumer and producer 
benefits less program costs paid by the government . Generally 
considered best criterion if there are no budget constraints .  

sf B/C ratios are calculated as the sum of consumer and producer 
benefits divided by public program costs . Generally considered 
best criterion if there are budget constraints . 

SOURCE : Economics and Statistics Service ( 198la)  
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any losse s  they suf fered i n  ne t i ncome as  wel l  a s  pay the full public 
costs of the program and still come out ahead . 

The NRC commi t tee , however ,  bel i eves that the probabi li ty that 
consumer s wou ld bene f i t  to such a degree from a boll weevi l  control 
or eradication program , which wou ld cost so l i ttle , i s  ex tremely 
small . 

Accord ing to the NRC Committee ' s  e st imate s ,  the reduc t ion in 
insect control costs plus the va lue o f  the increa sed cotton yield on 
hi stor ical cotton acreage wou ld r e su lt i n  a productivi ty gain of  only 
about $125  mi l l ion per year . Since the Un i ted State s  already pro­
duces a cotton crop each year that is wor th about $5 b i l l ion , such a 
product ivity ga i n  wou ld amoun t to only a 2 . 5  percent ga i n  over 10 
year s ,  or 0 . 2 5 percent a year . An expected produc t ivi ty gain of  th i s  
smal l  magn i tude cou ld have li ttle e f fec t . u.s. agr iculture a s  a 
whole produces about $14 0 b i l l ion i n  agr i cultura l commod i t ies each 
year . I t  seems unl ikely to the NRC Committee that such a r e la t ive ly 
sma l l  improvement in cotton product ivi ty would depre ss the ne t in­
comes of o ther producer s by $1 b i llion a s  the USDA repor t predicts 
( see Table 5 . 2 ) . For example , USDA est imates tha t  the cottonseed 
crop also wou ld r i se by 2 . 8  percent : th i s  wou ld mean an i ncrease in  
the cottonseed crop each year of about 130 , 000  tons of seed s .  Total 
u.s. product ion o f  oi l seeds from all types of crops , however ,  
amounts to about 61  m i l l ion tons a year . Thu s ,  the i ncrease i n  the 
cottonseed crop wou ld amount to only 0 . 2  pe rcent of the annua l oi l 
seed crop . The USDA economic eva luat ion repor t estimates that such 
an increase wou ld reduce the va lue of the cottonseed crop from the 
pre sent $580 m i l l ion a year to somewha t less than $500 m i l l ion . A 
more rea l i st ic view , i n  the NRC Committee ' s opi n ion , i s  that the 
pr i ce of cotton seeds wou ld dec line by a smal ler percentage than the 
pe rcentage of i ncrea sed product ion . The resu l t  wou ld then be a 
sl ight i ncrease in the value of the cottonseed crop . 

The USDA economic evaluat ion repor t cor rec t ly recogn i ze s  that 
any contro l or erad icat ion program for cotton bo l l  weev i l  wou ld have 
posit ive impac ts on net i ncome s of cotton producer s in areas inhab­
ited by the bol l  weev i l  but negat ive e f fec ts on the othe r areas and 
producer s of other commod i t ie s .  Such red i str ibut ion consequence s are 
impor tant to ind ividua ls sign i f icantly a f fected . The NRC Commi ttee 
believe s the pattern of the red i str ibution e st ima ted by the USDA team 
is cor rec t ,  but be lieves that the extent of the red i str i but ion has 
been overe st imated by USDA. 

The USDA ' s economic eva lua tion doe s not repor t  the consequences 
of the sequent i a l  reduc tion in produc t ion costs tha t  wou ld occur as 
the erad icat ion program moved across the boll weevi l- infe sted areas 
of the Cotton Belt . Producer s in  the i n i t i a l ly eradicated zone s 
wou ld rece ive the advantages of  product ion cost reduct ions , yield 
increase s ,  and reduced r i sk wi thout the d i sadvantage of reduc tion s in  
cotton pr ices . Conve r se ly , producer s i n  the last zone s to be  erad i ­
cated wou ld suf fer the d i sadvantage o f  pr ice reduction s wi thout the 
advantages . Th i s  has a lready begun to occur in the erad icat ion tr ial  
area of Nor th Ca rolina , where there has been a 75  percent i ncrea se i n  
the acr e s  planted in  cotton since 19 79 . 
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Economic Consequence s of Program Fa i lure 

There are several reasons why a beltwide erad icat ion or control 
program might not be  completed a fter i t  had been star ted . These 
inc lude a lack of the necessary fund i ng from the federa l  government , 
state gover nment s ,  or the grower s themse lve s ,  a fa i lure to obta in  the 
necessary regulatory laws through leg i slative act ion or by means of a 
grower referendum , or a fai lure of the program i tse lf to ach ieve 
eradicat ion in its  ear ly stages . The probabi l i ty tha t the program 
might come to a premature end wou ld be i ncreased to the extent that 
i ts economic coats were under sta ted . 

A prematur e end to the program wou ld cause economic harm to a l l  
of the producer s whose farms had not y e t  been reached by the program .  
These producer s wou ld have suf fered the economic damage of  a decl i ne 
in  cotton pr ices w i thout ever bene f i t t i ng from the reduct ions i n  
cost s postu lated as  resu lts of  the program . 

Eva luat ion of Program Costs 

In  197 3 the Sta nford Re search Inst i tute ( 19 7 3 )  conducted a study 
designed to est imate the costs of be ltwide eradicat ion of the boll 
weevi l .  Tha t study , which wa s based on the costs and results o f  the 
19 71 to 19 7 3  PBWEE exper iment , proj ected the h igh cost of a beltwide 
erad icat ion effor t a t  $2 . 4 6  bi l l ion and the low cost a t  $ 1 . 1 1  b i l l ion . 
The se projections , cor rected to take account of the inflat ion tha t  
ha s occur red since then ,  would r un from $2 . 24 to $4 . 9  b i llion . 

In contr a st ,  the USDA economic eva luat ion repor t implies that an 
i n i t ia l appropr iat ion of  $24 0  m i l l ion , invested a t  an i nterest  rate 
equa l to future inflation r a tes plus 7 . 125  percent , wou ld be suf f i­
c ient to pay a l l  o f  the gover nment costs of an eradication program 
( see Table 5 . 2 ) . 

The NRC Committee be lieve s ,  however ,  tha t the probabi l i ty of 
succes sfu l be ltw ide erad ication from an appropr iat ion of only $240 
million wou ld be extremely small , for at  lea st three reason s :  

• Th e  in i t i a l  requ ired capita l  and fac i l i ty outlays a r e  not 
taken into account in the e st imate of program costs . 

• The e st imated cost of fu ture erad icat ion oper a t ions appear s 
to be only a fr action of the oper a t i ng costs actual ly exper i­
enced i n  the BWE tr ial  i n  Nor th Carolina . 

• The eradicat ion tr i a l  i n  NOr th Carolina--conducted after two 
severe winter s had reduced the boll weev i l  popu lat ion--la sted 
three year s but beltwide erad icat ion costs include only two 
year s o f  program cost s .  

A larger probabi l i ty o f  success would necessar i ly be assoc ia ted 
w i th a larger appropr i a t ion for the be ltwide OPM or BWE program . TO 
ach ieve a very h igh probabi l i ty of succe ss w i th the BWE progr am-- for 
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example , 95 or 9 9  percent eradication wi thin 10 year s for the ent i re 
Cotton Belt- - i t  would be necessary to make an appropr i a t ion of per ­
haps a s  much as  $5  and $10 bi l lion ,  and t o  g ive government author i­
t ies the power to compel near 100  percent pa r t ic i pa t ion by cotton 
grower s .  The USDA repor t shou ld have included cost-bene f i t  ratios 
for d i ffer e nt leve ls of costs for both OPM and BWE . Higher costs and 
a.aller benef i t s  wou ld be associated w i th le ss favorable wea ther ,  
less coopera t ion from grower s and state governments , and delays or 
repeti t ion in executing the program . Because the economic eva luat ion 
repor t does not i nc lude alterna t ive costs and a l ternat ive bene f i t­
cost ratios for each program , an i nformed and i nte lligent dec i s ion 
about which program to se lect , if any , cannot yet be made . 

The NRC commi ttee feels  that the cost e st imates shown in the 
USDA economic evalua tion repor t for the three types of OPM prog rams 
are underestima ted . For example , est ima ted costs for scout i ng and 
aer i a l  appl icat ion o f  i nsect ic ides are unre a l i stic in re ference to 
cur rent opera t iona l practice s .  

The NRC committee there fore urges tha t a n  accur a te est ima te of 
progr am costs be deve loped by an i ndependent agency pr ior to any USDA 
reque st for public fund i ng of a be ltwide erad ica tion or management 
progr am .  

ENVIRONMENTAL CONSI DERATIONS 

The USDA environmenta l eva luat ion team repor t (APHIS l9 8la)  was 
prepared by member s  of  the Environmental Eva lua tion Sta f f  of APHIS 
and a subcontractor , Ke tron , Inc . , who prov ided an ana ly s i s  of the 
tr i a l  results (Mi l ler and Carpenter 1979 , Carpenter and M i l ler 198la , 
19 8lb) . Add i t iona l u npubl i shed data were provided by APH IS on insec­
t ic ide residue s  in NOrth Caro l ina and Mississippi dur i ng the f i r s t  
two year s ( 19 7 8  and 19 79 ) and later for the th i rd year o f  the tr i a l s .  
The se data consi sted of sample s of soi l ,  vegeta tion , wa ter , sed iment ,  
insec t s ,  mamma l s ,  b i rd s ,  and f i sh col lected under APH IS supervi sion . 
Samples  were  ana lyzed for 14 insectic ide s a t  the USDA Gulfport , 
Mi ssissippi laboratory (APH IS 198la) . 

The contr actor u sed the BOLL-1 Mode l crea ted by Ketron Inc . 
( Ar l i ng ton , VA) , the pr i nc iple s of wh ich have been out l i ned by 

carpenter and M i l ler ( 198la)  and consists of  seven modu les,  to 
address d i f ferent a spec ts o f  env i ronmenta l impact combined and nor ­
ma l ized to produce an overall  Q i ndex . The seven modu les were : 

• of f-s i te pesticide dr i ft ,  

• human i ngest ion , 
I 

• research confl ic t s ,  

• f i sh farms and ha tche r ie s ,  

• endangered and th reatened spec ie s ,  
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• w i ld li fe ,  and 

• aquat ics . 

The combined Q i ndex invo lved we ights for impacts de termined by a 
De lph i  survey o f  sc ient i st s  (Ca rpenter and Mi l ler 19 8la)  and thresh­
old va lues represen t i ng the leve l of ha zard not to be exceeded i f  the 
impact i s  to be j udged acceptable . 

Mon i tor ing the Env i ronmenta l Ef fects 
of  OPM , C IC ,  and BWE Tr i a l s  

Pr ior t o  the t ime the tr ials  began , the ma jor va lue of mon i tor­
i ng the i r  env ironmenta l e f fect s  appeared to be the generat ion of 
informat ion tha t cou ld be extrapola ted to be ltwide programs . Second­
ar i ly ,  technique s for assessing envi ronmenta l  e f fec ts cou ld be tested 
in the tr i a ls w i th a view toward eva luat i ng them for a beltwide 
e f for t . Sampli ng ,  analytical procedure , the appl icabi l i ty of simu la­
t ion mode ls , and problems w i th extr apola t ion might be so eva lua ted . 

A be ltwide bo l l  weevi l  erad ica t ion or con tro l program wou ld 
requ ire a thorough analy s i s  of  potential environmenta l r i sk s .  Such 
an ana lys i s  wou ld pre sumably be simi lar to an envi ronmenta l impact 
sta tement ( EI S ) --e i ther as a leg i slat ive requ irement or at least in 
the spi r i t  of the Nat iona l Envi ronmental Po l icy Ac t ( NEPA) of 19 69 . 
Recent g u ideline s  i ssued by the Counc i l  on Env i ronmental Qua l i ty for 
environmenta l impac t statements requ ire  tha t an i n i t i a l  publ ic 
sta tement be made de f i n i ng feder a l  obj ect ive s ,  r a i s i ng sign i f icant 
env i ronmenta l i s sue s (both r i sk s  and bene f i ts) , and examining 
alternative s .  There fore , any evaluat ion of  a be ltwide bo l l  weevi l  
management program shou ld examine a l l  alter na t ives--i nc lud i ng no 
manag ement , continuat ion of current prac t ices , implementation of new 
con trol strateg ie s ,  and erad icat ion-- i n  l ight of the probabi l i ty of 
ach i ev i ng the des ired obj ective s ,  the economic bene f its  ver sus costs,  
and the env i ronme nta l r i s k s  and impac t s .  

Gener i c  Envi ronmental I ssue s  

Ma nagement Concerns . The re were seve r a l  i ncon s i stenc ies in the 
De lph i proce ss from wh ich the i n sec t ic ide appl icat ion e stimate s were 
der ived . The est imates were strong ly inf luenced by per sons fami liar 
wi th CIC practice s  who had l imited knowledge of new management tech­
n iques be ing deve loped in the tr i a ls . Similar ly , i t  is unc lear how 
the deta i led management program from the OPM and BWE trials can be 
extr apo la ted to take account of the d iver s i ty of reg iona l pest and 
crop re lat ionsh i ps th roughou t the Cotton Belt . 

Environmenta l Constr a ints on Bol l  Weevi l Management . A number 
of envi ronme nta l factor s ,  both con trol lable and uncon trollable , would 
i nf l uence the e f fec t iveness of the var ious proposed programs . The 
prese nce and den s i ty of a lter nate plant host s ,  and the cond i t ion s for 
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reintroduction of weevi l s ,  would a ffect not only the e f f icacy of  
eradication but  also the extent and locat ion of buf fer zones .  The 
avai labi l ity and costs of water for ir r igation , fer t i l i zer s to aug­
ment reg ional d i f ferences in soi l fer t i l i ty ,  and methods of manag i ng  
other cotton pe sts cou ld af fect th e  future d i st r i but ion of cotton 
cult iva t ion , with or w i thou t bo l l  weevi l erad ication .  The se factor s 
shou ld have been con sidered i n  any be ltwide pla n .  

Shor t-Term vs . Long-Term Impac ts on Env ironmenta l Qua l i ty .  An 
intens ive beltwide eradica t ion program wou ld involve a trade-off  
between the ecolog ical  r i sks of shor t- term increases  i n  insec t icide 
residue s  and the long-term bene f i ts of an overa l l  reduction in insec­
t ic ide u se once erad icat ion wa s  ach ieved . The eradicat ion e f for t 
might fa i l  to reduce insect ic ide u se in the long run , however ,  e i ther 
through f a i lure to eradicate the boll  weevi l or , if erad ication wa s 
ach ieved , th rough the cont inued u se o f  insec t ic ide s to contrc l other 
pe sts . 

Ca tastroph i c  Ef fects o n  Biota . De sp i te statements t o  the con­
trary ( Economics and Sta t i stics Ser vice 19 8la) , i t  remains to be 
demonstra ted tha t spec ies capable of w i thstand ing cur rent cot ton 
insec t pract ice s wou ld not be se r iously a f fected by an OPM or BWE 
progr am. Dur i ng the ini tial  stages of a BWE program,  heavy and 
repeated appl icat ions of  gener a l  b ioc ide s ( such as  methyl parathion ) 
would be appl ied to a major par t of the agr icultur a l  envi ronment . 
These might cau se ir r evocable damage s to l i fe forms that wou ld not 
recover at subsequent lower insectic ide leve l s .  Example s inc lude 
honeybee s ,  o ther pollinator s ,  biolog ica l con tro l  agents , endangered 
or th reatened spec ies  w i thout the r e s i l iency for popu lat ion recovery , 
and coa sta l and e stuar i ne she l lf i sh ,  whose extreme ly low tolera nce 
for d i flubenzuron cou ld r e su lt in substantial  k i ll s .  The occupa­
tiona l exposu res of wor ker s and the potential  e f fects of increa sed 
insec t ic ide u se on the health of human popu la t ions in the reg ion a l so  
deserve carefu l scr u t i ny .  

Ef fects on Land use . Bo l l  weevi l erad ication cou ld inf luence 
land u se , a l though it is unc lear whe ther the current pa tter n s  of 
cotton acreage wou ld chang e .  It i s  also unc lear where , and i f ,  
cotton wou ld be compe t i t ive w i th other agr icu ltural  land use s ,  o r  i f ,  
with i ncreased cotton y ield s ,  the acreage planted would be i ncreased 
or decreased , or if fa llow land s and those in plantat ion sy lvicu lture 
would be conver ted to cotton produc t ion . Othe r external factor s ,  
such a s  wa ter ava i lab i l i ty and energy costs , cou ld conce ivably d irect 
future demands on agr icu ltur a l  produc t ivi ty to a reas former ly un im­
por tant agr icu lt ura lly . The potent ia l envi ronmenta l  e f fects of 
intens i f ied souther n  agr iculture in  gene r a l ,  and cotton agr ic ulture 
in pa r t icula r , shou ld there fore be examined . I ssues  tha t need to be 
addre ssed inc lude increased soi l  eros ion , the e f fect of concomi tant 
increa se s i n  su spended solids on sur face water qua l i ty ,  and degr ada­
tion of the soi l  fer t i l i ty of so i ls in the South tha t are st i l l  
recover ing from previous intensive agr icu ltur a l  use . 

None o f  the a forement ioned i ssue s have been adequate ly dealt 
wi th in  the in i t i a l  env ironmenta l eva luat ion s of  be ltwide boll weevi l  
management a lter nat ive s  by the USDA team . Be fore the adopt ion of  any 
management s trategy , pa r t icu lar ly be ltwide erad icat ion , the se i ssue s 
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should be sc ie nt i f ica lly examined . OUtlined in the fol lowing sec­
t ions are the environmental factor s ,  types o f  data , and source s of 
i nforma tion tha t shou ld be uti l i zed i n  such an a ssessment . 

Env ironmenta l Tox icology and Hea lth 

One o f  the maj or exter na l i t ies result ing from the mass ive em­
ployment of insec t ic ide s for cotton insec t control i s  the ir  e f fec t on 
non-target organi sms and on overall  env ironmenta l qua l i ty .  Al though 
there are at pre sent at lea st 36 insec t icides regi stered for cotton 
insec t contro l , a relat ive ly sma ll number are  predominant ( see Tab le 
2 . 2 ) . Be fore 19 4 6 , calc i um a r senate compr i sed more than 9 0  percent 
of the tota l amount of insecticide applied . From 19 4 6- 19 5 5 ,  DDT and 
toxaphe ne compr i sed a t  least 90 percent of  the tota l appl i ed .  By 
19 6 4  ( the t ime of the f ir st rea sonably accurate survey ) toxaphene 
compr i sed 34 pe rcent , DDT 30 percent , and methy l par a th ion 1 1  percent 
of  the tota l .  By 19 7 1 ,  toxaphene was 3 8  percent ; DDT , 18 percent ; 
and me thy l parathion ,  31  percent . By 19 7 6 , toxaphene compr i sed 44 
percent ; me thy l para thion , 3 1  percen t ;  and E PN ,  10 pe rcent . The mix 
ch ang ed rapidly becau se of pest resi stance , loca l pest problems,  
wi thdrawa l of compounds by the manufac turer (e . g . ,  ch lord ime form in 
19 7 6 ) , ana legal  re str ictions on the u se of  DDT in 19 7 3 ,  a ldr in and 
dieldr i n  in  19 7 4 , heptachlor and chlordane in  19 7 6 , and endr in in  
19 79 ( NRC 1 9 7 5 )  ( see Table 2 .  2 ) .  

I t  i s  e st imated that a tota l of about 2 . 3  x 109 lbs . of insec­
ticide ( >200  lbs . per acr e ) have been appl ied to u . s .  cotton soil-­
largely calcium a r senate , 850 x 106 ( tota l > SO lbs . pe r  acr e ) ; 
DDT , 500  x 10 6 lbs . ( >50  lbs . per acre) ; toxaphene , 6 0 0  mi llion 
lbs . ( >60  lbs . per acre) ; and methy l pa r a thion ,  300  x 106 lbs . (>30 
lbs . per acre) . The overall  envi ronmenta l e f fects have var ied but 
have inc luded widespread soi l  contaminat ion w i th per s i stent re sidues 
of ca lc i um a r senate , DDT , and toxaphene ; la rge k i lls of f i sh ;  wide­
spre ad mor t a l i ty and decreased reproduct ion of terre str i a l  w i ld l i fe ; 
substant i a l  mor ta l i ty in honeybee popu lat ions ; dec ima tion of bene f i­
c ial  par a s i te s  and predator s ;  and ubiqu i tous contamina tion of the 
bod i e s  of f i sh , mamma l s ,  b i rd s ,  and human be ing s .  

Unfor tunate ly , systema t ic data to quan t i fy the se e f fects  are 
scarce , but some idea of  the preva lence of  insectic ide residues in 
the cotton Be lt can be gained from data provided by the nationa l soi l  
and a ir mon i tor i ng prog rams of the Env i ronmental Protect ion Agency 
shown in Tables 5 . 3  and 5 . 4 .  Heavy use of calc ium a r sena te i n  
cotton-growing areas ha s le ft  res idues tha t  have persi sted for 25 
year s or more . Compared w i th the nat iona l averages for cropland 
soi l s ,  re s idue s o f  DDT and its  brea kdown products ( re fer r ed to a s  
DDT-Total o r  DDT-T) and of toxaphene occur at  substant ially h igher 
leve ls in the cotton-growi ng state s (Table 5 . 3 ) . 

The a i r-mon i tor i ng data from suburban loca tions in  three cotton­
belt c i ties (Montgomery , AL ; Li t t le Rock , AR; and Monroe , LA) show 
substant ially h i gher a i r borne residue s  of DDT-T , toxaphe ne , me thy l 
para th ion , and endrin  than are present in  c i t ies mon i tored ou ts ide 
the cotton-growing area ( Table 5 . 4 ) . 
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TABLE 5 . 3 Mean values of insecticide res idue in ppm in cropland soi l s ,  1969.  

Insecticide States 
AL AR AZ CA GA LA MS NC sc 43-states 

Arsenic 6 . 11 8 . 98 6 . 58 5 . 1 5  2 . 61 2 . 1 5 5 . 70 6 . 18 3 . 28 6 . 43 

DDT-T 1 . 1 3 0 . 67 0 . 76 1 . 47 0 . 96 0 . 99 2 . 06 0 . 53 1 . 17 0 . 31 

Dieldrin 0 . 01 0 . 02 - - 0 . 02 >0 . 01 0 . 02 0 . 01 0 . 08 0 . 04 0 . 03 CD 
w 

Endrin >0 . 01 0 . 01 0 . 07 0 . 01 0 . 02 >0 . 01 0 . 01 >0 . 01 >0 . 01 >0 . 01 

Toxaphene 0 . 69 0 . 27 1 . 09 0 . 16 0 . 60 0 . 57 0 . 78 0 . 28 0 . 10 0 . 07 

SOURCE: Wiersma et al . (1972)  
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TABLE 5 . 4  Average concentrations of insecticide in the air in ng/m3 in suburban areas in the 
United States , 1972 and 1977 . 

Suburban Region 

Jan .  - Dec . 1972 

Montgomery , AL 

Little Rock , AR 
Monroe , LA 

Augusta , ME 

Colwabus , OR 

Salt Lake City , UT 

Miami , FL 

Topeka I KS 

Louisville , ICY 

Nov . 1976 - Sept . 1977 

Greenville , MS 

Midvale , UT 

Pasadena , CA 

Wheaton , IL 

ND • None detected . 

E.!R ' -DDT DDT-T 

8 . 0 13 . 2  

5 . 3 9 . 6  

12 . 5  19. 5 

3 . 6  6 . 5  

3 . 3  6 . 3 

2 . 1  6 . 1  

0 . 7 0 . 11 

3 . 7  7 . 1  

7 . 0  11 . 6  

p ,p ' -DDT Chlordane 

1 . 61 

1 . 53 

5 . 48 

6 . 70 

0 . 68 

ND 

4 . 02 

0 . 08 

Insecticides 

Dieldrin Endr in 

1 . 2  0. 6 

1 . 5  0 . 3 

1 . 0  0 . 3 

0 . 8  HD 

0 . 9 ND 

1 . 0  HD 

0 . 5 ND 

1 . 1  ND 

1 . 6  ND 

Diazinon Malathion 

2 7 . 52 

0 . 16 

0 . 48 

ND 

15 . 04  

ND 

ND 

1 . 2 3 

Methyl parathion Toxaphene 

4 . 1  1 3 . 1 

6 . 4  41 . 0  

2 . 1  120 . 6  

3 . 7  ND 

1 . 8 HD 

HD ND 

ND HD 

2 . 8  HD 

0 . 9  ND 

Methyl parathion Toxaphene 

4 . 99 

ND 

ND 

HD 

9 . 34 

HD 

ND 

ND 

SOURCE : Ann E .  carey , EPA Off ice of Toxic Substances ,  Washington , DC ,  personal CODIIlunication , 197 9 .  

(X) � 
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Moni tor i ng of l iving organi sms reflects the genera lly hi gher 
pollu tion of the Cotton Be lt environment by insect ic ide s ,  although 
there are few comprehens ive surveys .  A compar i son of residue s of 
per si stent insect icides in the wing ti ssues of woodcock (McLane et 
a l .  197 8 )  showed much higher residues of DDT , dieldr i n ,  and hepta­
ch lor epox ide in birds from LOu isiana and the • tr i -states•  (Georg i a ,  
Nor th and Sou th carolina) than from Ma ine o r  Mich igan (Table 5 . 5 ) . 
The nat ional moni tor ing program for per s i stent pesticides in  human 
adipose t i ssues shows that DDT residue s among inhabi tants of the 
Cotton Be lt are substantially higher than those of other state s  
(Table 5 . 6 ) . 

The effect of spec i f ic insec t icides upon environmental qua l i ty 
ha s been severe .  Toxaphene , or ch lorinated camphene , ha s had the 
w idest use of a l l  the per si stent organoch lor ine insect icides on the 
cotton crop . Composed of at least 17 5 individua l chlor inate� ter­
pene s ,  of which 2 , 2 5-endo-6-exo-8 , 9 , 9 , 10-octachlorobornane is the 
most act ive i ngredient , toxaphene i s  water -soluble to about 0 . 40 ppm 
and has an average oc tanol/water par t i t ion of 8 2 5  ( Sanbor n e t  al . 
1976 ) . Toxaphene , on the average , persi sts in  soi l  for 3 to 10 year s 
and up to 6 year s i n  water ; i t  i s  bioconcentra ted up to 100 , 000-fold 
in fish ( NRC 197 5 ) . As shown in Table s  5 . 3  and 5 . 4 ,  toxaphene resi­
dues i n  the Cotton Be lt are h igh and ubiqu i tous . 

TOxaphene i s  highly tox ic on an acute basi s .  The rat or a l  
LD5o i s  6 9  mg per kg ; gu inea pig , 15 ; ma llard , 71 ; pheasant , 40 ; 
bobwhite , 8 5 ;  and sharp-ta i led grou se ,  10 -20 . TOxaphene i s  extreme ly 
tox ic to f i sh , w i th  te50 va lues for rainbow trout 0 . 0028 , blueg i l l  
0 . 00 3 5 , and black bullhead 0 . 0 0 5  ppm . FOr aqua t ic invertebrate s ,  
LC5o values range from 0 . 006-0 . 180  ppm ( Pimentel 1971) . Fish in  
water exposed to toxaphene leve ls as  low as  0 . 00 0 5  ppm suffer from 
•broken back • syndrome , a crippling col lagen deformi ty (Mehr le and 
Mayer 19 77) . TOxaphene ha s been demonstrated in several bioassays , 
inc luding the Nat iona l Cancer Insti tute bioassay , to be h igh ly carc i­
nogen ic in  rats and mice ( Reuber 19 7 9 ) . 

Methy l  parathion ,  or 2,�dimethy l 2-�ni tropheny l phosphoro­
thionate , i s  the organophosphorus insec t ic ide most wide ly used on the 
cotton crop . Unl i ke toxaphene , methy l parathion i s  substantially 
biodegradable , a l though soi l  per si stence up to 5 yea r s  and water 
per si stence up to 2 year s have been recorded ( NRC 19 7 5 ) . Methy l 
parathion ha s a water solub i l i ty of about 20  ppm and an octanol/water 
part i tion of about 800 . Me thyl para thion i s  not bioconcentra ted to 
any mar ked degree . I t  i s ,  however ,  an extremely toxic insecticide on 
an acute bas i s :  th e  ora l LD50 for r a t s  i s  14-24 mg per kg ; for 
mal lard s ,  10 . 0 ;  and for pheasants ,  8 . 2 .  The LC5o values for f i sh 
are 2 . 7 5 ppm for rainbow trou t and 5 . 7 2 ppm for blueg i l l .  For 
aquatic inver tebra tes ,  te50 values range from 0 . 005  to 0 . 0 70  ppm 
( Pimente l 19 71) . 

The widespread use of methy l parathion i s  a constant tr.reat to 
the hea l th of farm wor ker s because of i t s  h igh toxic i ty when inha leu 
or contacted by sk in . In cotton-growing areas in Texa s ,  25 percent 
of the wor ker s loadi ng spray planes repor ted acutely toxic effects . 
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TABLE 5. 5 Averaqe insecticide residue levels in woodcock wing muscle 

tissue (ppm) , 1971-197 2 .  

State DDT DDE Dieldrin Heptachlor epoxide 

Tri-state area 6 . 82 26. 03 1 . 64  0 . 51 

(GA, lk: ,  and SC )  

LA 2 . 97 9 . 80 2 . 46 0 . 69 

ME 1 . 19 4 . 07 0 . 16 HD 

MI 0 . 92 3 . 16 0. 20 NO 

NO • none detected . 

SOURCE : McLane et a1 . (1978 ) 

The extent o f  me thy l parath ion poisoning among f ie ld wor ker s ,  flag­
men , and residents--in par t icular , chi ldren--i s  unknown because of 
inadequa te reporting pr actice s .  The use in El Sa lvador in  197 2  of 
4 , 80 0 , 000  lbs . of  methy l parath ion and i t s  even more dangerous r e la­
tive para thion resu lted in 2 , 8 6 1  repor ted case s of po i soning and 30 
dea th s .  About 2 , 560 , 000 pounds of act ive parath ion ingred ients were 
applied to u. s .  cot ton in 19 7 1  ( see Table 2 . 2 ) . The WOr ld Hea l th 
Organi zat ion estimates that abou t  500 , 00 0  acc identa l  po i son i ngs and 
about 20 , 000  fatalities  occur wor ldwide each year , largely from the 
u se of methy l parath ion and par ath ion (Copplestone 19 7 7 ) . 

Other insecticide s used to con trol cotton insect pests are also 
ha zardous to environmenta l qua l i ty and human hea lth . Endr i n ,  or 
1 , 2 , 3 , 4 , 10 , 10 -hexach loro-6 , 7-epoxy- 1 , 4 , 4a , 5 , 6 , 7 , 8 , 8a-octahydro- l ,  
4-� ,�5-8 , -dimethanonaph the lene , i s the most tox ic of  the 
wide ly u sed organoch lor i ne s .  The r a t  or a l  LD5o i s  1 . 5  to 17 . 8  mg 
per kg ; mallard , 5 . 6 ;  pheasant ,  1 . 8 .  Endr in is the most toxic insec­
t icide to f i sh ,  w i th an LC5o value for r a inbow trout of 0 . 0018 ppm , 
and for blue g i lls , 0 . 0 0 0 3 5  ppm ; i t s  LC50 va lues for aquat ic inver­
tebrate s  range from 0 . 00 2  to 0 . 020  ppm ( Pimentel 19 7 1 ) . Endr in has 
an oc tanol/water par t i t ion of 1 , 600  and a water solub i l i ty of 0 . 06 
ppm . I t  bioconcentrate s  to a t  leas t  3 , 000 -fold . Endr in ha s a soil  
ha lf- l i fe estimated at  4 to 8 year s .  End r i n  has been respons ible for 
w ide spread f i sh k i lls  and damage to vertebrate and invertebra te 
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!aBLE 5 . 6  Average insecticide reaidue levels in ppm in human 
adipoae tiasuea,  1968 . 

State InHcticide 

DD-T Dieldrin 
White Black White Black 

AL 5 . 92 11 . 36 0 . 01 0 . 00 

AR 1 3 . 2 3 28 . 86 0 . 2 1 0 . 1 0 

GA 9 . 68 11 . 70 0 . 18 0 . 19 
lA 8 . 55 14 . 75 0 . 1 0 0 . 06 

NC 7 . 73 13 . 21 0 . 11 0 . 1 1 

TE 9 . 28 14 . 14 0 . 17 0 . 08 

22-atate average 6 . 32 12 . 06 0 . 12 0 . 14 

SOURCE : U .  S .  DHEW ( 1969) . 

w i ld l ife ( Pimente l 19 7 1 ) . Approximate ly 1 , 06 8 , 0 0 0  lbs .  (act ive 
ingred ient) of endr in  were applied to u . s .  cotton in  1971 ( see Table 
2.2) . 

The organophosphoru s  insectic ide EPN , or 2-ethyl 2-�nitrophenyl 
pbenylphosphonothioate, is also extreme ly ha zardou s .  I t  has a rat 
ora l  LD50 of 7 . 7  to 36 � per kg , ma llard , 3 . 1 ,  pheasant , 53 J 
partridge, 14 .  Few stud ies have bee n made of the environmental 
effects of EPN , but it is known to be a de layed neurotox in tha t can 
produce ir rever s i ble paralysis in ch ickens at  very low leve ls of 
acute or ch ronic inge stion . About 6 , 14 0 , 0 00 lbs . (ac tive i ngred ient ) 
of EPN were appl ied to u . s .  cotton in  19 7 6 . 

Data provided by the USDA envi ronmental evaluation team frbm 
Delphi e atimates of the insec t ic ide s likely to be used and the i r  
application r a tes in a be ltwide erad icat ion progr am , as we ll a s  data 
on the insecticides used in  the OPM and BWE tr ials , indicate that 15 
chemical foraulations (and d i f lubenzuron , which i s  not inc luded in 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Cot ton  Bo l l  Weev i l :  An  Eva lua t ion  o f  USDA Programs :  a  Repor t
h t tp : / /www.nap.edu/ca ta log .php?record_ id=18570

http://www.nap.edu/catalog.php?record_id=18570


88 

the table) are l i ke ly to be employed (Table 5 . 7 ) . Four insecti­
c ides--d imethoate , endr i n ,  fenva ler ate ,  and sulprofos--were used in 
the OPM tr ial but not in the BWE tr ial (Table 5 . 8 ) . All formulat ions 
were used in at least two of the three tr ial year s ,  except for ace­
phate , a z i nophosme thy l ,  and chlorpyr i fos in the OPM tr ia l .  Of these 
16 i nsectic ide s ,  only 7 (ch lorpyr i fos , d i flubenzuron , EPN , fenva ler­
a te , me thyl par a th ion , perme thr i n , and toxaphene)  were mon itored by 
APHIS in the environment sur round ing the Nor th Carolina and Mi ssi s­
s ippi trial area s .  

Dur i ng the three year s of  mon i tor i ng by USDA , only 3 i nsec t ic ides 
used i n  the tr ia ls  wer e  detected (Carpenter and Mi ller 198la) . Me thyl 
par a thion (mean cone . 0 . 0 19-0 . 06 1  ppm , max . cone . 0 . 4 7 7-0 . 83 0  ppm) 
wa s detected in 6 percent of 315 sample s of avian t i ssue , and ch lor ­
pyr i fos (mean cone . 0 . 0 0 4-0 . 506  ppm , max . cone . 0 . 237-0 . 300 ppm) in  1 
percent o f  the sample s .  No res idue s were detected in  60  wa ter sam­
ples and 7 0  sed iment sample s dur i ng the tr ial  year s .  No f i sh or 
aquatic b iota were ana lyzed . It is d i f f icult to under stand why there 
were not more s igns of  residues , why only a small number of  the 
insec t ic ide s were detec ted , and why parath ion and mala th ion were 
detected even though they were not repor ted to have been used i n  the 
trial s .  The absence of  posit ive signs of res idues wa s cer ta inly due , 
i n  part , to the fac t  tha t not all  16 i nsect ic ides were ana lyzed for . 
The env ironmenta l sampl ing des ign and analytica l techniques used i n  
the moni tor i ng were not expla ined . A t  best , however , the da ta are 
entirely inadequate for extrapolat ion to a be ltwide leve l .  

The known toxic i t ies o f  var ious i nsect ic ides to non-target biota 
are shown in Table s 5 . 9 ,  5 . 10 ,  and 5 . 1 1 .  The few data repor ted from 
the moni tor i ng program for birds and mamma ls are well be low LD5 o 
va lue s .  Aqua tic organ i sms , however ,  a r e  much more sens i t ive to 
near ly a l l  of the i nsectic ides used . The extens ive l i tera ture on 
insectic ide-re lated f i sh k i lls makes i t  very hard to under stand why 
aquatic biota were not moni tored . 

The measurement of insecticide res idue s  i n  soi ls should have 
been initiated be fore any add i t iona l i nsect ic ide s  were applied and on 
a cont inuing ba sis a f terwards .  Th i s  wou ld have prov ided a pretr ial  
background measurement of insec t icide res idue s in agr icultura l  soils 
and measurements of  the rates of accumulation .  The se accumulat ion 
rate s ,  toge ther w i th information on rates of appl ica t ion s ,  would have 
been va luable for mak i ng beltwide extrapola t ions . Moreover , the soi l  
analysi s appear s to have proceeded independently of  informa t ion about 
actual appl icat ions of insectic ides . For example , an attachment to 
the USDA env ironmenta l evalua t ion repor t (Carpenter and Mi ller 198la) 
l i sts 15  insec t ic ides appl ied to the tr ial  area i n  Panola county 
between 197 8  and 198 0 , however ,  the ana lysi s  of pesticide residues 
d id not i nclude most of those insectic ides tha t  were used in the 
trial  area . 

Organi sms in  aquat ic ecosystems a re notor iously sensit ive to 
insectic ide damag e .  Fie ld measurements in  sma ll cal ibrated dra i nage 
systems would have made it possible to est imate the amounts of insec­
ticides reaching aquatic ecosystems and the ir  subsequent d i lut ion , 
degr adat ion , concentr a t ion i n  sed iment and biota , and e f fects on 
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TABLE 5 .  7 Cotton inHcticide dat4 for OPM fields in Panola County , 

Mississippi . 

Chemical and 
�lication rate 

( lbs/acre ) 

Acephate 
1 . 3o-2 . 00 

AzinopboBilethyl 
0 . 16-0 . 25 

Chloridimefo:r:m 
0 . 13-0 . 25  

Chlorpyrifos 
0 . 33-0 . 50 

Dicrotophos 
0 . 10-0 . 25 

Dimethoate 
0 . 10-0 . 2 0  

Endrin 
0 . 27 

EPN 
0 . 5o-0 . 75 

Fenvalerate 
0 . 05-0 . 20 

Methcmyl 
0 . 3 o-0 . 45 

Methyl parathion 
0 . 25-1 . 50 

Monocrotophos 
0 . 2 Q-l . OO 

Pe:r:methrin 
0 . 10-0 . 20 

Toxaphene 
1 . 50-2 . 00 

Sulprofos 
0 . 50-1 . 50 

Average number of pounds applied 
per acre in the OPM area 

1978 1979 1980 

0 . 04  

0 . 01 

0 . 05 0 . 03 

0 . 01 

0 . 09 0 . 35  0 . 07 

0 . 02 0 . 35 0 . 07 

0 . 01 < 0 . 0 

0 . 28 0 . 38 0 . 22 

0 . 03 0 . 12 0 . 11 

0 . 22 0 . 3 3 < 0 . 0 

0 . 28 0 . 82 2 . 2 9 

< 0 . 01 0 . 01 0 . 02 

0 . 13 0 . 03 0 . 03 

0 . 05 0 . 52 

0 . 07 0 . 01 

SOURCE : Carpenter and Miller (198la ) 
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TABLE 5 . 8  Cotton insecticide data for CIC-MS sample fields in 
Pontotoc County , Mississippi . 

Chemical and 
application rate 

(lbs/acre ) 

Acephate 
1 . 30-2 . 00 

Azinophosmethyl 
0 . 16-0 . 25 

Chloridimeform 
0 . 13-0 . 25  

Chlorpyri fos 
0 . 33-0 . 50 

Dicrotophos 
0 . 1 0-0 . 2 5 

EPN 
0 . 50-0 . 75 

Methomyl 
0 . 30-0 . 45 

Methyl parathion 
0 . 25-1 . 50 

Monocrotophos 
0 . 2 o-1 . 0  

Permethrin 
0 . 10-0 . 2 0 

Toxaphene 
1 . 50-2 . 00 

SOURCE : Carpenter 

Averaqe number of pounds applied 
per acre in the OPM area 

1978 1979 1980 

< 0 . 01 < 0 . 01 

0 . 08 0 . 06 

0 . 03 0 . 01 

0 . 01 0 . 14 

0 . 11 0 . 01 

0 . 06 0 . 11 

0 . 07 0 . 12 

0 . 02 0 . 71 0 . 69 

0 . 10 0 . 01 

0 . 02 0 . 01 0 . 06 

0 . 01 0 . 72 0 . 13 

and Miller (198la) 
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TABLE 5 . 9  Avian toxicity data for selected insecticides . 

Pesticide Organism LDsoa 

(mg/kg) 

Carbamate 
Lannate Mallard duck 15 . 9  

Quail 15 . 0  

Insect growth regulator 
Diflubenzuron Mallard duck >2000 

Quail >5000 
Organochlorine 

Toxaphene Mallard duck 7 0 . 7 
Ring-necked pheasant 40 . 0  

Organophosphate 
Azinophosmethyl Mallard duck 136 

Ring-necked pheasant 74 . 9  

Chlorpyrifos Mallard duck 75 . 6  
Quail 16 

Dicrotophos Mallard duck 4 . 24 
Ring-necked pheasant 3 . 21 

Dimethoate Mallard duck 41 . 7  
Wild bird 5 0 . 7 

EPN Mallard duck 3 . 08 
Ring-necked pheasant 53 . 4  

Malathion Mallard duck 1485 

Methyl parathion Mallard duck 1 0 . 0 
Wild bird 50 . 7  

Monocrotophos Mallard duck 4 . 76 
Ring-necked pheasant 2 . 83 

Synthetic pyrethroid 
Permethrin Mallard duck >4640 

Fenvalerate Mallard duck >9932 

aLDs o i s  defined as the lethal dose to SO percent of the test 
population . References for the source of these data are given in 
Carpenter and Miller ( 1 98la) . 

SOURCE : After Carpenter and Miller ( 1 98la) • 
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TABLE 5 . 10 Acute mammalian toxicity data for selected insecticides .  

Pesticide 

Carbamate 
Lannate 

Insect growth regulator 
Diflubenzuron 

Organochlorine 
Toxaphene 

Organophosphate 
Azinophoamethyl 

Chlorpyrifos 

Dicrotophos 

Dimethoate 

EPN 

Malathion 

Methyl parathion 

Azodrin 

Synthetic pyrethroid 

Permethrin 

Fenvalerate 

Organism 

Mule deer 
Rat 

Rat 
Mouse 

Mule deer 
Mouse 

Mouse 
Rat 

Mouse 
Rat 

Mouse 
Rat 

Mule deer 
Rat 

Mouse 
Rat 

Rat 
Mouse 
Rat 
Mouse 

Mule deer 
Rat 

Rat 

Rat 

11-22 
27 

4640 
4640 

139-240 
112 

7 . 15 
13 

152 
145 

11 
16 

> 2 00 
152 

42 
8 

1400 
886 

12-16 
18 . 5  

25-50 
21 

410 

451 

aLDso is defined as the lethal dose to 50 percent of the test 
population .  References for the source of these data are given in 
Carpenter and Miller (198la ) .  

SOURCE : After Carpenter and Miller ( 198la) . 
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TABLE 5 . 11 Aquatic toxicity data for aelected insecticides . 

Pesticide Test Organism 

carbamate 
Lannate 24-h Channel catfish 0 . 92 

Insect growth regulator 
Diflubenzuron 96-h Channel catfish 370 

Diflubenzuron 96-h Rainbow trout 240 

Organochlorine 
Toxaphene 96-h Pinfish 0 . 0005 

Toxaphene 96-h Fathead minnow 0 . 014 

Organophosphate 

Guthion 96-h Brown trout 0 . 004 

Guthion 96-h Catfish 3 . 29 

Malathion 96-h Bluegill 0 . 103 

Malathion 96-h Catfish 8 . 97 

Methyl parathion 96-h Bluegill 1 . 6  

Methyl parathion 96-h Catfi sh 5 . 71 

Methyl parathion 96-h Crayfish 0 . 003 

Synthetic pyrethroid 

Permethrin 96-h Bass 0 . 0085 

Permethrin 96-h Channel catfish O . OOll 

Permethrin 96-h crayfish 0 . 00062 

Fenvalerate 24-h Rainbow trout 0 . 021 

aLCso is defined as the concentration of insecticide in the water 
that i s  lethal to SO percent of the test population . References for 
the source of these data are given in Carpenter and Miller (l98la) . 

SOURCE : After Carpenter and Miller (l98la) . 
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biota . Aqua tic systems linked w i th the cotton f ie lds should have 
been the major ecosystems sampled . The aquatic samples collected and 
analyzed were insuff icient in terms of the var iety of environmental 
components sampled a nd the number s of  repl icate s  taken . 

Environmenta l  Qual i ty 

The mon i tor i ng of ter r e s tr ial  biota cou ld have inc luded system­
atic sampl i ng o f  benef icial insects , pollinator s such a s  honeybee s ,  
insect ivorous bird s ,  r aptor s ,  and small mammals . In th i s  way the 
concen tration of chemicals  and the ir  e f fects on sen s i t ive orga n i sms 
might have been documented . As it was ,  only vegetat ion was routinely 
sampled . 

The BOLL-1 mode l  a l lows var ious environmenta l fac tor s tv be 
i ncluded in an over a l l  i ndex , Q ,  for each insect con trol a lter na t ive . 
Of the seven modu les , the Endangered and Threatened Spec ies Module 
seems to have been par t icu lar ly we ll eva luated (Carpenter and Mi ller 
l9 8la )  • The index yie lded a s ign i f icant environmental impact value 
for the BWE tr ial  in 19 7 9 , but subsequently Q wa s set arbi trar i ly at  
zero for 19 80 . The Offs i te Dr i f t  Module i s  we ll explained , but no 
actua l measurements of dr i f t  were made tha t  wou ld have a l lowed an  
eva luat ion of  i t s  assumpt ions . The role of wind in  d i sper sal was  not 
considered , nor wa s the pre sence of other crop spray i ng s .  The Human 
I ngest ion Modu le a ssumes a r a ther h igh dr i f t  of spr ayed insec t ic ides 
to non-ta rge t agr icultur a l  land ( 2 5 percent)  but assumes that dr i f t  
wou ld b e  equally appor t ioned over non-target  areas.  Thi s  module 
might have been made insecticide-spec i f ic to accoun t  for d i f ferences 
in  per s i stence , tox ic i ty ,  bioaccumula t ion , and so for th . Di f ferent 
pathways of exposure should have been i nc luded ( inha lat ion , wa ter 
intake , f i sh and w i ld l i fe consumption ) , as we ll as the informat ion on 
the cur ren t background leve l of insec t ic ide i ntake for human s .  

The Wi ldli fe Modu le u sed wh i te-tai led deer a s  a n  ind icator 
spec ie s ,  and hunter -k i l l  records were used to evalua te changes in the 
tr i a l  areas.  Th i s  was a dub ious procedure to use ,  cons ider i ng the 
size of the OPM area and the shor t-term nature of the record s .  Game 
birds (quai l ,  mour n i ng dove ) might be more s ign i f icant ind icator s 
than  deer i n  par ts of  the tr ial  area . In  1980 the wild l i fe modu le 
was set a t  zero . The USDA envi ronmenta l eva lua t ion team j udged the 
me thodology to be unsui table . 

The Re search Confl icts Module and the Fi sh Farms and Ha tcher ies 
Modu le both y ie lded zero resu lt s .  No research conf licts arose , and 
no f i sh ha tcher ies were located near the tr ial  areas .  Obv iou sly , 
extr apolat ion to beltwide programs wou ld change the results for these 
modules . The AqUat ics Module appear s to have fa i led because of lack 
of dat a .  No field data appear  to have been collected , nor were there 
adequate bod ies of water for sampl i ng biota near the f ie lds . 

The Overall  Index Modu le u lt ima te ly depended , therefore , on two 

i nd ices w i th non-zero va lue s ,  name ly ,  Of f s i te Dr i f t  and Human Inges­

tion . Other modu le s  e i ther d id not apply to the tr ia l areas ( Re­
search Con f l icts , Endangered and Threatened Spec ie s ,  and Fi sh Firms ) 
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or were not adequately measured (Wi ldl i fe , Aguat ics) . Compa r i sons of 
over a l l  i nd ices ca lcu la ted for OPM, BWE , or CIC tr ials thu s were 
based on minima l  cons iderations , and extrapolat ion to be ltwide pro­
gr ams wou ld not be valid . 

The overall i nd ices d i f fered greatly between 1979 and 1980 , and 
the con tractor ' s  repor t (Carpenter and Mi ller 198la ) and summar ies by 
APHIS ( 19 8la)  and the Economics and S ta t i s t ics Service ( 19 8la ) d i f­
fered i n  the i r  re su l t s .  Table 5 . 12 compares the Q index for these 
two year s for the two tr ial areas and the current insect contro l 
compar i son areas (Carpenter and Mi ller 19 8la , Economics and Sta t i s­
tics Service 198la) • The Q i ndex for OPM increased by a factor of 
f ive in  the second year , wh i le the Q index for BWE sh rank by a factor 
of seven . The index thus classi f ied BWE as the least desirable 
alter nat ive in 19 7 9  and the most des i rable in 1980 .  The d i fference 
between year s for OPM may have been due pr i nc ipa lly to a change i n  
insecticide u se i n  the area s (Carpenter and Mi l ler 198la) , bu t i t  i s  
not c lear why the C I C  i ndex e scalated by a n  order o f  magn i tude . The 
BWE i ndex for 19 79  i nc luded sign i f icant contr ibut ions from the w i ld­
l i fe and endangered spec ies modu le s .  I f  these are removed , the Q 
index drops from 86 . 2  to 39 . 8 ,  ma k i ng BWE more environmentally desir­
able than OPM but less so than C IC .  There i s  no indicat ion of what 
range of sta t i st ica l var iat ions the i nd ice s i nclude , nor how signi f i­
cant the d i f ference s among Q value s for d i f ferent tr ials might be .  

Endangered and Threatened Spec ies 

The most s ign i f icant environmental  impact of a be ltwide boll 
weevi l management  program wou ld be the d irect  and ind i rect effects of 
insec t ic ides on non-target organ i sms . Aquatic biota are c lear ly the 
most sen s i t ive ,  and natura l ecolog ica l proce sses would ult imate ly 
move and concentr a te insec t ic ide residue s i n  streams , r iver s ,  and 
estua r ie s  of the COtton Belt . Endangered spec ies are a spec ial 
concer n :  f i sh ,  mollusc s ,  rept i le s ,  and amph i bians const i tute the 
maj or i ty and , w i th the except ion of one sna i l ,  all  are inhabitants of 
aquatic ecosystems . The tox icology data summar i zed in  Tables 5 . 8 ,  
5 . 9 ,  5 . 10 provide no va lue s for mollusc s ,  rept i les , or amphibians . 
Sa ltwater cru stacea and fre shwater crayf i sh ,  a lthough not endangered , 
would also have to be examined closely pr ior to any beltwide program 
becau se of the ir h igh sens i t iv i ty to d i f lubenzuron (about 0 . 0 0 3  ppm) . 

unresolved I ssue s 

The i nformat ion provided to the NRC committee by the USDA env i ­
ronmenta l  evalua t ion team i s  a lmost exclu sive ly data generated dur i ng 
the three-year tr ials . The NRC Commi ttee be l ieve s tha t a truly 
comprehens ive env i ronme nta l evaluat ion would have to r e ly a s  we ll on 
the substant ial body of publi shed sc ien t i f ic data on insect icides . 
The USDA env ironmenta l eva luat ion team d id not adequately review and 
evaluate the extant data . 
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TABLE 5 . 12 Overall Index ( "Q" Index) for OPM , BWE , and CIC , 1 978-1 980 , as calculated by 
the USDA Environmental Evaluation Team . Note how different assumptions in 
the methodology employed change the final Q value (different estimates for 
the same years )  and how these changes drastically affect the ranking of 
suitable management alternatives .  

Trial Year 

1978a (rank} 197ab (rank} 1979c (rank} 

OPM 68 . 5  ( 2 }  2 5 7  ( 4 )  401 ( 4 )  

BWE 86 . 2  ( 3 )  160 ( 2 )  1 3 1  ( 1 )  

CIC 14 . 9  ( 1} 37 ( 1 }  2 0 7  ( 2 )  

Mississippi 

CIC - - - - 219 ( 3 }  2 2 1  ( 3 )  

North carolina 

197gb (rank} 

346 (4 )  

24 ( 1 )  

1 3 8  ( 2 } 

2 94 ( 3 }  

SOURCE : Numeric values obtained from the following inter-related sources :  

a .  Miller and Carpenter ( 1979) . 

198ob (rank) 

329 (4 } 

12 ( 1 }  

164 ( 2 }  

171 ( 3 }  

b .  Carpenter and Miller (198la , 198lb} , Economics and Statistics Service (198la} . 

c .  Carpenter and Miller ( 1 980) . 

\0 0\ 
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A fundamenta l shor tcoming in  the team ' s  repor t (APHIS 19 8la ) is  
that the tr ials  were not designed to measure environmenta l e f fects 
and thus  obta i n  the data necessary to pred ict the environme nta l 
effects of beltwide OPM or BWE progr ams . The pr imary emphases of the 
tr ial s  were biolog ica l e f fectiveness and economic pr actica l i ty .  Th i s  
cr i tic i sm a lone does not mean tha t a be ltwide program wou ld have 
unacceptable environmenta l r i sk s ,  bu t simply that  the tr ials prov ided 
inadequate informa t ion upon wh ich to ba se a be ltwide environmental 
assessmen t .  The cr i t ica l environmenta l  que st ion is whe ther a be lt­
wide program wou ld cause sign i f icant environmental deter ior a t ion . 

The exposures of  human be i ng s ,  wild l i fe , and f i sher ie s  resources 
to i nsec tic ides cannot be accur a tely est imated from the informat ion 
provided by the trial s .  Models for potential ingest ion wou ld have to 
use data on insectic ide degrada t ion , per s i stence , and tox ic i ty that 
were spec i f ic for each class  o f  insecticides be ing considered . I t  is  
not adequate to consider the ingest ion of agr icultural  products a s  
the on ly rou te of  exposu re-- the inha lat ion of  aerosols and su spended 
soi ls,  the u se o f  sur face wa ter s ,  and the ingest ion of dairy prod­
uct s ,  poul try , dome stic and wild an ima l s ,  and f i sh would also have to 
be evalua ted . 

USDA reviews of the OPM and BWE tr ials essentially d id not 
revea l any sign i f icant environmenta l  impacts (APHIS l9 8la) ; no obvi­
ous ,  shor t-term , acute e f fects were observable . Bu t the da ta are not 
adequate to demonstrate i n  unqual i f ied terms a lack of impact or to 
detect potential long-term and chronic envi ronmental impacts . 
Because no de f i n it ive statements on the degree and k i nd of envi ron­
mental e ffects can be made ,  no rea l i st ic est ima tes of the environmen­
ta l r isks  have bee n  i ncorporated in the ca lculat ions of the economic 
costs of be l twide erad ica t ion . 

The sole measure of environmental r i sk i s  tha t calculated by the 
BOLL-1 simu la t ion mode l ,  wh ich provide s a re lat ive impact index , Q 
(Carpenter and Mi ller 19 8la ) . The prec i s ion of th i s  index i s  que s­
tionable , s i nce there are no assoc iated measure s of unce rta inty . The 
range of  Q values i s  f ive to tenfold be tween 19 7 9 and 1980 for OPM , 
BWE , and C I C ,  r e spect ive ly . These deviations are , in  par t ,  due to 
d i f ferent insect ic ide applicat ions i n  each tr ial area i n  d i f ferent 
year s ,  bu t they are also a result of fundamenta l d i f ference s in the 
contr ibut ion of the var ious ind ices in d i f ferent year s . The fac t 
tha t  year-to-year var iat ions i n  Q for the same tr i a l  exceeded , in  
most case s ,  the d i f ferences between the tr ials make s the use fu lness 
of thi s approach doubtf u l .  

Conc lusions 

Beltwide boll weevi l/cotton insec t management programs would 
pose a number of potent ial env ironmental hazards wh ich were not 
eva lua ted in the USDA r i sk analysis  ( Economics and Stat i st ics Serv ice 
19 8la) . A number of envi ronmenta l i ssues ( Table 5 . 13 )  shou ld be 
addre ssed reg ion by reg ion be fore any program i s  adopted . Much of 
the i nformat ion nece ssary to do so (Table 5 . 14 )  can be obta ined from 
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TABLE 5 . 13 Factors which need to be considered in developing a 
beltwide environmental assessment of boll weevil 
eradication from cotton production regions of the 
United States . 

• Land area involved 

Acreage 
Land-use categories 
Categorization by drainage basins 
Endangered and threatened species 
Soil classifications/erodibility 
Regional precipitation 
Water discharge statistics 

• Quantities of chemicals utilized 

Cotton management alternative applications 
Acreages involved , temporal applications 
Inventory of pesticides to be used 
Analysis of chemical persistence on various media 

e Environmental fate 

Suspended solids in rivers 
Residence time in soils 
Water/sediment exchange coefficients 
Food chain concentration factors (aquatic & terrestrial ) 
Erosion potential by soil classification 
Sedimentation rates in rivers and estuaries 

• Ecological toxicology 

Toxicity thresholds 
Toxicology to aquatic resources (also estuarine) 
Toxicology to terrestrial resources 
Deleterious effects on natural environment 
Effects on beneficial insect fauna 

• Regional ecology 

Biological control alternatives 
Genetic engineering of cotton varieties 
Alternative hosts - boll weevil refugia 
Presence of regional aquatic and terrestrial economic resources 

• Compliance with environmental legislation 

Clean Air Act 
Clean Water Act 
Toxic Substances control Act 
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Table 5 . 14 Bxulple of extant data resources available for a 
beltwide environmental assessment of boll weevil 
eradication from cotton production regions of the 
united States . 

• Cotton production (by Water Resource Regions ) 

Acres planted 
Acres harvested 
Lbs/acre yield 
County statistics 

• ' cropland 
• ' cotton 
• ' other 

Yield with and without irrigation 
Yield by county 

• Land use 

Cotton (lbs/acre per county) 
Land use - rangeland/pasture 
Land use - cropland 
Land use - urban 
Land resource regions 
Land capability classes 

e Insecticides in the environment 

Residues in water (EPA) 
Residues in soils/sediments (USDA) 
Residues in food (FDA) 
Monitoring of bioaccumulation in biota 
Monitoring of residues in human adipose tissues 

• Climate 

Annual rainfall 
Moisture index 
Evapotranspiration index 
Annual temperature 
Min . annual temperature 
Max .  annual temperature 
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Table 5 . 14 (Continued) 

• Soils 

Erosion index vs rainfall 
Erosion index vs ' cropland in cotton counties 
Erosion index vs ' county in cotton 
Types ,  agricultural suitability classifications 

• Water resources 

Average runoff 
No . of lakes/state 
Major rivers/estuaries 
Principal drainage basins 
Surface water runoff 
Season ' s  highest streamflow 
Season ' s  lowest streamflow 
Water resource regions 
Suspended sediments 
Annual turbidity 
Water quality 

• Unique resources by Water Resource Region 

Rare and endangered species 
Wilderne ss areas 
Proposed wilderness areas 
National forests 
National parks 
National wildlife refuges 
National scenic rivers 
Research national areas 
Nature conservancy areas 
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exi st i ng sou rce s .  The future trend s  of a CIC program ,  an  OPM-BWE 
program w i th cont inued maintenance and the e stabli shment of a bu ffer 
zone , and a public ly managed OPM program are the three a lternatives  
that wou ld requ ire environmental evaluat ion . As  CIC improve s ,  the 
techno log ical d i f ference s between OPM and CIC wi ll  d i sappear w i th 
time . I n i t ially ,  howeve r , an OPM program wou ld have environmenta l 
advantages over CIC  i n  some reg ions of the Cotton Belt . Project ions 
of e nvironmental impac t shou ld also consider trend s  i n  cotton produc­
tion in the i nfe sted reg ion s i f  no be ltwide plan i s  implemented . 
Reduced cotton acreage and improved pr ivate cotton insec t control 
pract ice s might reduce the present  environmenta l impacts . 

The two major type s of envi ronmental e f fec ts appear to be 
( l) those re lated to changes i n  i nsecticide use patter n s ,  and ( 2 )  
those re lated to changes i n  cot ton acreage . I t  shou ld be possible to 
construc t  a ba se line est imate of the tota l insect ic ide load in  the 
Cotton Be lt reg ion by reg ion . Proj ec t ing th i s  est imate to cover the 
year s 1980 -2000 wou ld be more d i f f icult but wou ld seem to be neces­
sary for evalua t i ng the alter nat ive stra teg ie s .  The e st imat ion 
process shou ld i nclude insec t ic ide res idue concentrat ions in a i r , 
water , sed iment s ,  so i l s ,  food s ,  human ad ipose t i ssue , and se lected 
biota on a reg iona l ba si s .  The se proj ect ions should be stocha st ic to 
a llow for var i a t ions in space and t ime . The envi ronmenta l e f fects of 
implement i ng a be ltwide OPM or BWE prog ram shou ld be eva luated a s  
alternat ive s  t o  the proj ected envi ronmenta l e f fec ts o f  C I C  pr ac t ices . 

A BWE program ( the OPM-NI -BWE option) wou ld be expected to 
re su lt in  i ncreased chemical concentrat ions i n i t ially but reduced 
concentrat ions ove r t ime except in the Texas bu f fer zone , where h igh 
rates of i nsec t ic ide u se would cont inue , and i n  those parts of the 
sou theast where frequent spray i ng i s  requ i red to control He l ioth i s .  
USDA ha s not c lear ly determ ined whether b iota wou ld be adver se ly 
affected dur i ng the i n i t ia l  erad ica t ion phase s ,  but the she l lf i sh 
indu str i e s  would be placed in  a par t icular ly sensit ive posi t ion . 

Whe ther they wou ld surv ive the i n i t i a l  phase s of the program and 
bene f i t  from the reduced pha se i s  a que st ion that has not been 
answered techn ica lly , even though advocates of erad icat ion draw th i s  
conc lusion w i thout evidence ( EConomics and S tat i st ics Service 
198la) . Sim i lar ly ,  aquat ic systems would need to be eva luated in  
terms of chang es in  the sed iment load of insec t ic ides . SOC ioeconomic 
pressure s wou ld obviou sly be important factor s in proj ect i ng the s i ze 
of the se load s .  

SOme c lear environmental benef its wou ld accrue from genera lly 
reduced insec t ic ide use . Bene f ic i a l  insects and spider s wou ld become 
more impor tant par t s  of pest management programs , and aquat ic l i fe in  
streams and r iver s (e spec ially i n  the v ic i n i ty of f ield s  heav i ly 
spr ayed in  previous year s)  should bene f i t  from decreased use .  The 
estua r i ne systems of the At lantic and Gu lf Coasts might also re spond 
posit ive ly to reduced insec t ic ide u se .  Wi ldlife in ter restrial  
systems a lso shou ld bene f i t . TWO envi ronmental benef its appear 
l i ke ly to accrue to human be i ng s  d i rectly . One would be the de­
cre ased exposure of insec t ic ide applicator s and other f ie ld worke r s ,  
whi le the other wou ld be a reduced concentra t ion o f  insectic ide s i n  
human food stuffs and t i ssue s .  Wh i le the se are potential  bene f i t s ,  
they have ye t to be demonstrated as rea sonable probabi litie s .  
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SOCIOLOGICAL IMPLICATIONS 

The probabi l i ty of successfully carry ing out  an erad icat ion or 
OPM program wou ld rest heavi ly on human behavior . Be ltwide implemen­
tat ion of  an e r ad icat ion program would requ ire leg i slat ive act ion at 
the sta te leve l ,  and the economic and envi ronmental factor s tha t 
caused Nor th Carolina farme r s  to accept erad ica t ion regulat ions ( by 
mean s of  a referendum) m ight not ex i s t  i n  Texa s and thus influence 
the outcome of a re ferendum there . Wi thout the necessary reg u latory 
au thor i ty in each state , erad icat ion wou ld be impossible . 

On the other hand , areawide pest management would not requ ire 
tota l e l imi nat ion of  the weev i l  to be successfu l .  The OPM tr i a l  in 
Mi ssi ssippi demonstra ted the value of  a pe st  management program w i th 
a pub l icly funded i ncentive , and th i s  carrot-and-st ick approach might 
be more successf u l  in  obta ining near ly 100 percent par t icipa t ion 
among grower s than an educa t iona l approach . But in e i ther case , 
grower acceptance wou ld be much more l ike ly i f  the program se lected 
for implementat ion allowed flex i bi l i ty and ind iv idua l choice , wh ich 
are a lways more acceptable to the Amer ican farmer than gover nmental 
decree s .  

The data deve loped i n  the OPM and BWE tr ials c lear ly show that 
area programs are more succe ssful i n  ma inta ining low boll weev i l  
popu lat ions than the •each-grower -do-h i s-own- th i ng •  approach (CIC) . 
Thu s ,  i t  wou ld seem log ica l to cons ider var iou s scenar ios tha t  m ight 
provide the impe tus for grower acceptance of a be ltw ide OPM or BWE 
program .  

Opt imum Pe st Management 

The approach u sed in Panola County wa s a good example of farmer­
gover nment cooperation to ach ieve a goal . The u se of a subsidy , 
ma inta i ned for 3 year s in the form of compensat ion for weev i l  d i a­
pause treatment s ,  was extreme ly successfu l .  I t  sugge sts that such a 
mode l wou ld be u se fu l e l sewhere i n  the Cot ton Be l t  to obta i n  areawide 
par t ic ipa t ion . 

The cessat ion of the subs idy w i l l  mean tha t a cer ta in percentage 
of grower s w i l l  cease mak i ng d iapau se treatments . How large a per­
centage w i l l  do so rema ins to be seen , but the bene f i ts of the tr i a l  
should per suade most  of the grower s , perhaps 7 5  percent , t o  cont inue 
doing so . I f  weev i l  popu lat ions beg in to resurge , growe r s  who cea sed 
mak ing treatments would log ica lly re sume mak ing them for economic 
re asons . 

Pe st Management Assoc iat ions and Cooperatives  

Pest management associations and cooperative s ,  and pr iva te 
pe st-management consu ltants , have successfu lly organi zed and hand led 
cooperat ive cotton insect management programs in Texa s ,  where cotton­
growing areas have more env i ronmental d ive r s i ty than those of any 
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other state i n  the COtton Belt . Texas i s  the largest cotton­

produc ing state in the boll weevi l infested area of the Cotton Belt , 
but there are many areas in  the state where the weev i l  i s  not a major 
pest . These areas are the least l i kely to rece ive great bene f i ts 
from weevi l erad ication . Thus , Texas may be the most d i f f icu lt state 
in which to obta i n  grower approva l of a mandatory weevi l erad ication . 

The state Extension Service had a great dea l to do w i th organ i­
zation o f  the Texas Pest Management Assoc iation ,  wh ich , a long w i th 
pr ivate consultants , has been very act ive in br i ng ing about grower 
acceptance of crop management pr actices tha t w i l l  prov ide the be st 
contro l of cotton pe s t s .  All of these pract ices are economica lly 
sound and lead toward reduced insect ic ide use . 

The extens ion ser vice in o ther states has a lso fostered areaw ide 
approache s to cotton insect management .  Such approache s can be 
car r ied out i n  any a rea of the COtton Be l t , limi ted only by the 
des ire and imag inat ion of the local popu lace . 

cur rent Insec t control (CIC) 

Cur rent insect control (CIC)  is not w i thout its success stor ies . 
Pontotoc county , the comparison area for the OPM tr ia l ,  has been used 
as an example of successfu l CIC , and in some other Mi ssiss ippi coun­
tie s ,  90 percent of the cotton acreage is under a pest management 
consu ltant ' s  care (J . Kimbrough I I I , Lex i ng ton , MS , per sona l commun i­
cation , 198 0 ) . In area s where pr ivate consultants are par t icular ly · 

active , grower s u t i l i z ing the i r  services  have seen the economic and 
ecolog ic advantages of coordinated pest management in pract ice . The 
adoption of more soph i st icated pest management practice s  because of 
greater env i ronmenta l and economic awareness among grower s i s  in­
creasing each year . Cur rent insect control pr act ice i s  r apidly 
evolv i ng i nto i ntegrated pest management ( I PM) , wh ich lacks only 
governaent subsidies for diapau se treatments to become opt imum pest 
manage•n t (OPM) . 
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APPENDI X A 

USDA DEFINITIONS OF ALTERNATIVE BELTWIDE 
COTTON INSECT MANAGEMENT PROGRAM OPTIONS 

Six be ltwide bol l  weevi l/cotton i nsec t management progr ams were 
de f i ned and approved by SEA-ES and APH IS per sonne l in consultat ion 
wi th Opt imum Pe s t  Management Reg iona l Extension Educat ion Advi sory 
Committee ( OPMREEAC) , the over a ll Eva luation Team , and the Fac i l i ta­
tor Group . The progr am de f i n i t ion s are : 

Cur rent I nsect Contro l (C IC) assumes insect control as now 
prac t iced by producer s rang ing from no con trol to intensive treatment 
w i th insec t ic ide s .  Cur rent insect control impl ies a cont inuat ion of 
extension educat ion and techn ica l assi stance at  the present leve l of 
fund ing . 

aptimum Pe st Ma nagement w i th Cont inu ing Incentive s  for Bol l  
Weevi l Management (OPM- I) would con s i s t  of two major insect manage­
ment opt ion s ,  wh ichever is most appl icable for a par t icular area . 
Add i t iona l extension per sonne l and suppo r t  wou ld be requ i red to 
implement both options . One opt ion , Optimum Pest Management ( OPM) 
would u t i l i ze the bol l weev i l/cotton insec t management prac t ice s that 
were tested in the Missi ssippi tr ial  w i th empha s i s  on d iapause and 
pin-head square treatments , as needed , and fu ll  re imbur sement for the 
cost of the se treatment s .  In a l l  areas where the diapau se str ategy 
cou ld not be implemented or where it is not needed , an a lter na te 
option , Mod i f ied Opt imum Pe s t  Management (MOPM) would be fol lowed . I t  
wou ld ut i l i ze , i f  appl icable , a l l  the pract ices tested in  the Mi ss is­
sippi tr i a l  except the organi zed areawide d iapause str a tegy , bu t may 
i nc lude voluntary d iapau se treatments by i nd iv idual producer s .  

I n  areas hav i ng potential  for modera te- to-heavy infesta t ions of 
boll weevi l s ,  the OPM opt ion wou ld be implemented where e f fect ive . 
Di spa use and pinhead square treatments wou ld be spec i f ied a s  recom­
mended technology . The cr i ter ion for an ef fective program i s  to 
ma intain  the midsea son popu lat ion of  boll weev i ls be low treatment 
leve ls  on 9 0 percent or  more of  the acreage pr ior to on set of He l io­
th i s  pre ssure . Growers  wou ld be re imbur sed for bol l  weev i l  d iapause 
and pinhead square treatments at  such a leve l and over su f f ic ient 
treated acreage to ach ieve an e f fec t ive progr am . 
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A s  an example , OPM i n  Mi ssi ssippi wou ld : ( 1 ) u se grandlure 
ba i ted traps a s  survey tools : ( 2 )  urge producer s  to plant cotton 
wi thin recommended dates : ( 3 )  recommend [ treatments]  and reimbur se 
producer s for pinhead square applications , i f  needed ; ( 4 )  scout a l l  
cotton by commerc i a l  consultants , grower organizations ,  CES employ­
ees ,  or tra ined producer s :  ( S )  urge producer s  to follow CES recom­
mendat ions for in-season con trol of boll weevils  and other cotton 
insects : ( 6 )  re imbur se producer s for boll weev i l  d iapause treatments,  
if  needed : and (7 )  urge producer s to de stroy stalks , i f  harvested 
pr ior to frost . Consu ltant and grower organizat ions wou ld be i n­
volved , w i th CES providing informat ion on recommended insect control 
practice s .  

However ,  in  area s ,  i f  any , where the requ ired acreage for a n  
ef fect ive program cou ld not be reached w i th the OPM opt ion o r  where 
boll weevi l  infestat ions are hi stor ica l ly l ight and u sua lly ao not 
reach treatment leve l s ,  the Mod i f ied Opt imum Pest Management (MOPM) 
option would be implemented . Thi s  option impl ies that the diapause 
and/or pinhead square technology ei ther cou ld not be adopted on a 
suf fic ient percentage of the cotton acreage for an ef fec t ive areaw ide 
OPM opt ion or it would not be needed because of the low populat ion 
leve ls of boll weevi l .  The obj ec tive o f  MOPM i s  to reduce the number 
of unnecessary in-season treatments for boll weev i l  and other cotton 
insects through ef fect ive scouting and moni tor i ng . Examples of areas 
where diapause and/or pinhead square treatments are not common ly 
needed include nor th Alabama , some areas in the Missi ssippi De lta , 
Upper Concho a rea of Texa s ,  and nor th Ok lahoma . 

To implement both options under the OPM-I program , add i tiona l 
extension per sonne l and funds would be requ ired to provide technical 
informat ion and educat iona l gu idance in the management of  boll wee­
vils and other cotton insec t s .  All ava i lable proven technology may 
be appl ied in implementing thi s  program .  use of the technology 
recommended and partic ipat ion in th i s  program wou ld be voluntary on 
the par t  of the grower . Prom 1 to 3 year s may be required to fully 
implement thi s  program,  depend ing on cotton acreage and ava i labi l i ty 
of staf f . The acreage that one entomolog ist can hand le w i l l  vary 
because of the locat ion and intensity of cotton acreage as  we l l  as 
hi stor ic pa tterns of insect management problems . 

Qpt imum Pest Managemen t w i th Phased I ncent ive Payments for Boll 
weevi l  Management (OPM-PI) inc ludes the same program components 
includi ng per sonne l and fund s as  OPM-I except that incent ive payments 
for d i apause and pinhead square treatments would be phased out over 
t ime as follow s :  

1st year : 
2nd year : 
3rd year : 
4 th year : 

same a s  OPM-I , 100 percent of needed treatment 
7 S  pe rcent of needed treatment 
SO percent of needed treatment 
No i ncent ive payment 

The log ic in eva luat ing th i s  progr am is tha t in  some areas an 
incent ive may serve to demonstrate the techn ica l and economic feasi­
b i l i ty of d iapause and pinhead square treatments and that growe r s  may 
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continue the u se of  these prac t ice s .  If the requ i red acreage for an 
e ffect ive d iapau se/pinhead square opt ion could not be mainta ined 
after payments are phased out , the MOPM opt ion wou ld be implemented . 

Optimum Pest Management w i th No I ncent ive Payments for Boll 
Weevi l Management (OPM-NI) i s  the same a s  OPM- I w i th the exception 
that no re imbur sements to producer s  would be made for d iapau se or 
pinhead square treatments . I f  the requ i red leve l of acreage cou ld 
not be reached , the MOPM opt ion wou ld be establi shed and the d iapau se/ 
pinhead square technology would not be implemented on an areawide 
ba s i s .  

optimum Pest Management w i th No Incent ive Payments and w i th Boll 
Weevi l  Erad ica tion (OPM-NI -BWE) i nc lude s erad icat ion of the boll 
weevi l a s  a major component . The be ltwide erad icat ion component 
would use the technology proven by the North ca rolina tr i a l  and 
ongoi ng re search . However , it does not need to be a replicat ion of 
the North Caro l i na t r i a l .  

Boll weevi l erad icat ion wou ld beg in i n  the Southeast and proceed 
west th rough eight sepa rate zone s ,  followed by the ma inte nance of a 
buf fer zone between the un i ted States and Mexico to i nhibit  re i nfes­
tat ion . To insure eff icient implementat ion of thi s  progr am , OPM-NI 
would be implemented be ltwide 1 year pr ior to the i n i t iation of 
erad icat ion . MOPM prac t ice s for the control of other i n sect s  wou ld 
be in place dur i ng  and following erad icat ion . The maj or components 
of  the progr am to erad icate the boll weevi l  f rom a de s ignated zone 
are : 

( 1 )  Pr ior to e rad icat ion , the voluntary program with no incen­
t ive payments to producer s  ( OPM-NI ) would involve informat ion and 
educat ion , organi za t ion of producers  and encouragement of producer s 
to fo llow recommended insec t control prac t ice s .  

( 2 ) Dur i ng the f ir st year of erad icat ion , grower s would be 
re sponsible for in-season control of a l l  insect s ,  i nc lud i ng boll 
weevi ls.  Grower s wou ld be u rged to follow recommendat ions for all  
cotton insec t s .  Beg inn i ng i n  ear ly September (dependi ng o n  area and 
weathe r )  APHIS wou ld i n i t iate a bol l  weevi l erad icat ion program w i th 
d iapause treatments of boll weev i l s , u s i ng g u th ion , malathion , or 
other recommended insec t ic ides , as needed . A range of 5-10 treat­
ments is proj ected to be requ i red on a l l  acreage in  i nfested area s .  

( 3 )  Dur i ng the second year of eradicat ion , APHIS wou ld mon i tor 
and con trol i nc ipient bol l  weevi l i nfestat ions by the u se of ste r i le 
weevi ls , Dimi l i n ,  and organophosphorous i nsecticides ,  as needed . 
Grower s wou ld be urged to fo llow recommended pract ice s for control of 
other i nsects . 

( 4 )  Dur i ng  subsequent year s ,  growe r s  would con t i nue w i th MOPM 
pract ices for the con tro l of o ther insect s  i n  a weevi l-free environ­
ment , whi le regu latory agenc ies would a ssume re sponsibi l ity for 
routine surve i l lance of the areas c leared ( tr appi ng dens i ty of 1 per 
200 acre s) and the contro l  of inc ipient bo ll weevi l i nfesta t ions .  
Followi ng erad ication , the Extension Service wou ld continue t o  pro­
vide i nformat ion to growe r s  on how be st to manage cotton insec ts in  
the abse nce of the boll weevi l .  
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Cur rent Insec t COntrol w i th Boll weev i l  Erad ication (CIC-BWE} 
also would i nclude erad icat ion of the boll weevi l  � s  a major supple­
ment to the cur rent cotton insect management program . The beltwide 
erad ication componen t  would use the technology proven by the Nor th 
Carolina tria l and ongoing research . The erad ication component 
rema ins e ssentially the same as in OPM-NI-BWE , but there are no 
provi s ions for add i t ional staff ing or fund i ng of CES programs pr ior 
to ,  dur ing ,  or fol lowing eradicat ion . 
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APPENDI X  B 

U . S .  DEPARTMENT OF AGRICULTURE REPORTS EVALUATED 

An ima l and Plant Hea lth I nspect ion Serv ice 19 80 . Oper a t iona l 
Eva luat ion Plans  of Beltw ide Boll weevi l/Cotton Insec t 
Management Programs . over a ll Eva lua t ion ,  Append ix H .  APH IS 
Staf f  Repor t ,  January . 

An ima l a nd Plant Hea lth Inspec t ion Service 198la . Env i ronmen ta l 
Eva lua tion o f  Alternat ive Beltwide Boll weev i l/Cotton Insect 
Ma nagement Programs . over a l l  Evaluat ion , Append ix c .  APHIS 
81-3 3 ,  Apr i l .  

An imal and Plant Hea lth Inspect ion Ser v ice 19 8lb.  Boll Weevi l 
Eradica tion Tr ia l ,  Fina l Report . overa l l  Eva luation , 
Append ix F .  APH IS Sta f f  Repor t ,  Apr i l . 

Economics and Sta t i stics Serv ice 19 8 la .  OVera l l  Eva luat ion of  
Be ltwide Boll Weevi l/Cot ton Insect Management Programs . ESS 
Staf f Repor t ,  May . 

Economics and Statist ics Service 19 8lb.  Economic Eva luat ion of 
Alternat ive Beltw ide Boll Weevi l/Cotton Insec t Management 
Progr ams . OVera l l  Eva luat ion , Append ix B.  ESS Sta f f  
Report , Apr i l .  

Economics and Sta t i s t ics Ser vice 19 8lc . Program De f in i tions and 
Publ ic Costs , Beltwide Boll Weevi l/Cotton Insect Management 
Programs . OVerall  Eva lua t ion , Append ix D .  ESS Staff Report ,  
Apr i l .  

Economics and Sta t i stics Service 19 8ld . The De lph i :  I nsec t icide and 
Lin t  Yie ld s ,  Beltw ide Boll weev i l/Cotton Insect Management 
Programs . OVer a l l  Eva luat ion , Append ix E.  ESS Sta f f  Repor t ,  
Apr i l .  
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Mi ssissippi COoperative Extension Ser vice 1981 . Opt imum Pe s t  

Management Tr ia l ,  Pinal Repor t . OVerall Eva luat ion , Append ix G .  
COoperat ive Extension Serv ice , Mi ssissippi State un iver s i ty 
Repor t , Apr i l .  

Sc i ence and Educat ion Administrat ion 1981 . B iolog ical Eva lua t ion o f  

Alternat ive Beltwide Boll weevi l/Cotton Insect Management 
Prograas . over all Eva luation ,  Append ix A .  SEA Sta f f  Repor t ,  
Apr i l .  

u. s .  Depar tment o f  Agr iculture 1981 . Execut ive OVerview o f  

Alter nat ive Boll weev i l/Cotton Insect Management Programs , May . 
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APPENDIX C* 

ADDITIONAL COMMENTS ON THE USDA ECONOMIC EVALUATION 

Ar nold Pau lsen 

Thi s  append ix wi ll  comment on 1) the goa l s  and approach ; 2 )  the 
data base ; 3 )  the method or mode l used to e s t imate be ltwide bene f i ts 
and cost s ; ·  4 )  a gr aph ica l interpreta t ion ; 5 )  the accuracy and the 
r i sk of the est ima te s ;  and 6) the po licy inferences and public choice 
recommenda t ion s tha t can be ba sed on the est ima tes of the Economic 
Eva lua t ion Repor t ( Economics and Stat i s t ics Serv ice 198lb) . 

Goa l s  and Approach 

The over a l l  goa l of the economic eva luat ion wa s to fac i l i ta te 
the choice o f  a be ltwide cotton insec t management progr am and more 
spec i f ical ly • to est imate and eva luate the cur r ent and future loca l­
i zed and be ltwide economic impacts of alternat ive bol l  weev i l/cot ton 
insect management progr ams• ( see page 2 ,  Economics and Sta t i stics 
Ser vice 19 8lb) . 

The beltwide focus of the economic eva lua t ion wa s appropr iate to 
• fac i l i tate the [public)  choice . •  Th i s  mean t  the economic ana lysi s 
cou ld not draw a l l  data from the tr ial  area s .  The future focus of 
economic evaluat ion wa s also appropr iate but implied tha t proj ect ions 
or forecasts of  the future had to be made and tha t these wou ld be 
unve r i f iable and specu lat ive . The economic analysts recogni zed and 

*Thi s append i x  wa s prepared by Dr . Ar nold A .  Paulsen , a membe r of the 
NRC Commi t tee , to provide add i t iona l eva lua t ions of the USDA Economic 
team ' s  repor t beyond those i ncluded in Chapter 5 .  The views ex­
pre ssed i n  th i s  append ix are those of Dr . Paulsen and are not nece s­
sar i ly those of the Nat iona l Academy o f  Sc ience s or of the Na tional 
Re search Counc i l .  Th i s  append ix wa s not subjected to the customa ry 
review process of the Na t iona l Re search Counci l .  
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repor ted a great dea l o f  geog r aph ica l var iation i n  program impact 
among areas of  the boll weevi l  belt . USDA d id not repor t var i a tion 

in cost  of implementa tion due to wea ther ,  or var iation of payoff or 
bene f i ts due to wea ther or other factor s .  Only the norma li zed esti­
mate s are prese nted . 

The USDA Economic Eva luation cor rectly perceived that the imple­
mentation of a lternat ive publ ic cotton insect strateg ies i s  s imi lar 
to the adoption of technolog ical advances .  Each of the proposed 
cotton insec t management progr ams i s  assumed to be fu l ly adopted and 
successf u l ,  which they may not be .  USDA apparently expects the 
bene f i t  to continue forever wh ich i t  may not . 

A summary of  USDA economic feasibi l i ty f i nd ings i s  conta ined in 
a table r eproduced in th i s  repor t (Table 5 . 2 ) . In  th i s  table the 
pre sent va lue of est ima ted public costs are compared w i th the present 
value of  estimated future na tiona l bene f i t s .  These mar ket  bene f i t s  
o f  f u l l  implementat ion of each a lter na t ive are est ima ted to far 
exceed the estimated public costs o f  implement i ng BWE or OPM . The 
d i f f iculty i s  that the probabi l i ty of the bene f i ts actua l ly be ing so 
large a s  e st imated may be sma l l .  The probabi l i ty of the progr am 
costs be i ng as  sma l l  a s  estimated a l so  appear s to be very small . 
Thu s the probabi l i ty of the B-C ratio be i ng accurate may be exceed­
ing ly small . 

For the publ ic cho ice among BWE ,  OPM , or CIC the quest ion of 
economic fea si bi l i ty or rate of re tur n to public expend i ture is 
impor tant . There are , however , several  add i t iona l considerat ions in 
dec id i ng among public eradicat ion , pub lic management , or continuat ion 
of cur rent insec t policy . Fi r st ,  public r e sources are limi ted , and 
only those projects expec ted to be fea sible may be car r ied out . 
Second , non-market costs and r e tur ns of BWE and OPM may make the 
soc i a l  benef i t  to cost r a t io larger or sma ller than the mar ket or 
economic B-C r a tios.  For example , no cost or bene f i t  i s  inc luded for 
cha nge in human hea lth ,  aquatic l i fe , or env ironmenta l  qua l i ty in the 
economic feasibi l i ty calculat ion . Th ird , income red i str ibut ions are 
est ima ted by USDA and reported , bu t of cour se ,  not included in  eco­
nomic feasibi l i ty .  The prospect that economic growth may be st imu­
lated in the bo l l  weevi l be l t  rela t i ve to other cotton areas as a 
consequence of public boll weevi l  management may make public ac t ion 
more or les s  des i rable . Four th ,  other consequence s may favor more 
public par t ic ipa t ion in cotton insect contro l such a s  • the joy of 
be i ng free from bo l l  weevi l , •  or l im i t  publ ic par t ic ipation such as 
the fear of  urban taxpayer s  tha t public costs may overrun . 

The Da ta Base 

The task of the economic eva lua t ion team wa s to prov ide esti­
mate s of  the economic consequences of be ltwide implementation of each 
of the proposed boll weev i l  erad ica t ion and management str a teg i e s .  
Da t a  tha t  cou ld b e  u sed to make the se estimate s were  accumu lated 
through a De lph i technique . The USDA De lph i  me thod wa s we ll des igned 
to ident i fy probable insec t ic ide-use and l i n t-yie ld changes ( Eco­
nomics and Stat i st ics Service 198ld ) . 
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Th e  da ta on future BWE and O PM  program ac t ions and costs were 
genera ted by an i nformal • oe lph i  method• not by hard science measure­
men t . The requ i red future insec t management and erad icat ion actions 
and costs are • speculat ion • or expe r t  opin ion r a ther than sc ien t i f ic 
da ta . The economic report does not de scr ibe comple te ly the procedure 
and qua l i f icat ion of experts used to genera te program costs . The 
expe r t s  formu la t i ng program and public cost data seem to have been 
less numerou s ,  le ss d iver se i n  opinion , and less repre sentative of 
the full spec trum of  expe r t  opinion than the pane l of experts in­
vo lved i n  generat ing the da ta on cot ton y ie ld and control cost change . 
As a re su lt the data on the program cost were obta ined by a me thod 
le ss systemat ica lly designed and thus more uncer tain . The full  range 
and uncerta i nty of  the volume of  BWE and OPM act iv i t ie s  requ ired to 
obta in boll weev i l  erad icat ion or management be low the economic 
threshold rema i n s  unreported . The program cost data prov ided by USDA 
cannot be used to accept or r e j ec t  hypothe ses abou t the leve l of 
future publ ic cos ts w i th k nown conf idence . The USDA team can be 
cr i t icized for not repor t ing in more deta i l  the uncertainty and 
d iver s i ty o f  expe r t  opi n ion about program cost .  The program cos ts 
re por ted by USDA comple te ly ignore the impor tant i ssues of  probabi l­
i ty of program succes s  and rate of adopt ion and oppos i t ion . 

The Me thod or Model 

No i temi za t ion i s  g iven by USDA of the sources of consumer 
bene f i t  (Table 5 . 2 ) . An approxima t ion can be i n fer red by mult iply i ng 
expected pr ice changes by est ima ted 1980- 1981 quant i t ie s ,  see Table 
C . l .  From thi s  approx imate i temizat ion i t  seems tha t only one th i rd 
of consumer bene f i ts are d irectly from add i t iona l lint . The equa­
t ions of the USDA mode l seem to have transfer red most of the conse­
quences of reduced cost and increase y i e ld on cotton into pr ice 
depress i ng effec t s  on cotton seed s ,  vegetable oi l ,  and gra i n s .  Thi s  
i s  a pu z z l i ng d i str i but ion since the ga in i n  l i n t  i s  2 . 8  percent and 
the mar ke t for l i n t--a t lea st domestica l ly--u sua l ly i s  unw i l l i ng to 
absor b more lint  even at sharply lower pr ice s .  The gain in cotton 
seed s i s  a lso 2 . 8  perce nt , bu t the mar ke t  for o i l  seeds is very large 
and u sually w i l l ing to absor b more ma ter ial  at a slight ly lower pr ice . 

The USDA e st ima te s tota l u . s .  cotton l i n t  product ion wou ld 
i ncre a se 2 . 8  percent ,  and the u . s .  cotton l int pr ice would be de­
pressed 3 . 6  percent . These relat ive pr ice-to-quan t i ty changes indi­
cate a sligh t ly inelast ic demand . S i nce the u . s .  cotton mar ket i s  
re lat ively ope n ,  u . s .  cotton pr ices a r e  very s imi lar to wor ld cotton 
pr i ces . Most add i t iona l cotton produced by be tter control of  boll 
weevi l probably wou ld be expor ted or stored rather than sold on the 
u . s .  mar ket . I f  near ly all  the add i t iona l cotton , i . e .  0 . 3  m i l l ion 
bale s ,  were expor ted , th i s  add i t iona l u . s . cotton wou ld rai se u . s . 
expor ts 5 percent , but wou ld add only abou t 1 . 5  percent to wor ld 
trade or add 0 . 5  per�ent to tota l wor ld production . A pr ice dec line 
for u . s .  cotton l int of 3 . 6  percent when 2 . 8  percent more i s  produced 
wou ld be much too l i tt le i f  only the u . s .  mar ke t wer e cons idered . 
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Table C . l Approximate I temization of the Benefits to Consumers 

Basic 
Expected S imulation Change in 

Commodrty Price Changea Quantityh Val ue o f  Crop
a 

( X  1 06 ) ( 106 do l l ars ) 

Cotton - 2 . 7 3 ¢/lb . 1 1 .  ,
c 

bales - 160 

Corn - 0 . 8  ¢/bu . 6 , 100 bu . - 4 9  

Soybeans - 2 . 0 ¢/bu . 1 , 560 bu . - 3 1  

Smal l grain 0 . 3  ¢/bu . 2 , 600 bu . 8 

Grain so rghum + 1 . 4  ¢/bu . 780 bu . + 10 . 9  

Cotton seeds - 1 9  $/ton 4 . 7 tons - 89 

Cotton seed meal - 8 . 3 $/ton 1 .  74 tons - 14 . 4  

Co tton seed oi l - 1 . 6 2 ¢/lb . 1 , 4 60 lbs - 2 3 . 7  

Soybe an meal - 3 . 8  $/ton 2 1 . 3  tons - 80 . 9  

Soybean oil . 02 ¢/lb . 1 0 , 1 2 0  lbs . 2 . 0 2 

ANNUAL 'I'O'rAL $ 4 4 7  

PRESENT VALUE
d 

$6268 

aFrom Co l umn  OPM-NI-BWE in Table 6,  p. 34 (Economi cs and S tati s ti c s  
Service 1 9 8 lb )  

bl98Q- 1981 production from an unpubl i shed description of the econo� 

me tri c mode l by Robert Taylor obtaine d  at the Apri l 1 ,  1981 meeting 
o f  the US DA Economic Evaluation Team in Arlington , VA 

cFrom Table 8 ,  p .  39 (Economi cs and S ta t i s tics S e rvi ce l98 lb )  

dl f the annual total o f  $ 4 4 7  i s  capital i zed at 7 . 1 2 5  pe rcen t a s  a 

s tre am o f  perpetual bene fi ts the present val ue i s  obtai ned . 
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Bu t when the 2 . 8  percent more of  produc tion is transla ted to 0 . 5  
percent more cotton produced in  the wor ld the 3 . 6  percent pr ice 
decline seems rea sonable . The increase in u . s .  and foreign consumer 
surplus a t  $160 m i l l ion per year from expanded u . s .  cot ton produc t ion 
as a resu l t  of bo l l  weev i l  e rad icat ion seems rea sonably accurate . 

Genera lly since 19 7 4 , the u . s .  opportunity to expor t ha s expand­
ed . Thu s ,  the lint  pr ice depre ss ion est imated by USDA doe s not imply 
an absolute reduc t ion in u . s .  cotton l i nt pr ice from 1980 to 19 90 i f  
OPM or BWE i s  impleme nted . The pr ice cha nge ant ic ipated by USDA i s  
re lat ive to wha t would be wi thout the improvement i n  u . s .  cotton 
insec t con tro l .  I f  long run wor ld cotton pr ice s r i se ,  the contem­
plated improvement in u . s .  cot ton insect control wou ld mere ly prevent 
wor ld cotton pr ice s  f rom r i si ng a s  much as  they otherw i se would . 

The USDA seems to est imate an over ly large bene f i t  to consumer s 
and loss to producer s from 2 . 8  percent more cotton seed s arid some 
sma l l  percent change in  tota l grain . Th i s  wou ld seem to ar i se from a 
faulty se t o f  demand equa t ions (or calculation s)  for cotton seed , 
vegetable o i l ,  gr a ins , and feed s .  The se few add i t iona l cotton seeds 
and grains wou ld seem to add only slightly to the very large u . s .  and 
wor ld tota l supply o f  oi l seed s ,  vegetable o i l s ,  and h igh prote i n  
feed s and gra in s .  The aggregate of  u . s .  o i l  seed s i s  abou t 61  mil­
lion tons.  Thus,  the ant icipated 13 0  thou sand tons more of cot ton 
seed s wou ld be only a 0 . 2  percent i ncrease in o i l seed supply . Th i s  
sma ll change wou ld depress u . s .  and wor ld pr ice s o f  oi lseed s ,  via  
add i t iona l vege table oil  and h igh prote i n  feed s ,  bu t probably by le ss 
than 0 . 5  percent . The cotton seed pr ice reduction est imated by USDA 
wa s 15 . 5  percent .  USDA est imate s a reduct ion o f  abou t $89 mi l l ion 
per year in the value of a crop of cotton seeds to cotton producer s . 
Thi s  seems to be an  overe st imate . I t  seems to th i s  reviewer mor e  
likely tha t cottonseed pr ice would decl ine by a sma ller percent than 
the percent  by which cottonseed product ion expanded . The resu lt 
wou ld be an incre ase i n  cottonseed value of  about 2 percent under 
OPM-BWE. 

The USDA demand equa t ions est ima te a loss in  va lue of cottonseed 
o i l  of about $2 3 m i l l ion per year or 2 percent .  The volume o f  cot­
tonseed oi l i s  expected to r i se 40 m i l l ion pounds or 2 . 8  percent , but 
the pr ice i s  expected to fa ll  abou t 4 . 8  pe rcent . Th i s  seems exces­
s ive . The vegetable o i l  mar ket of the wor ld is large--abou t 56 
m i l l ion me tric tons--and r a ther open and compe t i t ive .  The add it iona l 
40  m i l l ion pounds or 0 . 2  mi l l ion tons more u . s . cottonseed o i l  i s  
a lmost negligible .  Even the 2 0  percen t  sma l ler  u . s .  soybean crop i n  
19 80 d id not r a i se the wor ld pr ice of  vegetable oi l .  From be tter 
u . s . boll weevi l control on ly about 0 . 1  pe rcent would be added to the 
wor ld vegetable o i l  aggregate . Th i s  probably wou ld depress  wor ld 
oilseed pr ice s les s  than 0 . 5  percent and not 4 . 8  percent as  USDA 
e st imate s .  I t  seems probable tha t the tota l va lue of the oi l compo­
nent o f  u . s . cotton seed s wou ld actua l ly r i se a s  a result of in­
creased cottonseed product ion . 

The USDA est imates imply tha t much of the annua l consumer bene­
f i t  wi ll be der ived from depre ssing pr ice s in the la rge u . s . feed­
gr a in- l ive stock complex . The likel ihood of sign i f icant pr ice dec lines 
i n  the large feed-l ive stock aggregate by so sma l l  a technolog ical 
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advance i n  cotton seems remote to thi s  reviewer . Apparent ly USDA 
ant ic ipa tes some more feed w i l l  be produced , but the quant i ty changes 
are not reported . 

The ant icipa ted gain in e f f iciency in  cotton i s  only a gain of 
about 2 . 5  percent and i s  applied to only 3 to 4 percent of tota l u . s .  
agr iculture . The ga in emerges only after 1 0  year s o f  implementation . 
After ful l  implementa t ion ,  the De lph i panels anticipated about $50 
mi llion savi ng s  per year in  cotton insect control cost on h i stor ical 
acreage s .  Add i t iona l lint yields would provide the same tota l lint 
from fewer acre s ,  thus  saving add it iona l product ion costs of abou t 
$7 5 million per yea r . USDA expects more acres of land to be used for 
cotton because more cotton w i l l  be produced on lower -yield ing , non­
ir r igated acre s in Texa s .  

Th e  net r e lease o f  land and other resources  from cotton w i l l  be 
sma l l  and can have only a sma ll impact on tota l u . s .  agr icu ltural 
capa c i ty .  A product iv i ty gain of $12 5 mill ion i n  cotton--a big crop 
valued a t  $5 billion--i s only 2 . 5  percent over 10 yea r s  or 0 . 25 
percent per year . $125 mi ll ion in cotton produc t ivi ty gain i s  ex­
ceedi ng ly sma ll compared to the very large tota l of $141 bi llion 
va lue o f  a l l  u . s .  agr icultur a l  product ion . I t  i s  only 0 . 09  percent 
after 10 year s or 0 . 00 9  percent per year . Productivi ty ga ins in u . s . 
agr i culture occur regular ly from d iver se technolog ical , organi za­
tiona l , and management improvement s .  Each year the se r a i se the 
product ivi ty of u . s .  agr iculture about 1 . 5  percent or 15 t imes as 
much i n  one year a s  the impact of improved boll weevi l  and cotton 
insect management i s  expected to ra i se productivity over 10 year s .  
Probably thi s  re lat ive ly sma ll ga in in cotton resource product ivi ty 
would not depress feed l ive stock pr ices and the tota l va lue of the 
products by a s  much as anticipa ted by USDA. Add i t iona l capac i ty in 
u. s .  agr iculture will  be needed and can be absorbed wi thout sign i f i­
cant d isruption of the feed-l ivestock markets or income loss to u . s .  
agr iculture . 

The demand for u . s .  agr icultur a l  produc ts i s  expected to grow 
abou t 2 percent per year over the next decade or so . The rea l terms 
of trade for agr icu ltural  products may r i se . Any agr icultural re­
source product ivi ty improvement from cotton insect management , i f  
accura te ,  might not reduce feed l ive stock pr ices absolutely bu t only 
re lat ive to wha t  they wou ld be w i thout thi s  improvement . 

A Gr aph i ca l  Interpr e tat ion 

The mar ket consequences from improvements in cotton insect 
management can be expla ined or inte rpreted graph ica lly ( see Figure 
C . l ) . The i ncreased public involvement via OPM-BWE moves the supply 
curve down and to the r ight--more cotton w i l l  be supplied a t  the same 
pr i ce because the boll weevi l i s  no longer a key pest . Be fore publ ic 
eradication of the boll weev i l  USDA estima tes tha t a t  $0 . 7 6 per pound 
11. 5 m i llion ba les of cotton lint w i l l  be offered ( the inter section 
of the supply curve before erad icat ion , s8 ,  and the Demand Curve , 
D ,  in  Figure C . l) . After erad ication USDA e st ima tes that 2 . 8  percent 
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more cotton wi l l  be produced or 1 1 . 8  m i l l ion ba les wi ll  be of fered . 
Th i s  larger quant i ty will  be of fered w i l l i ng ly by producer s  a t  a 3 . 6  
percent lower pr ice of $0 . 7 3 2  pe r  pound (note the i n ter sec t ion o f  the 
Supply curve , sA , and o ,  in Figure c . l ) . 

The bene f i t  to the consumer i s  the change in the area under the 
demand and above the pr ice l i ne ( labeled Area A in Figure c . l ) . Th i s  
area i s  equa l t o  th e  reduced expend i ture by consumer s o n  cotton plu s 
the va lue of the add i t ional cotton consumed . The value of th i s  area 
is the consumer mar ke t  bene f i t  and can be approximated by $0 . 0 28 per 
pound or $16 1 m i llion per year for 1 1 . 5 m i l lion ba les a t  500  pounds 
per bale . I f  th i s  bene f i t  continue s to accrue to consumer s each year 
forever and the i ntere st r a te is 7 . 12 5  percent , the stream has a 
present value o f  abou t $2 . 3  bi llion . 

Thi s  bene f i t  to consumer s in the form of  a drop in  the pr ice i s  
of fse t by a loss of the same s i z e  i n  ne t i ncome to producer s ( see 
Are a  A in Figure C . l ) . Producer net i ncome i s  the area above the 
supply curve and below the pr ice line . I f  the pr ice did not fa l l  
when product ion expanded 0 . 3  m i l l ion ba les ,  producer s would receive 
$0 . 7 6 per pound t ime s 1 1 . 8  m i l l ion bale s ,  or a gross revenue of 
$4 . 48 b i l l ion . However , at $0 . 73 2  they rece ive $4 . 3 2 bi ll ion or $160 
mi llion less per year . I f  th i s  loss to producer s conti nued and the 
interest r a te i s  7 . 12 5  percent , the stream of loss to producer s has a 
pre sent value of $2 . 3  bi llion . By expand i ng product ion the improve­
ment in cotton insect management red i str i butes each year v i a  the 
operat ion of the mar ket  $16 0  m i l l ion of i ncome or we lfare toward 
consumer s and away from producer s .  The Area labe led A i s  a transfer 
and doe s not appear and shou ld not appear i n  USDA ca lcu lat ions of 
economic feasibi l i ty .  

The costs o f  product ion for some acre s  are reduced by the im­
proved management of cotton i n sec t s .  In par t s  of Texa s ,  lint yields 
are est imated to be improved 2 5  to SO pound s per acre a s  a resu lt of 
publ ic involvement i n  cotton insect management . I n  par t s  of  Georg i a ,  
Alabama , and Texas the cost of i nsect control i s  r educed $10 to $40 
per acre . The ag grega te va lue of these y ield i ncreases and reduc­
tions in cost of  product ion over the whole be lt can be i nd icated 

graphically . NOte the area labe led B in Figure c . l .  Thi s  i s  the 
area be low the o ld supply curve s8 and above the new more e f f ic ient 
supply curve SA • The dollar total va lue of thi s  area each year can 
be approximated by mu ltiplyi ng the estima ted savi ng in insect control 
cost by h i stor ical acr e s  ( $4 4  mill ion for OPM-I and $57 mi llion for 
OPM-NI -BWE) plu s  the l i n t  i ncrease s  of 12 3 m i l l ion pounds for OPM- I  
and 16 8 mi llion pound s for OPM-NI -BWE va lued a t  $ . 50 per pound ( the 
data to make the se ca lculat ions are i n  Tables 3 ,  4 ,  and 12 in Econom­
ics and Sta t i st ics Service 198lb) . The sum i s  about $105 to $125 
million per year . This i s  an ind ication of the productivity ga in  to 
the u . s .  economy of improved cotton i nsect management . Area B i s  the 
net mar ke t bene f i t  of Table 5 . 2 .  Area B represents the gain i n  
product iv i ty o r  the oppor tun i ty to get more cotton for the same 
resou rce s or the same cotton for le ss resource s .  

USDA ' s  pr esentat ion was not g raph ical bu t tabu lar . LOg ica lly 
the ca lculus done by USDA can be re stated a s  follows in  terms of 
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areas in the graph ica l presentation of Figure c . l . 

Consumer bene f i t  • A 

Producer loss • Ne t  be fore less Net a f ter 

• (A + C)  - (C + B )  • A - B 

Ne t mar ket  bene f i t  • Consumer bene f i t  - producer loss 

• A - (A - B ) • B 

Thu s ,  graph i cally the ne t economic or mar ket gain to the soc iety 
from public cotton insec t con trol i s  Area B ,  namely , the ga in in  
yield and the savi ng in  control cost . Area A i s  the ga i n  to  consum­
er s but i s  of fse t by an equal size loss to producer s and represents 
the redi str i but ion e f fec t of th i s  productivi ty gain . The increase i n  
cotton yield plu s savings of  insect control resource s i s  the only net 
economic gain for the entire soc iety and mar ket .  The s i ze of  A .  
ind icate s the amount o f  income red i str ibut ion . Area B estimates 
economic we lfare gain to the whole soc iety or economy . USDA ' s mode l 
and tables quant i fy the concepts graphically presented in  Figure c . l . 

The Accur acy and Uncer ta inty of  the Est imate s 

The consumer bene f i ts and producer losses presented by USDA and 
i llustr a ted graph i ca lly as Ar ea A in Figure C . l seem inflated . 
Spec i f ically the pr ice depression i n  the an ima l feed and vege table 
o i l  complex seems excessive . Thus , an overest imate may have been 
made of  the red i stribu t ion consequence s ,  name ly toward consumer s and 
away from producer s .  

USDA est imates that i f  $240  m i l l ion were appropr iated and placed 
in a fund a t  an interest rate equal to the future inflat ion rate plus 
7 . 12 5  percent that the ba lance in that fund wou ld pay for all the 
public costs of e f forts needed to successfully erad icate the boll 
weev i l  forever . The probabi li ty of success from such an appropr iation 
seems to thi s  reviewer ex treme ly small in ligh t  of the costs for the 
Nor th Caro lina tr ial  and the Stanford Research Insti tute est imate s .  

USDA ' s program cost estimates shown in Table 5 . 2  do not address 
the probabi l i ty of success.  There is uncer tainty in  weather , peoples '  
coopera tion , and rate o f  program execution . Through 80 year s of  
erad icat ion h i story and 70 year s of  extens ion h i story e f for ts have 
not always been 100 percent successfu l .  

Th e  uncerta inty o f  the est imated r a t ios of  costs to bene f i ts are 
the product o f  the uncertainty of the costs and of the bene f i t s .  
Wh e n  both terms of  the r a t io are uncer tain construct ing a ratio 
multiplies  the uncerta inty . For example , i f  the bene f i t s  have a low 
probabi li ty (e . g . , 0 . 1 ) of  be ing so h igh and the costs have a low 
probabi l i ty (e . g . , 0 . 1) of be i ng so low the probabi l i ty of the combi­
na tion occur r i ng i s  very  low (e . g . , 0 . 0 1 ) . 
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The Policy Implications and PUblic Choice 

Por policy maker s to a l locate scarce public r e sources responsibly 
it i s  necessary they know not only the bene f i t-cost ratio but also 
the probabi lity of success . Budget maker s have to take informed 
risk s ,  but they need to have ana lysts provide reasonable est imate s of 
the r i sks i nvolved w i th  each proposal .  USDA was unreal i s t ic in 
provid i ng only one benef it-cost ratio wi thou t associated probabi li ty 
of success . TO pre sent only one B-e r a t io not c lear ly at the mode of 
the d i stribut ion and poss ibly w i th an extreme ly low probabi l i ty of 
success , seems unbalanced . Several a lternative program costs , each 
with an explic i t  probabi l i ty of success , shou ld have been provided . 
High r i sk opera t ions like OPM-NI u sually look more profi table than 
low r i sk operation s like OPM-1 unt i l  the relat ive r isk i s  cons idered . 

The USDA d id not repor t any cr i t ical review of the uncer ta int ies 
in the OPM or BWE progr am proposa ls and program cost s .  Alternat ive 
benef i t-cost r a t ios wh ich had equal or larger probabi l i ty of occurr i ng 
shou ld have been pre sented . The unce r ta inty of  insec t erad icat ion 
costs ,  t im i ng , and success are we ll known and widely under stood . 
Because the 19 81  USDA eva lua t ion d id not pre sent alternat ive costs 
and a lter nat ive bene f i t-cost r a t ios w i th a probabi l i ty of success 
assoc iated wi th each , an i nformed and inte l ligent publ ic choice 
cannot be made at  th i s  t ime .  The s i tuat ion i s  too uncer tain to make 
a rat iona l choice among alternat ive proposa ls for public cotton 
insect contr o l .  
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