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Abstract This chapter provides a history of the development of integrated pest 
management (IPM) in the southern U.S. and discussion of the current and future 
status of the discipline in the South. The historical components of the chapter are 
organized using the eras of pest management (Newsom 1974, Perkins 1980), and 
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the chapter's focus in the early years is the struggle to manage, control and finally 
eradicate the boll weevil from cotton. Since 1996, it has become clear that American 
agriculture has transitioned to another era, the era of genetically modified crops 
that have led to significant reductions in the IPM infrastructure.  As the timeline 
approaches the present, the focus of the chapter is broadened to discuss many of 
the pest management technologies which have emerged in southern crops in recent 
years and the impact of their adoption on agriculture and the availability of people 
with applied ‟field specific” IPM skills in the southern U.S. The chapter concludes 
with a discussion of world population projections and the importance of highly 
efficient agricultural production systems to meet the food and fiber needs of the 
growing population. The importance of training and maintaining people with the 
knowledge and skills to manage pests in grower fields is emphasized.

Keywords Integrated pest management · Insecticides · Herbicides · Fungicides · 
Insects · Weeds · Plant diseases · Cotton · Corn · Soybeans · Boll weevil · Cultural 
control · Biological control · Host plant resistance · Chemical control

5.1  Introduction

Newsom (1974) divided the history of cotton insect management into four pe-
riods: pre-1892 –the pre-boll weevil era, 1892–1917—the early boll weevil era, 
1917–1945—the calcium arsenate era, and 1945 forward—the synthetic organic 
insecticide era. Perkins (1980) later sub-divided the synthetic organic insecticide 
era. Perkins recognized 1945–1955 as the era of euphoria and the crisis of residues; 
1954–1972 as the era of confusion, environmental crisis and the beginning of new 
directions; and 1968 forward as the era of changing paradigms (IPM). Since 1996, 
it has become clear that American agriculture has transitioned to another era, the era 
of genetically modified crops.

The history of pest management since the late 1800s is a repeated cycle of pest 
intensification, development of innovative and effective technology, enthusiasm 
and over-use of the powerful new technology, followed by the development of 
problems with the technology. The problems that arose that were often associated 
with failure of growers to integrate the tactics into multi-tactic IPM systems. The 
historic trend has been for producers to rely heavily on a single control tactic. Often, 
this has resulted in the development of environmental problems and placed power-
ful selection pressure on pest populations. Over-use of single tactics has led to pre-
mature evolution of resistance and failure of the pest management technology. Pest 
resistance, resurgence of secondary pests, and loss of natural enemies have resulted 
in environmental and human health impacts, and economic losses.

This chapter discusses the history of pest management in the southern United 
States of America (U.S.A). It focuses on our failure to integrate pest management 
tactics in the past and the need to do so in the future to meet the challenges of feeding 
and clothing a rapidly growing world population. It also discusses the evolution of 
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IPM programs in the era of genetically modified crops. It discusses increasing use 
of preventative tactics implemented on an area-wide basis and the impact of these 
changes on the numbers of agricultural professionals available. Finally, the chapter 
discusses the future consequences and perils of failing to counter the trend of the 
diminishing numbers of crop production professionals supporting farmers in the era 
of genetically modified crops.

5.2  Before Boll Weevil– Pre 1892

Cotton production in North America began about 1600 (Handy 1896). Donnell 
(1872) reported that the country was supplied with cloth from cotton grown in 
Maryland, Delaware and New Jersey during the American War of Independence. 
In 1796, President George Washington signed the patent for Eli Whitney’s cotton 
gin (Donnell 1872; Linder 1954), making the production of upland cotton commer-
cially feasible (Anonymous 1930).

Production of cotton in the American South grew rapidly during the period 
1840–1860 (Trelogan 1969). By 1849, cotton was the most important agricultural 
export, and income from cotton sales paid for two-thirds of all US imports (Anony-
mous 1850; Phillips 1850; Haney et al. 1996). By 1850, 85 % of the world’s cotton 
was produced in the American South. In 1860, America produced 2 million bales 
of cotton. Eighty percent of cotton spun in United Kingdom (U.K) mills came from 
the southern U.S. The American Civil War severely disrupted cotton production 
and marketing. During the war, United Kingdom mills received only two percent of 
their cotton fiber from southern states. The American Civil War ended in 1865 and 
by 1876, the cotton industry in the South had recovered sufficiently to supply 62 % 
of the cotton used by mills in the U.K (Anonymous 1877; Haney 2001).Westward 
population movement after the Civil War, aided by development of railroads, great-
ly expanded cotton production—especially in Texas. By the end of the 19th century, 
any threat to the cotton industry was a clear threat to the U.S. economy. Cotton was 
central to the economies of southern states which were struggling to recover from 
the devastation of the war (Haney 2001).

5.3  Initial Boll Weevil Years—1892–1917

It was into this milieu that the  boll weevil (Anthonomus grandis) arrived, crossing 
the Rio Grande into South Texas about 1892 (Newell 1904). Yield losses in cotton 
fields near Brownsville and San Diego, Texas exceeded 90 % by 1894 (Townsend 
1895). Moving at an average of 80–100 km per year, the weevil had infested all of 
the U.S. cotton belt east of the Texas High Plains by 1922 (Coad et al. 1922). Cotton 
yield losses during these years varied between 20 and 80 % (Worsham 1914; Lewis 
1920; Isley and Baerg 1924; Thomas 1929; Coad 1930; Wagner 1999). In Georgia, 
Soule (1921, p. 16) spoke for the all southern U.S. cotton producing communities, 
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“The boll weevil has disturbed our economic situation more than any other single 
factor since the conclusion of the Civil War; it is a pest of as great a magnitude as 
any which afflicted the Egyptians in the olden days.”

Historically, the immigration of the boll weevil into and through the South had 
the most significant impact of any invasive pest in the history of the southern USA. 
It resulted in the establishment of entomology as a discipline and departments in 
southern universities. The establishment by Dr. Seaman Knapp of a boll weevil 
management method demonstration as one of the earliest actions of the Cooperative 
Extension Service substantiates the importance of boll weevil management in the 
founding of Extension (Frisbie 1993) (Fig. 5.1).

Initially, farmers were defenseless and the boll weevil caused extensive dam-
age. Public sector entomologists quickly responded. Early biological observa-
tions formed the basis for cultural control tactics which limited boll weevil losses. 
Observations and initial cultural management suggestions were made by C.H.T. 
Townsend, L.O. Howard, E.A Swartz and C.L. Marlatt. This led to the development 
of a suite of cultural management practices, many of which were developed by F.W. 
Mally, W.D. Hunter, W.E. Hinds and S.A. Knapp. Mally recognized the value of 
earliness (Mally 1901) and stalk destruction (Walker and Niles 1971; Walker 1984; 
Klassen and Ridgway 2001). Hunter (1904) found that the application of fertilizer 
could aid in the production of an early crop, thereby avoiding severe late season 
boll weevil damage.

Modification of row width was recommended—first wider rows to allow greater 
light penetration and desiccation of boll weevil immature in squares (pre-bloom 
flower buds) on the ground; and later, narrow rows to promote earliness (Mally 1901; 
Cook 1924; Hinds 1928; Ware 1929, 1930). Government entomologists promoted 
a program of cultural tactics, termed the Government Method, which were incom-
pletely adopted because stalk destruction—a key component of the strategy—was  
very difficult to accomplish in the era before mechanization (Helms 1977; Wagner 
1980; Walker 1984; Haney 2001; Stavinoha and Woodward 2001). Newell and 
Paulsen (1908) proposed defoliation of the cotton crop to slow late season boll wee-
vil losses. The development of the V-shaped stalk cutter (Anonymous 1911) aided 
growers in accomplishing stalk destruction. In 1922, the development of tractors 
equipped with power-take-off and stalk shredders greatly improved farmers’ ability 
to destroy stalks in a timely manner (Williams 1987).

In the years before effective insecticides were available, the primary focus was 
on cotton varieties that could escape devastating late season boll weevil populations 
through early fruit production and maturation. Early spring planting of varieties 
selected for rapid maturation was recommended (Cook 1906, 1911; Bennett 1908). 
Mally’s concept of a short season approach to cotton production continued to be an 
area of emphasis in Texas for many years (Niles 1970; Namken and Hielman 1973). 
Cotton breeders selected varieties for other boll weevil-resistant traits such as thick-
ened boll walls (Harned 1910), red leaves and stems (Isley 1928) and strap-like, 
frego bracts which permitted light to pass through the bracts and reach the squares 
and bolls, inhibiting weevil damage (Jones et al. 1964; Lincoln and Waddle 1965).
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5.4  Calcium Arsenate Era—1917–1945

From the first appearance of boll weevil, various concoctions were used in attempts 
to poison them. Lime, ashes, sulfur, Paris green, London purple, lead arsenate and 
many other concoctions were used (Parencia et al. 1983; Haney et al. 1996; Haney 
2001). Paris green was effective against the cotton leafworm, Alabama argillacea, 
but not boll weevil. Sulfur was effective on sucking insect pests such as tarnished 
plant bug, Lygus lineolaris and cotton fleahopper, Pseudatomoscelis seriatus, but 
once again, ineffective against the weevil (Parencia et al. 1983). In the early 1920s, 
calcium arsenate was found to be effective against boll weevil. And, in the 1920s, 
airplanes were found to be a very efficient means of applying insecticides. By 1931, 
aerial application of insecticides was widely accepted (Post 1924; Hinds 1926; 
Parencia 1978).

After the discovery of practical application methods for calcium arsenate, en-
tomologists largely abandoned development and implementation of ecologically-
based management methods and concentrated on research and extension programs 
involving chemical control methods (Smith et al. 1976). The Georgia State Bureau 
of Entomology recommended calcium arsenate treatments every 4–6 days (9–10 
applications per season) to control boll weevil (Warren and Williams 1922). Farm-
ers adopted chemical control and they too largely abandoned ecologically-based 
tactics to manage boll weevil and other cotton pests. Insecticide-dependent cotton 
production systems quickly became the principal means of protecting cotton. Isley, 
Baerg and Sanderson promoted use of insecticides only as necessary to supple-
ment cultural and other management methods (Isley and Baerg 1924; Baerg et al. 
1938), but dependence primarily on calcium arsenate continued for decades (Paren-
cia 1978). Injurious populations of cotton aphid, Aphis gossypii, and bollworm, 
Helicoverpa zea, were associated with repeated use of calcium arsenate (Bishop 
1929; Fletcher 1929; Sherman 1930; Baerg et al. 1938; Gaines 1942; Ewing and 
Ivy 1943). Nicotine or hydrated lime sulfur was sometimes mixed with calcium ar-
senate to provide control of mixed populations of cotton aphids, cotton fleahoppers, 
and bollweevils (Parencia et al. 1983).

In the 1920s and 1930s, Dr. Dwight Isley’s work in Arkansas stood out as one 
of the earliest examples of what would later be called integrated pest management 
(IPM). An advocate of the Government Method, Isley worked to encourage farmers 
to integrate cultural and biological control with judicious insecticide use. He used 
small, early planted trap plantings of cotton to attract boll weevils which were then 
controlled with insecticides without disrupting natural control on whole fields. He 
advocated scouting and the use of economic thresholds to determine when to treat 
for weevils and other cotton pests. And, he showed that early-season spot-treatment 
of heavily infested areas of cotton fields was effective in reducing damage from boll 
weevils. Integrating the cultural controls espoused by the Government Method with 
natural biological control and insecticides, Isley was ahead of his time and laid the 
early foundations for IPM systems in the United States (Isley 1933; Johnson and 
Martin 2001; Klassen and Ridgway 2001).
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5.5  Synthetic Organic Insecticide Era—1945–1996

5.5.1  Euphoria and the Crisis of Residues—1945–1955

The discovery and development of synthetic organic insecticides in the 1940s and 
1950s revolutionized pest control in the Southern U.S.A. The synthetic organochlo-
rine insecticides quickly replaced calcium arsenate on cotton (Parencia et al. 1983). 
BHC, aldrin, dieldrin, chordane and heptachlor were effective against boll weevils, 
but not against bollworms. When mixed with DDT, both weevils and worms were 
controlled. Toxaphene and endrin were effective against both pests. Soon, insec-
ticides from the organophosphate class of chemistry became available and grow-
ers quickly began using them along with organochlorines to control insect pests. 
Methyl parathion, azinphosmethyl, demeton and EPN were some of the organo-
phosphate insecticides used in cotton. Carbamate insecticides such as carbaryl were 
developed and used as well (Parencia et al. 1983).

Emulsifiable concentrate (EC) insecticide formulations were developed in 1948 
(Parencia et al. 1983). EC formulations allowed farmers and aerial applicators to 
conveniently mix insecticides with water and apply them to crops in low-pressure, 
low-volume sprays. Foliar sprays were a significant improvement from both ef-
ficacy and environmental contamination standpoints over more drift-prone dust 
formulations. In the late 1940s and 1950s the standard approach to controlling 
pests became spraying weekly from squaring to near harvest (Whitcomb 1970;  
Newsom 1970). This approach was accepted by most entomologists of the day 
(Rainwater 1952; Gaines 1952, 1957; Curl and White 1952; Ewing 1952; Smith 
et al. 1976). The number of applications for cotton pests ranged from one or fewer 
per year in northern, dryland production areas to 18 or more in warmer, high-rain-
fall, and irrigated regions (Smith et al. 1964; Haney et al. 1996; Barker 2001; Boyd 
2001). After World War II cotton became the most heavily insecticide treated crop 
in the U.S.A (ARS 1976; Botrell 1983). By the 1950s and 1960s, one third of the 
insecticides used in American agriculture were used on cotton (Brazzel et al. 1961; 
Knipling 1971; Perkins 1980). The majority of this insecticide use occurred in the 
southern U.S.A.

Overuse of synthetic organic insecticides followed the pattern seen after devel-
opment and widespread adoption of calcium arsenate. The availability of highly 
effective insecticides generated exaggerated optimism among cotton growers in 
their new-found power to control pests with synthetic organic insecticides (Barducci 
1972; Adkisson et al. 1982; Gould 2010; Tabashnik and Gould 2012). Grower opti-
mism quickly led to over-use of the very effective, but largely single tactic, synthet-
ic organic insecticide-based approach to pest control (Smith and Allen 1954; Stern 
1969; Adkisson 1969, 1971, 1972; Smith and van den Bosch 1967; van den Bosch 
et al. 1971; Smith 1969, 1970, 1971; Doutt and Smith 1971; Newsom 1970). Un-
fortunately, chemical control methods were not often integrated with cultural and 
biological control methods, but instead supplanted them (Smith et al. 1976). Most 
major cotton growing areas—which were plagued with severe insect pest prob-
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lems—came under a heavy blanket of insecticide (Smith et al. 1976). Optimism, 
over-use, and failure to integrate insecticides with ecologically-based pest manage-
ment strategies were patterns which would be repeated again and again as each new 
technology became available. Each time, reliance on single-tactic pest management 
practices—even when several modes of action have been used—has been unsus-
tainable (Stern et al. 1959; Metcalf and Luckman 1982; Persley 1996; Kogan 1998; 
Benedict and Ring 2004).

5.5.2  Confusion, Crisis of the Environment and Beginning of 
New Directions—1954–1972

Multiple concerns soon began to develop as a consequence of over-reliance on in-
secticides in the late 1940s and early 1950s. The confidence of cotton growers in 
the southern U.S.A. in insecticides as the solution to their cotton insect pest prob-
lems was shaken by the discovery of high levels of resistance to organochlorine 
insecticides in the boll weevil in Louisiana in 1954 (Roussel and Clower 1955) and 
in Texas the following year (Walker et al. 1956). Grower confidence was further 
weakened by the development of resistance to organochlorine insecticides (DDT) in 
the tobacco budworm and bollworm in the early 1960s (Brazzel 1963; Graves et al. 
1963), and further loss of confidence in the system occurred with the development 
of organophosphate (methyl parathion) resistance in the tobacco budworm six years 
later in Texas (Nemec and Adkisson 1969; Ridgway and Lloyd 1983). Resistance 
was occurring in other pests on other crops as well. Banks grass mite, Oligonychus 
pratensis, on grain sorghum and corn became resistant to multiple miticides in the 
late 1960s and early 1970s on the Texas High Plains (Ward et al. 1972). By 1983, 
Parencia and co-workers noted that 25 insects and spider mites that attack cotton 
had developed resistance to organochlorine insecticides. At least one resistant pest 
species was found in each cotton producing state.

The increasing cost of the single-tactic approach of pest control was exacerbated 
by insecticide resistance, pest resurgence and secondary pest outbreaks (Smith and 
Allen 1954; Stern 1969; Adkisson 1972; Bottrell 1983). Control costs were an in-
creasingly important concern and were directly related to grower over-reliance on 
insecticides. The National Cotton Council of America estimated the cost of insec-
ticides and application on cotton at $260 million annually for 1970–1972 (Eichers 
et al. 1978). An estimated 64.1 million pounds (29.1 million kg) of insecticide were 
applied to control cotton insects in the United States that year (Parencia et al. 1983).

The environmental costs of the heavily insecticide-driven pest management sys-
tem on cotton and other southern crops were brought into national focus with the 
publication of Silent Spring by Rachel Carson in 1962. Her book marked the begin-
ning of the environmental movement in the United States and led to a President’s 
Science Advisory Committee study and special report in 1963. The report found 
fault with a number of crop production chemicals (Smith et al. 1976). Environ-
mental concerns led to the formation of the U.S. Environmental Protection Agency 
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(EPA) in 1970. EPA banned the use of DDT—the insecticide at the center of the 
controversy—in 1972 (Parencia et al. 1983).

It was into these tumultuous times—highlighted by public and agricultural con-
cerns about crop protection, production costs and the environment—that the south-
ern corn leaf blight epidemic broke in 1970. Male sterile hybrid seed corn produc-
tion techniques rendered 85 % of the U.S. corn crop vulnerable to the Bipolaris 
maydis fungus. Southern corn leaf blight destroyed 15 % of U.S. corn production 
in 1970 (Tatum 1971; NAS 1972; Ulstrup 1972). The southern corn leaf blight 
epidemic further increased concerns about modern agricultural methods and the 
stability of the food supply.

As pest and pesticide related problems continued, experts reviewed and debated 
the best course of action (Perkins 1983). The approach now known as integrat-
ed pest management (IPM) was judged the most likely to succeed (NRC 1981; 
Bottrell 1983). Over time, the IPM approach, which relied upon a broad suite of 
techniques—intelligent use of cultural practices, cultivars with resistance to pests, 
biological control, crop monitoring (scouting), and judicious use of pesticides only 
when pests reached economic thresholds—was embraced by public sector crop pro-
tection specialists. Soon—with the demonstrated success of the IPM approach—
farmers and consultants adopted it as well.

Modern ecologically-based IPM arose from the observations and strategies of 
Townsend, Howard, Schwartz, Marlatt, Mally, Hunter, Hinds, Knapp, Coad and 
others. Their work helped cotton growers in the years just before and shortly after 
the turn of the 20th century to avoid some of the destruction caused by the boll wee-
vil. Conceptually, their work laid the foundation for the development of IPM in the 
U.S. Other scientists who worked on boll weevil—Isley, Baerg, Sanderson and oth-
ers—further developed IPM concepts as they began integrating ecologically-based 
strategies with insecticide-based strategies. Crop scouting, treatment thresholds, 
trap crops, spot treatments and conservation of natural enemies were products of 
their research and extension work.

The concept of integrated control was first articulated by Smith and Allen (1954) 
(Smith et al. 1976). Stern et al. (1959) is widely credited with having first provided 
the theoretical basis and applied methodology for holistic IPM (Castle and Naranjo 
2009). They developed the theoretical basis for control decisions and popularized 
the concepts of the economic injury level and the economic threshold. The inte-
grated control concept was later broadened to include all pest management methods 
(Smith and Reynolds 1965). Still later it was extended to include management of all 
classes of pests—plant pathogens, insects, nematodes and weeds (Smith et al. 1976). 
Modern multidisciplinary IPM is developed and implemented by teams of scientists 
who operate with a holistic view of pest management problems and tactics. IPM 
teams operate most effectively when they work and think in ways that consider the 
agro-ecosystem and the pests within it from a broad ecological perspective. From 
this perspective, they are able to develop multidisciplinary management programs 
featuring ecologically-based solutions that address primary pest concerns without 
damaging systems, keeping other pests in check, causing unnecessary environmen-
tal damage, or limiting agricultural production (Smith et al. 1976).
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5.5.3  Changing Paradigms—1968–1996

The period of nearly three decades—1968–1996—was a time of concentrated pub-
lic and private sector investment in IPM. During this period, grower adoption of 
IPM provided benefits both on the farm and to society in the South and throughout 
the U.S.A.

Scouting services were embryonic in the 1940s and 1950s. They consisted pri-
marily of checking to see if the insecticides that had been applied had worked. Lit-
tle attention was given to thresholds, beneficial insects, resistant varieties, cultural 
practices, etc. As resistant insect pests evolved and insecticide costs increased, pro-
ducers became more aware of the need for professionals to help them make deci-
sions (Head 1983). State Cooperative Extension Services initial efforts to initiate 
IPM programs in cotton began in 1967 (Young 1983; Canerday 1983). Extension 
agents—deployed at the 1 to 5 county level—developed integrated pest manage-
ment programs which emphasized beneficial insects, use of cultural practices, dia-
pause and overwintering boll weevil control, individual field scouting, and use of 
selective insecticides only when economic thresholds were met or exceeded. Fed-
eral funding for research and extension IPM programs was begun in 1972 with the 
Huffaker Project—1972–1978 (Huffaker and Smith 1980). It made organizing and 
implementing pilot IPM programs across the cotton belt possible. Further funding 
in 1975 allowed for program expansion. EPA, NSF and USDA funded the 17 uni-
versity Consortium for IPM, 1979–1985, and further developed state IPM research 
and extension efforts (Frisbie 1985a). Farmers rapidly adopted IPM programs and 
accepted guidance from extension agents (Young 1983). Scouted cotton acreage 
increased rapidly across the cotton belt (Lambert 1983; Canerday 1983).

Research teams quickly developed and improved IPM tactics and systems. Eco-
nomic thresholds, monitoring methods, pest resistant crops, pest suppression sys-
tems, crop and pest modeling and forecasting and improved biological control tech-
niques were achievements of the research efforts (Frisbie 1985a).

Extension teams provided grower funded scouting programs which informed 
producers about pest populations and natural enemy levels in individual fields, and 
informed farming communities about pest and natural enemy trends. They worked 
with pest management technologies (pesticides, pest resistant crop technologies, 
cultural controls, biological controls, etc.) and demonstrated the best use of tech-
nologies for local crop production systems. Their work emphasized integration of 
ecologically-based and pesticide-based technologies with goals of reducing the en-
vironmental and human health risks associated with crop production, and improv-
ing farm profits.

As a result, insecticide use began to decline (Lambert 1983; Adkisson et al. 
1985) and the number of scouted cotton fields increased (Corbet 1981; Pimentel 
et al. 1992; Parvin et al. 1994). Participating farmers realized higher yields, lower 
risks and greater profits ~$333 per hectare ($135 per acre) compared with non-
participants in Mississippi (Parvin et al. 1994).
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The investment of Federal funds in state extension IPM programs had a posi-
tive impact on the crop consulting industry. In 1972 there were an estimated 61 
crop consultants practicing in the entire cotton belt. By 1982 the number of practic-
ing consultants had increased dramatically to an estimated 571. Mississippi, Tex-
as, California and Louisiana had greater numbers of consultants than other cotton 
belt states. Sixty-three former extension employees were working as consultants 
(Head 1983). Acres scouted by consultants had grown from an estimated 401,500 
(~162,481 ha) in 1972 to 2.2 million (~0.9 million ha) in 1982 (Lambert 1983). 
Producer support for private consultants increased from $430,000 in 1972 to ~$7 
million in 1980 (Blair 1983). By 1983 a substantial portion of U.S. cotton land was 
regularly monitored by private, college-trained pest management consultants who 
offered a wide range of services including soil fertility analysis and recommenda-
tions, crop variety selection, pest advice, pesticide application and alternate control 
methods (Bottrell 1983). By 1983, an estimated 2.75 million hectares (6.8 million 
acres) of cotton were in either a private or university sponsored IPM program. The 
grower cost for IPM was estimated at $14.3 million per year, while the economic 
benefit was estimated to be greater than $133 million per year—$9.30 for every 
dollar invested (Smith 1983).

Fuchs et al. (1997) conducted an extensive survey of Texas producers on their 
adoption and use of IPM. The survey team received 1,552 responses. Sixty-four 
percent of growers met the definition of IPM users (pre-determined by the survey). 
Farmers managing 68 % of the land used survey-defined IPM practices to suppress 
pests. Eighty-eight percent of farmers used economic thresholds, and 84 % of acres 
were scouted. Fifty-one percent of acres were treated and 69 % of growers consid-
ered the impact of treatment on natural enemy populations before they applied an 
insecticide. Thirty-seven percent of all insecticide applications targeted boll weevil 
and 36 % targeted bollworms (a total of 73 % for of treatments targeting either boll 
weevils or bollworms). Cotton fleahopper was the target for 10 % of the insecticide 
treatments, while aphids were the target for 8 % and thrips were the target for 9 % 
of the treatments.

During its first 50 years, IPM in cotton was predominantly a field-based approach 
with monitoring and decision-making conducted on a field-by-field basis (Brewer 
and Goodell 2012). Notably, area-wide IPM also had its early roots in the strug-
gle to manage boll weevil in the early years of the twentieth century. Mally and 
other early scientists were proponents of area-wide stalk destruction for boll weevil 
population management as a part of the suite of management tactics early farmers 
called the Government Method. Their concept of area-wide pest management for 
cotton—area-wide stalk destruction—is still mandated by state law in many southern 
states and is practiced to this day. Selection of cotton varieties for earliness and use of 
early fruiting varieties on an area-wide basis along with cultural practices to promote 
earliness—tactics from Mally’s ecologically-based management suggestions—were 
major components of the IPM cotton production systems in use 60–100 years later 
(Adkisson et al. 1982; Walker and Niles 1971; Frisbie 1985b). The area wide man-
agement philosophy was further developed in Texas by Ewing and Parencia (1949, 
1950). They developed community-wide, early-season programs to control overwin-
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tering boll weevils with the least possible disruption of natural enemies. In Arkan-
sas, the area-wide IPM concept was the central paradigm for bollworm management 
communities. Initially conceived and operated by the Arkansas Cooperative Exten-
sion Service, these programs began in 1976 and by 1983 they were operational on 
over 32,000 hectares (80,000 acres), involving over 200 cotton producers (Cochran 
et al. 1985). By 1985, thirty percent of the cotton in Arkansas had IPM activities con-
ducted through one of seven community IPM programs (Frisbie 1985b). Economic 
surveys indicated participating growers enjoyed benefits of 67 kg/ha (60 lbs/acre) 
higher lint yield and 4.2 fewer insecticide applications (Frisbie 1985b).

Area-wide boll weevil diapause control programs were conducted in many south-
ern states in the 1960s and 1970s (Allen 2008). The largest of these was conducted 
on the Texas High Plains from 1963–1997. For 34 years the program prevented boll 
weevil infestation of the 1.3 million hectares (3.2 million acres) of cotton on the 
Texas High Plains (Frisbie 1985b). Economic evaluation of the program indicated 
it prevented the loss of 75–125 million bales of cotton and it prevented the use of 
3.6–9 million kilograms (8–20 million pounds) of insecticide per year. By prevent-
ing the establishment of boll weevil on the Texas High Plains, $12-$20 million per 
year in increased production costs was avoided (Lacewell et al. 1974). In the end, 
however, the program failed due to mild winters and the establishment of 1.7 mil-
lion hectares (4.2 million acres) of USDA Conservation Reserve Program grasses 
which served as boll weevil overwintering sites (Leser et al. 1997; Stavinoha and 
Woodward 2001).

In corn, crop rotation—conducted on a field-by-field basis, but adopted by pro-
ducers on an area-wide basis—was effective for many years in reducing popula-
tions of western and Mexican corn rootworms. In spite of the non-chemical na-
ture of the tactic, its widespread use exerted significant selection pressure on corn 
rootworms resulting in the development of western and Mexican corn rootworm 
biotypes which laid their eggs in non-host crops in the fall, enabling the emerging 
larvae to infest corn as fields were rotated back into corn production the following 
spring (Chandler et al. 2008).

The successes of area-wide approaches to the management of insect pests led 
Dr. Edward Knipling to develop the Total Population Management (TPM) concept. 
Following successful application of the area-wide, TPM concept in eradication of 
screwworm ( Cochliomya hominavorax) from the southern U.S.A. (Klassen and 
Ridgway 2001), Knipling believed the concept could be used to eradicate the boll 
weevil (Knipling 1966, 1967, 1968). He thought that the boll weevil was a good 
candidate for eradication because it had one host plant throughout most of its range 
in the U.S.A. His success with screwworm emboldened the cotton grower leader-
ship to accept and embrace the idea that the boll weevil could be eradicated.

Knipling, Robert Coker and J.F. McLaurin led discussions with the National 
Cotton Council which passed a resolution in 1958 to develop the technology to 
eradicate the boll weevil from U.S. cotton fields (Knipling 1956; Coker 1958). This 
began an intensive effort to fund USDA Agricultural Research Service (ARS) ef-
forts to develop the biological and technical tools that would be needed for boll 
weevil eradication. In 1960, the U.S. Congress appropriated $1.1 million for con-
struction of the USDA ARS Boll Weevil Research Laboratory on the campus of 
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Mississippi State University. Table 5.1 provides information about the key efforts 
and advancements which enabled private-public partnerships to successfully con-
duct boll weevil eradication in the southern U.S. (Davich 1976; McKibben et al. 
2001;  Allen 2008).

Following the Pilot Boll Weevil Eradication Trial 1971–1973 in Louisiana, Mis-
sissippi and Alabama and the Boll Weevil Eradication Trial in northeastern North 
Carolina and southeastern Virginia 1978–1980, the national boll weevil eradication 
program began in the USA in 1983. The program began in southern North Carolina 
and South Carolina on the east and two years later, in California and Arizona in the 
west (Ridgway and Mussman 2001; Dickerson et al. 2001; Harris and Smith 2001; 
Clark 2001; Neal and Antilla 2001; Roof 2001; Allen 2008). It has resulted in eradi-
cation of the boll weevil from all U.S. cotton except approximately 60,000 hectares 
(150,000 acres) near the Rio Grande in South Texas. Boll weevil eradication pro-
grams in Mexico have eliminated the pest from the majority of cotton producing 
lands, including the primary production areas in northwestern Mexico. In Texas, 
the net cumulative economic benefit of boll weevil eradication from 1998–2010 has 
been $1.9 billion (McCorkle 2011).

In the southwestern U.S., a program to eradicate the pink bollworm has also been 
successful. Through this area-wide effort, pink bollworm has been eradicated from 
all cotton producing areas in Texas, New Mexico, Arizona, California and north-
western Mexico in which it was previously a significant pest (Personal communica-
tion, L. E. Smith 2012; Liesner et al. 2011). Pink bollworm programs have used a 
number of tactics including Bt cotton, pheromone mating disruption, insecticides 
and sterile insect releases (Smith et al. 2012).

Together, area-wide boll weevil and pink bollworm eradication programs have 
transformed IPM in southern states and have produced highly positive economic 
impacts for cotton growers and local economies in the region. In addition, they have 
greatly reduced the need for insecticides, providing significant environmental and 
human health benefits.

Table 5.1  Critical technologies for boll weevil eradication and the periods of development
Technologies Year(s) Citations
Crop residue destruction 1890s–1920s Mally 1901; Walker and Niles 1971
Short season varieties and production 1890s–1970s Mally 1901; Walker and Niles 1971
Aerial application of insecticides 1920s Post 1924; Hinds 1926
Mass rearing boll weevils 1950s–1960s Vanderzant and Davich 1958; Gast and 

Vardell 1963
Diapause control 1950s–1960s Brazzel 1959, 1962
Ultra-low-volume insecticide 

application
1960s Hopkins and Taft 1967

Malathion (insecticide) 1960s Burgess 1965; Hopkins and Taft 1967
Pheromone 1960s–1970s Tumlinson et al. 1969, 1971
Trap 1970s Leggett and Cross 1971
Mapping/trapping/data systems 1990s El-Lissy and Moschos 1999; Allen 2008
Aircraft global positioning systems 1992 Personal Communication, R. Haldenby, 

2007.
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Highly effective pyrethroid insecticides became available to U.S. cotton produc-
ers in 1977 (Bierman 1983). Once again, growers developed great confidence in 
the new technology and their use of pyrethroid insecticides soared. On average, 
8 applications per year were made on cotton in higher use areas. From one to five 
Heliothis/Helicoverpa generations were treated annually during the late 1970s and 
1980s (Bacheler 1985).

By 1985—seven years after the pyrethroids became available—field-evolved 
resistance was reported in tobacco budworm ( Heliothis virescens) populations in 
West Texas (Allen et al. 1987). Resistance was confirmed in the laboratory in both 
South and West Texas tobacco budworm populations (Plapp et al. 1987). During the 
next 10 years, pyrethroid resistance in tobacco budworm spread gradually through 
the South (Graves et al. 1989, 1991, 1992; Elzen 1995; Elzen et al. 1992, 1997; 
Hasty et al. 1997).

Insecticide resistant cotton aphids were another cause for grower concern dur-
ing the late 1980s and early 1990s. During this period, widespread resistance to 
multiple classes of insecticides developed in the cotton aphid across much of the 
South (Allen et al. 1990; Hardee and O’Brien 1990; Kerns and Galor 1991; Reed 
and Grant 1991; Bagwell et al. 1991; Johnson and Studebaker 1991; Harris and Furr 
1993; Layton et al. 1996a). A few years later, tarnished plant bug populations con-
tinued the trend. They too, developed resistance to multiple classes of insecticides 
(Snodgrass and Elzen 1995; Snodgrass and Scott 1996; Luttrell et al. 1998; Russell 
et al. 1998).

Resistance management plans were developed by research and extension ento-
mologists with the goal of sustaining the efficacy of pyrethroid and other insecticide 
chemistry against tobacco budworm, cotton aphid and tarnished plant bug. They 
were modeled after plans developed in Australia to preserve pyrethroid efficacy 
against Heliothis armigera (Sawicki and Denholm 1987; Sawicki 1989). The plans 
emphasized earliness, use of field scouting and economic thresholds to determine 
the need for field treatment, use of alternative insecticide classes, and tank mixes of 
insecticides from different classes (Fuchs 1994; Bagwell 1996). Extension Service 
promotion of resistance management plans and widespread grower and consultant 
adherence to them sustained the effectiveness of pyrethroids for tobacco budworm 
and insecticides for cotton aphid and tarnished plant bug from the late 1980s until 
the mid-1990s when Bt transgenic cotton varieties and novel insecticides for cotton 
aphid and tarnished plant bug became available (Colburn 1994; Allen 1995; Graves 
et al. 1995; Bagwell et al. 1991; Bagwell 1996; Furr and Harris 1996; Layton 1994).

The suppression of natural enemies through repeated use of insecticides resulted 
in pest resurgence and increasing secondary pest problems. This, along with in-
creasing insecticide resistance in primary pests, led to an escalation in insecticide 
use in the late 1980s and 1990s. Grower treatments were made during the same 
years that broad-spectrum malathion treatments were being applied to by boll wee-
vil eradication programs. Natural enemy populations were reduced and pest man-
agement systems became unstable, resulting in severe pest outbreaks. Beet army-
worm, Spodoptera exigua, outbreaks occurred in Alabama, Georgia, Mississippi, 
Florida, South Carolina and Texas during the period 1988–1998 (Sprenkel and 
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Austin 1996; Mascarenhas et al. 1998). Because insecticides were mostly ineffec-
tive, high control costs and significant crop loss resulted in outbreak areas (Summy 
et al. 1996; Sparks et al. 1996). Serious tobacco budworm outbreaks occurred as 
well, with similar outcomes. Cotton growers in Alabama, Mississippi and Tennes-
see experienced highly damaging tobacco budworm outbreaks in 1993, 1994 and 
1995 (Layton et al. 1996b; Williams and Layton 1996). And, in 1991, farmers on 
the Texas High Plains experienced insecticide induced outbreaks of resistant cotton 
aphids (Leser et al. 1992).

5.6  The Era of Genetically Modified Crops—1996 to Present

5.6.1  Insect Resistant, Bt Transgenic Crops

In 1996—one year after serious beet armyworm outbreaks in Texas and tobacco 
budworm outbreaks in Mississippi, Alabama and Tennessee—Bt transgenic cotton 
and corn first became available in the U.S.A. Not surprisingly, grower adoption of 
Bt cotton was rapid (Benedict and Ring 2004; Luttrell et al. 2012). Adoption con-
tinued to increase for several years. By 2011, Bt cotton plantings comprised greater 
than 95 % of land planted to cotton in most production regions of the USA (Luttrell 
et al. 2012). Over 58 million hectares of Bt crops, primarily cotton and corn were 
planted in the U.S.A. in 2010 (James 2010).

The first year of Bt cotton use, bollworm populations caused crop damage (Cart-
er et al. 1997; Lambert 1997; Pitts et al. 1999). Damage occurred mid-season in 
Texas and the Mid-South as bollworms fed on blooms and small bolls deep within 
the crop canopy. Pyrethroid insecticides were applied to control the worms in some 
fields. In general, however, in spite of minor to moderate crop losses in some ar-
eas, the Bt transgenic cotton (single protein toxin) performed well (Benedict and 
Ring 2004; Naranjo and Elsworth 2010; Duke 2011). Caterpillar control and resist-
ance management were improved by the introduction of dual toxin Bt cottons in 
2002 (Greenplate et al. 2002; Bacheler and Mott 2003; Catchot and Mullins 2003; 
Hagerty et al. 2003).

Resistance management was a part of the agreement when farmers purchased Bt 
seed and it was a part of the EPA label for Bt crops. EPA considered Bt proteins as 
plant incorporated protectants (PIPs) resulting in their being regulated. Refuges of 
non-Bt crops were required. The refuge requirements were based on the ability of 
a transgenic Bt plant to deliver a high toxin dose. EPA categorized “high dose” as 
toxin concentrations high enough to kill at least 99.99 % of susceptible insects in 
the field—survival of less than 0.01 % of larvae on Bt plants compared to larval sur-
vival on non-Bt plants (EPA 1998; Tabashnik and Gould 2012). Modeling projected 
that a high dose teamed with non-Bt refuge plantings which would produce adults 
which had not been selected for Bt resistance could forestall resistance development 
resulting in enhanced sustainability of the technology. In theory, for target pests in 
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which the high dose definition is not met, refuges should be higher than those for 
pests in which the high dose threshold is met (Gould 1998; Carrière and Tabashnik 
2001; EPA 2002; Tabashnik et al. 2004, 2008, 2009). Availability of additional non-
Bt refuge introduces greater numbers of non-selected adults into the environment. 
Increased percentages of non-selected moths are needed to slow resistance in pests 
that do not meet the high dose threshold. Unfortunately, neither bollworm nor west-
ern corn rootworm, Diabrotica virgifera, meet the high dose threshold (Tabashnik 
and Gould 2012). Refuge requirements may not have been set high enough and 
these pests have proven problematic in Bt cotton and Bt corn (Ali et al. 2006; Lut-
trell et al. 2004; Porter et al. 2012; Tabashnik et al. 2008, 2009, 2010, 2012).

In cotton, one or more bollworm sprays on two gene Bt cotton have produced 
yield increases in recent years. These treatments are commonly made by growers in 
the mid-South and southeast (Greene et al. 2011; Jackson et al. 2012; Luttrell et al. 
2012; Lorenz et al. 2012).

In corn, western corn rootworm caused “greater than expected damage” to Cry 
3Bb1 corn in 2009. By 2011, damage to transgenic Cry 3Bb1 hybrids had been 
reported in Illinois, Iowa, Minnesota, Nebraska and South Dakota. Field-evolved 
resistance in western corn rootworm is believed to be the reason for the dam-
age (Gassmann et al. 2011). In 2012, the North Central Coordinating Committee 
NCCC46, consisting of entomologists from land grant institutions and USDA-
ARS, wrote a letter pointing out the need for more effective refuge requirements to 
preserve the effectiveness of the Bt toxins against western corn rootworm (Porter 
et al. 2012).

In spite of the inability of Bt cotton to completely control higher populations of 
bollworm in some locations, the technology has transformed pest management on 
cotton in the South. Target pests have been brought under almost complete control. 
And secondary pest outbreaks that in the past developed due to use of insecticides 
against primary pests and the resulting loss of natural enemies—have been almost 
completely eliminated (Turnipseed et al. 2001; Shelton et al. 2002; Naranjo and Ells-
worth 2003; Head and Dively 2004). Insecticide applications have been reduced by 
50–60 % by the combination of Bt cotton, boll weevil eradication and other advances 
since 1996 (Roush and Shelton 1997; Chilcutt and Johnson 2004; Naranjo 2011). A 
compilation of the Beltwide Cotton Conference, cotton insect loss estimates from 
southern states Table 5.2, demonstrates how insect losses have been reduced. State 
losses to insects for the period 1980–1995 averaged 7.51 %, while average losses 
for the period 1996–2011 averaged 5.17 %; losses after 1996 were reduced by 31 %. 
Similarly, the number of insecticide applications for the period 1986–1996 averaged 
5.61 applications per hectare, compared to an average of 2.98 insect applications 
per hectare for the period 1996–2011. After 1996, insecticide applications were re-
duced by 47 % (Hamer 1981; Head 1982–1998; Williams 1999–2012).

An analysis by the National Center for Food and Agriculture Policy concluded 
that quantity of insecticide active ingredient applied to cotton in the USA declined 
from 0.41 kg/ha in 1995 (the year before the commercial introduction of Bt crops) 
to 0.13 kg/ha in 2000, a 68 % reduction (Carpenter et al. 2004). In China and India 
even greater reductions in pesticide use have been seen since Bt cotton became 
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available (Duke 2011). Commercialization of Bt crops worldwide has led to a re-
duction of 140 million kg of insecticide active ingredient on cotton and a 352 mil-
lion kg reduction of insecticide active ingredient use on all crops between 1996 and 
2008 (Brookes and Barfoot 2010; Naranjo 2011). The reduction in pesticide use 
has provided significant environmental and human health benefits (Yu et al. 2011).

Reduced pesticide use due to elimination and suppression of key cotton pests—
boll weevil eradication and the use of transgenic Bt cotton—has had overwhelm-
ingly positive impacts on cotton production economics and the environment. But 
negative impacts have occurred as well. In the reduced insecticide environment, 
the pest status of sucking bugs has increased, resulting in an increase in insecticide 
treatments needed to control them. The emergence of stink bugs in the southeast 
(Greene and Herzog 1999; Roof and Bauer 2002; Steede et al. 2003; Ottens et al. 
2005; Greene et al. 2005) and tarnished plant bugs in the mid-South (Luttrell et al. 
1998; Johnson et al. 2001; Layton et al. 2003) have required field monitoring and 
multiple, timely applications of insecticides. Even with the increased treatment for 
sucking bugs, the total insecticide load on cotton has been greatly reduced by Bt 
cotton and boll weevil eradication. In addition to insecticide reduction, the adop-
tion of Bt transgenic crops is estimated to have saved 125 million liters of fuel and 
avoided emission of 344 million kg of CO2 worldwide (Brookes and Barfoot 2010).

Negative effects of Bt crops on natural enemies have been reported. But compre-
hensive studies have documented that Bt proteins do not pose direct hazards to natu-
ral enemies (Gould 1998; Benedict and Altman 2001; Naranjo 2011). Bt crops rely 
less on insecticides, allowing farmers to take greater advantage of natural enemies 

Table 5.2  State average losses to insects and insecticide applications on cotton before the Bt 
cotton became available in 1996 compared with the years since 1996 when Bt cotton was widely 
used. (Sources: Hamer 1981; Head 1982–1998; Williams 1999–2012)
Year % Loss No. Appl. Year % Loss No. Appl.
1980 8.73 NA 1996 6.61 3.97
1981 10.49 NA 1997 9.42 4.05
1982 NA NA 1998 7.98 4.3
1983 6.80 NA 1999 7.66 2.94
1984 6.90 NA 2000 9.26 3.61
1985 7.01 NA 2001 4.53 2.28
1986 7.76 4.6 2002 4.61 3.14
1987 5.89 5.5 2003 4.16 2.97
1988 6.87 5.2 2004 4.18 2.96
1989 9.22 6.7 2005 4.47 3.02
1990 6.41 4.2 2006 2.95 2.29
1991 5.63 4.6 2007 3.62 2.79
1992 6.90 5.8 2008 3.80 2.15
1993 6.88 5.8 2009 2.58 2.11
1994 6.03 5.2 2010 3.91 2.45
1995 11.08 8.5 2011 3.03 2.69
Average 7.51 5.61 Average 5.17 2.98
NA—not available
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(Head et al. 2001; Benedict and Ring 2004; Naranjo 2011). Natural enemy popula-
tions are typically higher in untreated Bt cotton than in non-Bt cotton treated with 
insecticides (Marvier et al. 2007; Wolfenbarger et al. 2008; Naranjo 2009, 2011). 
Production systems which include pest resistant cultivars and maintain effective 
natural enemy populations have greater sustainability because of the increased pest 
mortality from natural enemies. Bt transgenic systems allow predators and parasites 
to respond naturally—in a density dependent manner—to the presence (or increase) 
of pest populations (Benedict and Ring 2004). Mortality due to natural enemies 
reduces selection pressure on Bt insecticidal proteins, slowing the development of 
pest resistance to Bt cotton (Van Emden 1991; Carrière and Tabashnik 2001).

The impact of Bt crops on non-target organisms has been thoroughly examined. 
The world literature on the subject was summarized by Yu et al. (2011). They found 
that Bt crops do not cause apparent, unexpected, detrimental effects on non-tar-
get organisms or their ecological functions. Bt proteins do not accumulate in soils 
(Head and Dively 2004). Since Bt protein toxins are only toxic to one or two insect 
orders, their action is much more targeted than most insecticides (de Maagd et al. 
1999). The proteins kill some major crop pests, but they cause little or no harm to 
most other organisms—including humans (Mendelsohn et al. 2003; National Re-
search Council 2010).

5.6.2  Nematodes and Thrips

For a number of years, treatments for nematodes and thrips have been preventative 
and area-wide in many areas of the southern US cotton belt. Aldicarb (Temik 15G) 
was the product of choice for both pest complexes and performed well for many 
years. A USDA-NAPIAP study in 1993 concluded that aldicarb was the single most 
valuable pesticide for U.S. cotton growers (Anonymous 1993). Bayer CropScience 
announced in the fall of 2010 that the marketing of aldicarb would end in the USA 
in 2014 and EPA declared that its use on all crops would end no later than August 
2018. At the farm-level, however, aldicarb was unavailable for the 2011 and 2012 
seasons. Without aldicarb, cotton vulnerability and losses to nematodes and thrips 
were expected to increase and widespread use of preventative seed-treatment and 
in-furrow, at-planting treatments to control these pests was expected to continue, 
involving multiple products for nematode and thrips control (Siders 2011).

Following the loss of aldicarb, cotton grower use of seed treatment and in-fur-
row pesticides continued the preventative and areawide use pattern seen previously 
when aldicarb was available. Seed treatment and in-furrow treatments to control 
nematodes, primarily southern root-knot nematode, Meloidogyne incognita, and 
reniform nematode, Rotylenchus renniformis; and thrips, predominantly tobacco 
thrips, Frankliniella fusca in most of the cotton belt, and western flower thrips, 
Frankliniella occidentalis in West Texas. Nationally, some 950,000 bales of cotton 
per year are lost to nematodes (Davis 2011; Blasingame 1999–2010) and thrips 
losses have averaged 121,094 bales per year since 2000 (Williams 2001–2012). An-
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nual cotton yield losses to nematodes in the U.S.A. range from two to seven percent 
of the crop (Haygood et al. 2012). Based on losses at these levels, the $7.2 billion 
dollar 2011 cotton crop (NASS 2012) in the U.S.A. suffered losses from nematodes 
between $144 million to $504 million. And, thrips losses in the U.S.A. averaged 
$30.8 million per year (Williams 2001–2012; NASS 2012). Nematode and thrips 
losses occurred primarily in the southern USA.

Management to reduce losses from root-knot and renniform nematodes has 
evolved, post-aldicarb, to an increasingly integrated approach. Improved laboratory 
methods using PCR to quantitatively determine the number of renniform nematodes 
in soil samples has the potential to reduce the lab time and the cost of evaluating 
nematode infestation levels (Showmaker et al. 2012). Multi-temporal remote sens-
ing technologies with information delivery via the internet can provide cotton grow-
ers with information on the degree of renniform nematode infestation in fields—
without the necessity of taking or processing soil samples (Palacharla et al. 2012). 
Systems using various methods including digital elevation modeling, soil electrical 
conductivity, normalized difference vegetative index, yield maps and geographic 
information system referenced nematode sampling have been developed allowing 
growers to specifically target areas of infested fields which can respond to fumiga-
tion treatment. The use of fumigants has increased in recent years (Overstreet et al. 
2011, 2012; Allen et al. 2012; Haygood et al. 2012; Norton et al. 2012). In addition, 
cotton growers are using other nematode management techniques such as nematode 
tolerant varieties (Anderson et al. 2011; Wheeler et al. 2012) and rotating to non-
host crops such as peanuts and grain sorghum (Overstreet and Kirkpatrick 2011). 
Highly nematode resistant cotton lines have been identified and work is underway 
to develop elite, nematode resistant varieties (Davis 2011; Nichols 2012).

To minimize losses from thrips, growers across the south are increasingly adopt-
ing preventative seed-treatment and in-furrow insecticides (Akin et al. 2011, 2012; 
Griffin et al. 2012; Nino and Kerns 2010; Herbert et al. 2012; Roberts et al. 2012). 
In most cases, foliar sprays have not increased yields of cotton which has been pro-
tected with in-furrow or seed-treatment thrips control insecticides. But, when thrips 
infestations are high or early season growing conditions are wet and/or cool, foliar 
thrips treatments can increase cotton yields (Roberts 2012; Akin et al. 2011, 2012). 
It is not uncommon for producers to make foliar applications for thrips control at 
specific growth stages, or with herbicide applications; regardless of thrips numbers 
or damage potential (Akin et al. 2011, 2012). The consensus of extension entomolo-
gists in the South is that foliar sprays following seed treatment or in-furrow insec-
ticide applications should only be made on the basis of the presence thrips above 
treatment thresholds (Akin et al. 2011, 2012; Roberts et al. 2012). Thrips resistant 
cotton lines have been identified and breeding for resistant varieties is on-going 
(Arnold et al. 2010).

Trends for nematode and thrips management have been, and very likely will 
continue to be preventative and area-wide.
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5.6.3  Innovations in Managing Mycotoxins and Plant Diseases

5.6.3.1  Mycotoxins

In recent years plant pathologists and crop protection specialists have made a num-
ber of significant advances in the management of long-unsolved plant disease/
mycotoxin issues affecting agriculture in the southern U.S.A. The development of 
technology which has allowed farmers to reduce aflatoxins in corn, peanut, and cot-
ton seed has been critically important in their ability grow these crops profitably and 
produce crops which can be safely consumed by humans and animals.

Aflatoxins—a group of mycotoxins which are very important in the southern 
USA—are extremely toxic compounds produced by some biotypes of Aspergillus 
section flavi and A. parasiticus. These ubiquitous fungi infect many crops (Diener 
et al. 1987; Cotty 1994). They have been problematic in the hot, humid growing 
conditions typically present in the South. Hot years with low rainfall often result in 
aflatoxin contamination in corn and other crops.

Aflatoxins are considered among the world’s most serious food safety problems. 
They were first identified in the 1960s following the death of a large number of 
turkeys in Britain. Scientists studying that incident found high levels of aflatoxins 
in imported peanut meal used in the turkey feed (Robens 2008). The presence of 
aflatoxins in human food causes both acute and chronic effects—aflatoxicoses—
ranging from immune system suppression, to growth retardation, and cancer. Hu-
man deaths can result from acute poisoning (Gong et al. 2002; Wild and Turner 
2002). Occasional outbreaks of aflatoxin poisoning in humans has occurred in 
Africa. In 1966–1967 and 2004, outbreaks of aflatoxin poisoning in Uganda and 
Kenya, respectively, caused human illness and death. In both instances, consump-
tion of highly contaminated corn—which was produced during drought years and 
stored improperly—was identified as the cause. Those affected developed jaundice, 
after which the mortality rate was high (Probst et al. 2007). High concentrations of 
aflatoxin in human food have been positively associated with the incidence of liver 
cancer (Wild and Hall 2000). In the U.S.A., health risks to humans, livestock and 
wildlife, and the reduced profitability of contaminated crops have strongly moti-
vated farmers to prevent the formation of aflatoxins in the field (Park et al. 1988).

Many countries have implemented regulations which limit the concentration of 
aflatoxins allowable in food and feeds (Haumann 1995). In the U.S.A., the U.S. 
Food and Drug Administration (FDA) limits aflatoxins in food or feed in interstate 
commerce to 20 ppb and in milk to 0.5 ppb (Brown et al. 1991; Gourma and Buller-
man 1995). Crops containing over 100–300 ppb cannot be legally fed to animals in 
the U.S.A. (FDA 2012).

Economic losses to farmers who have produced aflatoxin contaminated corn (or 
other commodities) are high. Monitoring, research and lost sales are estimated at 
between $0.5 and $1.5 billion annually (Robens and Cardwell 2003; Bruns and 
Abbas 2006). During a drought in 1998, losses from inability to market aflatoxin 
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contaminated corn in Texas, Arkansas, Mississippi and Louisiana were estimated at 
$85 million (Williams et al. 2003; Abbas et al. 2002, 2006).

Following widespread aflatoxin contamination of crops in the U.S. Corn Belt 
in 1988, commodity groups pushed for additional funding for research (Cole and 
Cotty 1990; Robens et al. 1990). This resulted in the formation of the Multi-crop 
Aflatoxin Working Group, composed of land grant university and USDA scientists 
to address the aflatoxin problem in cotton, corn, peanuts and tree nuts (Robens et al. 
1990). Stakeholder groups provided multi-crop funds and USDA-ARS funding for 
aflatoxin research was increased. multi-crop funds totaled $750,000 in 2007. That 
year 28 research/extension projects were funded—ten on corn, nine on peanut, four 
on cotton seed, and four on tree nuts. USDA –ARS funding for aflatoxin research 
was increased 3.75 fold from 1982 to 2006 (Robens 2008) (Table 5.3).

Cultural practices such as manipulation of planting dates to avoid heat/water 
stress during kernel filling (Abbas et al. 2007), manipulation of harvest dates (Bock 
and Cotty 1999), improving irrigation practices (Russell et al. 1976), improving 
harvest methods (Russell et al. 1981), and improving storage practices (Batson et al. 
1997) have been shown to reduce aflatoxin contamination of agricultural products. 
Furrow-diking fields was a specific irrigation method which reduced aflatoxin in 
southeastern U.S.A. peanut, cotton and corn fields (Nuti et al. 2007). And, preven-
tion of root infection by the peanut root nematode was shown to reduce aflatoxin 
contamination in peanut (Timper and Holbrook 2007).

Infestation by insect pests can increase the levels of mycotoxins—primarily afla-
toxins and fumonosins (from Fusarium spp.). Insects carry fungal spores and cause 
damage which permits entry of the fungus. One of the positive benefits of Bt corn 
has been a reduction of insect damage and lower aflatoxin and fumonosin contami-
nation (Benedict et al. 1998; Munkvold et al. 1999; Dowd 2001; Bakan et al. 2002; 
Williams et al. 2002; Hammond et al. 2003; Williams et al. 2004; Wiatrack et al. 
2005; Bruns and Abbas 2006). Planting of Bt corn has resulted in an estimated $23 
million per year benefit from reduced aflatoxin and fumonosin contamination of the 
crop (Wu 2006).

Competitive displacement of toxicogenic fungi is a novel biocontrol strategy to 
reduce aflatoxin contamination. This IPM strategy was pioneered by USDA-ARS 
scientists and strongly supported by grower groups and agricultural business part-
ners (Cotty et al. 2007; Robens 2008). Public sector research scientists found that 
certain lines of A. flavus do not produce aflatoxin. They theorized that atoxigenic 
strains could be used to competitively displace and exclude the naturally present 
aflatoxin producing strains. After collecting and characterizing more than 10,000 

Year USDA-ARS Funding for Aflatoxin Research
1982 $ 3.2 million
1989 $ 3.7 million
1998 $ 8.4 million
2006 $ 12 million
Source: Robens 2008

Table 5.3  USDA-ARS 
funding for aflatoxin research 
1982–2006



C. T. Allen120

isolates of the fungus (Cotty 1994), a competitive, atoxigenic line was selected—
AF36. It could be produced simply on wheat seed, was stable in storage, was stable 
when applied to fields and could remain dormant until conditions became conducive 
for growth of the fungus. It was easy to use and easy to transport (Cotty et al. 2007). 
When applied to fields contaminated with toxigenic strains of the fungus, relatively 
small quantities of atoxigenic strains were found to shift the composition of A. fla-
vus communities without increasing either the quantity of the fungus on the crop 
or the amount of the crop infected. A single application of 11.1 kg/ha (10 lbs./acre) 
of colonized wheat seed can produce significant shifts in A. flavus communities. A 
single application has been demonstrated to change A. flavus from 1–2 % atoxigenic 
strains to 80 % atoxigenic strains (Cotty et al. 2007). K-49, another atoxigenic A. 
flavus strain isolated from corn kernels in Mississippi, has been shown to reduce 
aflatoxin contamination of crops by 67–94 % (Abbas et al. 2006). Aflagard®, a third 
atoxigenic A. flavus strain, developed and labeled through research funding by the 
National Peanut Research Center has shown positive results as well (Dorner 2004).

AF36 was first registered for use in the U.S.A. through an Experimental Use 
Permit in 1996. It received EPA Section 3 Federal Registration for use in Texas and 
Arizona in 2003 and was labeled for use in California in 2004 (Cotty et al. 2007).
It was soon discovered that AF36 treatment could positively impact ratios of atoxi-
genic to aflatoxin producing A. flavus strains for multiple years. Evidence suggests 
that inoculation of fields with multiple atoxigenic strains can lead to more complex 
and stable fungal communities and provide resistance to re-establishment of strains 
capable of producing aflatoxins.

Timing the application of atoxigenic strains to coincide with conditions that fa-
vor fungal establishment is an important component in suppressing aflatoxin de-
velopment in crops. Use of atoxigenic strains of A. flavus  is an effective tactic for 
reducing aflatoxin production in peanut, corn and cotton (Degola et al. 2011).

Public sector development and ownership of atoxigenic A. flavus lines has helped 
assure that the technology will continue to be available to farmers at a reasonable 
cost (Cotty et al. 2007). Because of the long term and area-wide effects of the atoxi-
genic strain technology (Cotty et al. 2007) and its current use by southern corn 
farmers throughout affected corn-producing regions, the use of atoxigenic fungi to 
competitively displace toxigenic strains is another example of a preventative, area-
wide IPM tactic.

Corn lines have been discovered which have resistance to A. flavus infection 
(Warner et al. 1992; Campbell and White 1995; Scott and Zummo 1998). However, 
their poor agronomic quality has rendered them of little commercial value (Brown 
et al. 1999). Two resistant lines have been released by USDA-ARS in cooperation 
with the Mississippi Agricultural and Forestry Experiment Station as sources of 
resistance to aflatoxin in corn breeding programs. In field tests they have been reli-
able sources of high levels of resistance (Williams and Windham 2012). Genetic 
and molecular analysis and mapping suggest multiple mechanisms are involved in 
the aflatoxin defense systems (Kelley et al. 2012). Work to characterize the proteins 
which confer resistance (Baker et al. 2009; Brown et al. 2010) and development of 
markers to facilitate transfer of the genes coding for them (Brown et al. 2010) is 
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on-going. Resistance-associated proteins in A. flavus resistant plants are expected 
to contribute to the development of aflatoxin-resistant corn lines and aid in the de-
velopment of other A. flavus resistant crops (Brown et al. 2010).

Currently, cultural practices and biocontrol (use of competitive atoxigenic fungal 
strains) are reducing the levels of aflatoxin contamination in previously affected 
crops. The effort to develop elite, aflatoxin-resistant cultivars is expected to add 
to the suite of tactics that can be integrated into aflatoxin management programs.
Resistant cultivars are eventually expected to further reduce aflatoxin contamina-
tion of crops in the southern U.S.A. The currently available tactics and those under 
development for reducing aflatoxin contamination are preventative. Growers have 
adopted the available tactics for aflatoxin prevention on an areawide basis and it 
is expected that they will adopt aflatoxin resistant cultivars on an areawide basis 
as well.

5.6.3.2  Verticillium Wilt

Verticillium wilt, caused by the fungus Verticillium dahlia, is a destructive disease 
that damages cotton plantings in irrigated and high rainfall regions of the South. 
V. dahlia is a soil-borne pathogen which causes damage to the plant vascular sys-
tem resulting in plant wilting, defoliation and crop yield and quality losses (Wang 
et al. 2008). Some 1.5 million bales of cotton are lost annually to the disease (Bell 
1992). While tolerance to the disease is available in certain commercially available 
cultivars (Cano-Rios and Davis 1981; Wheeler and Woodward 2011), high levels 
of resistance to the fungus is known in Sea Island and Pima S-7 cultivars (Wang 
et al. 2008; Bolek et al. 2005). Genetic and molecular techniques are being used to 
map and isolate the genes conferring resistance to reduce verticillium wilt either 
through conventional breeding or transgenic techniques (Bolek et al. 2005; Wang 
et al. 2008). As with aflatoxin resistance, cultivars with high levels of verticillium 
wilt resistance are eventually expected to greatly reduce damage from this disease. 
Tolerant cotton varieties are currently being used preventatively and resistant varie-
ties are expected to be used in a similar manner when they become available. Cur-
rently in cotton growing areas affected with verticillium wilt, varieties conferring 
tolerance are used on an area-wide basis. When resistant varieties become available, 
it is expected that they too will be used area-wide.

5.6.3.3  Cotton Root Rot

Cotton root rot, caused by the fungus Phymatotrichopsis omnivorum, is another 
important disease of cotton in the South. This soil-borne pathogen causes plant 
vascular damage, premature defoliation and loss of yield and quality on certain al-
kaline soils in Texas, other southwestern states and Mexico. Some 1.5 million acres 
(648,000 hectares) of cotton in Texas are affected annually and, in spite of farmers’ 
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use of crop rotation and other cultural practices, losses are estimated at $29 million 
per year in Texas (G. D. Morgan. 2011. Unpublished Report, p. 5).

In 2009 field fungicide screening trials conducted by Texas A&M AgriLife Ex-
tension Service identified an effective fungicide treatment, flutriafol (Isakeit et al. 
2012). Field tests were conducted to determine appropriate application methods and 
use rates. The fungicide effectively controls cotton root rot when it is applied to the 
soil, near the seed at planting. A Section 18 Emergency Exemption label allowed 
use of the product on of some 275,000 acres (111,000 hectares) of cotton in Texas 
in 2012. For the first time in 150 years, Texas cotton farmers have an effective, 
preventative treatment for managing destructive cotton root rot in cotton fields. The 
development of flutriafol for cotton root rot control by public sector plant protection 
specialists has resulted in area-wide use of the technology in root rot prone areas. 
Public sector plant protection specialists are working to develop the techniques and 
information to allow use of the product on other root rot prone crops such as grapes 
and tree fruits in the southern U.S.A.

5.6.4  Herbicide Tolerant Crops

The era of weed management with synthetic herbicides began with the introduction 
of 2,4-D in the early 1950s and herbicide use increased rapidly through the 1960s 
(Timmons 2005). Herbicide treated farm land in the increased from 30 million ha (90 
million acres) in 1962 to 87 million ha (215 million acres) by the mid-2000s (Tim-
mons 2005; Gianessi and Reigner 2007). The combination of herbicides and tillage 
made it possible for farmers to control weeds that were not previously controlled by 
tillage alone. Concerns about the possibility of herbicide resistance were first real-
ized when common groundsel became resistant to triazine herbicides in Washington 
state in 1968 (Ryan 1970; Ross and Lambi 1999; Hager and Sprague 2000).

Prior to the introduction of herbicide tolerant crops, weed control strategies in-
cluded a pre-plant-incorporated (PPI) or pre-emergence (PRE) herbicide or both to 
prevent weed germination and establishment. These applications were followed by 
post-emergence (POST) or post-directed (PDS) treatments to control weeds grow-
ing after crop emergence (Price et al. 2011). Use of these systems required a com-
paratively higher level of knowledge and skill than has been required since the 
advent of herbicide tolerant crops (HTCs). Before HTCs, farmers had to carefully 
select among a range of herbicide active ingredients and carefully manage herbi-
cide application rates and timing. In addition, they had to integrate chemical and 
non-chemical practices to control weeds without damaging the crop (Mortensen 
et al. 2012). Prior to the release of glyphosate resistant soybeans, weed control in 
soybeans was typically a two pass system that utilized a PRE herbicide for grass and 
limited broadleaf weed control followed by a selective POST herbicide application 
(Price et al. 2011). Nonselective herbicides such as glyphosate were rarely used for 
weed control after crop emergence (Duke 2011).
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Since its commercial introduction in 1974, glyphosate has become the dominant 
herbicide worldwide. It is a highly effective, broad-spectrum herbicide, yet it is 
toxicologically and environmentally safe. It is relatively slow acting and translo-
cates well, allowing it to be transported through plants before transport systems are 
affected. Glyphosate is the only herbicide that targets the 5-enolpyruvylshikimate-
3-phosphate synthase (EPSPS) enzyme required for production of aromatic amino 
acids (Duke and Powles 2008; Schönbrunn et al. 2001). It is considered the world’s 
most important herbicide (Powles 2008). Until recently there were relatively few 
reports of weedy plant species which had evolved resistance to glyphosate (Powles 
2008). In the 1990s Monsanto considered there was very low risk of the evolution 
of glyphosate resistant weeds (Bradshaw et al. 1997; Owen 2011).

In 1996, glyphosate-resistant (GR) soybeans were commercially introduced, 
soon followed by the introduction of GR cotton and corn cultivars (Young 2006; 
Webster and Nichols 2012). All three glyphosate resistant crops (GRCs) were very 
popular and widely adopted because of the utility, reliability and ease of application 
of broad-spectrum glyphosate (Duke and Powles 2008). The low perceived threat 
of weed resistance to glyphosate was the rationale for release of the technology 
without an integrated weed management (IWM) plan to reduce selection pressure 
on glyphosate and delay resistance development. IWM requirements were not man-
dated or generally promoted by weed scientists (Bonny 2011). Resistance manage-
ment practices were not viewed as being economical and were not readily used 
by farmers (Webster and Sosnoskie 2010). Two factors were cited by farmers as 
reasons they did not adopt IWM practices to manage weed resistance to glyphosate. 
They believed resistance management practices would be futile and they believed 
new technologies would be developed to solve resistance problems (Webster and 
Sosnoskie 2010). Even with the higher cost of GRC seed, the technology simplified 
and generally lowered the costs associated with weed management (Duke 2011). 
Farmer use of GR cotton in the U.S.A. grew to over 70 % of the total farmland 
planted to cotton in less than ten years (Price et al. 2011).

One immediate effect of widespread farmer adoption of GRCs was a significant 
expansion in the use of glyphosate and a reduction in the use of other herbicide 
modes of action (Givens et al. 2009a).Twenty percent of the land planted to soy-
beans on U.S. farmland was treated with glyphosate in 1995. By 2006, 96 % of U.S. 
soybeans received glyphosate treatments (Bonny 2011). Use of other herbicides 
declined. Imazethapyr was used on 44 % of U.S. soybeans in 1995, but on only 
three percent of U.S. soybean plantings by 2006 (Bonny 2011). The US patent for 
glyphosate expired in 2000. Afterward, generic glyphosate was marketed, competi-
tion was fierce and glyphosate became significantly less expensive (Bonny 2011). 
Chemical/seed companies increasingly consolidated and it became more difficult 
for farmers to find high-yielding varieties/hybrids which did not include transgenic 
herbicide-resistant traits (Mortensen et al. 2012). The increasing use of glyphosate 
in U.S. agriculture is shown in Table 5.4.

Expansion of conservation tillage was one of the significant benefits of the avail-
ability of GRCs and cheap, effective glyphosate. Glyphosate’s broad spectrum of 
activity gave growers the capacity and confidence to eliminate primary tillage and 
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cultivation as weed management tools (Givens et al. 2009b). Their ability to use 
glyphosate in POST applications to control weeds in GRCs facilitated extensive 
adoption of conservation tillage in several crops, but especially in cotton. By 2000, 
more than 44 million ha (109 million acres) of US cropland had been converted 
to conservation tillage (Sandretto 2001). Price et al. (2011) reported 46 million ha 
(114 million acres) of farmland in the USA were farmed using conservation tillage 
by 2010.

Conservation tillage has been thought of primarily as a method of reducing soil 
erosion by wind and water (Le Bissonnais 1990; Baumhardt and Lascano 1996; 
Truman et al. 2005). However, there are many other benefits including: increased 
organic matter at the soil surface (Rasmussen and Collins 1991; Reeves 1994, 1997; 
Truman et al. 2003), increased diversity and numbers of soil organisms (Kemper 
and Derpsch 1981; Rasmussen and Collins 1991; Bruce et al. 1992; Heisler 1998; 
Lupwayi et al. 2001; Kladivko 2001; Holland 2002; Riley et al. 2005; Brévault 
et al. 2007), reduced runoff (Reeves 1994, 1997; Truman et al. 2003; Banerjee et al. 
2009), improved water infiltration (Kemper and Derpsch 1981; Bruce et al. 1992; 
Truman et al. 2003; Banerjee et al. 2009), improved soil surface sediment, improved 
soil aggregate stability, reduced soil crust formation (Bruce et al. 1992; Banerjee 
et al. 2009), reduced chemical runoff (Banerjee et al. 2009), improved water avail-
ability and water holding capacity (Hudson 1994; Reeves 1994, 1997; Kaspar et al. 
2001), improved biological control of insect pests (Stinner and House 1990; Ham-
mond and Stinner 1999; Kromp 1999), increased carbon sequestration (Baker and 
Saxton 2007) and reduced carbon emissions (Brookes and Barfoot 2006). Because 
of the numerous benefits of conservation tillage, it is a fundamental component of 
agricultural sustainability (Price et al. 2011).

Conservation tillage generally produces greater economic returns and lower 
production costs compared with conventional systems (Raper et al. 1994; Smart 
and Bradford 1999). Some of the savings are in lower fuel costs, reduced labor 
costs, and lower machinery inputs (Lithourgidis et al. 2006). In southern U.S. cot-
ton production, the costs of no-till and strip tillage systems were lower than or 
equal to conventional tillage systems (Schwab et al. 2002). Yields of no-till corn 
and soybean tended to be greater in conservation tillage than in conventional tillage 
in the south and west regions of the U.S.A., but similar in the central U.S.A. In the 
northern U.S.A. and Canada, no-till systems produced lower yields (DeFelice et al. 
2006). Economic analyses indicate that conservation tillage systems are not riskier 
than conventional tillage systems, even in the short term (Baker and Saxton 2007).

Year Agricultural Use of Glyphosate (metric tons)
1987  2.9
1997 14.8
1999 29.0
2003 53.5
2007 75.3
Sources: Aspelin and Grube 1999; Donaldson et al. 2002; 
Kiely et al. 2004; Grube et al. 2011

Table 5.4  Tons of glyphosate 
used in US agriculture



5 Integrated Pest Management in the Southern United States of America 125

The high level of grower adoption of available GRCs and their reliance on 
glyphosate alone or with very limited use of alternative weed control practices re-
sulted in high selection pressure on weeds to evolve resistance to glyphosate and led 
to the development of highly problematic, glyphosate-resistant weeds (Duke 2011; 
Bonny 2011). In southern cotton-growing states, the most serious glyphosate-resist-
ant weed threat is from Palmer amaranth, Amaranthus palmeri (Heap 2007; Culpep-
per et al. 2006; Culpepper et al. 2007). Since the first confirmed case of glyphosate 
resistant Palmer amaranth in Georgia in 2005, resistant biotypes have been reported 
in Alabama, Arkansas, Florida, Louisiana, Mississippi, North Carolina, South Caro-
lina, Tennessee and Texas (Culpepper et al. 2006; Norsworthy et al. 2008; Steckel 
et al. 2008; Nichols et al. 2009; Dotray et al. 2012). In addition, glyphosate resistant 
populations of common waterhemp, Amaranthus rudis, are present in several south-
ern states (Light et al. 2010). As of 2009, glyphosate resistant Amaranthus species 
infested 1.2 million hectares (3 million acres) of farmland in the U.S.A. (Heap 2009; 
Light et al. 2010). Along with resistant Amaranthus sp., glyphosate resistant popu-
lations of Italian ryegrass, Lolium multiflorum, have been identified in Mississippi, 
Louisiana, Arkansas, and North Carolina (Bond et al. 2012); glyphosate resistant 
populations of horseweed, Conyza canadensis, occur in many southern states. The 
problem of glyphosate resistant weeds became severe enough in 2010 to motivate 
hearings in the U.S. Congress to assess whether additional government oversight 
was needed to address the problem of herbicide resistant weeds (US House Com-
mittee on Oversight and Government Reform 2010).

In the wake of grower overuse of glyphosate on GRCs, extension and research 
weed scientists are working to promote broad-based, multi-tactic IWM systems for 
weed management (Mortensen et al. 2012; Bonny 2011; Harrington et al. 2009). 
They advocate increased research, alternating herbicide modes of action, alternat-
ing crops, use of cover crops and judicious use of tillage (Culpepper et al. 2010; 
Culpepper et al. 2011; DeVore et al. 2011; Price et al. 2011; Mortensen et al. 2012). 
Southern farmers are increasingly using residual PRE herbicides (Steckel 2012). 
The chemical/seed industry response is to develop and release crops resistant to 
multiple broad-spectrum herbicides (Carpenter and Gianessi 2010; Feng et al. 
2010; Green and Owen 2011; Adler 2011; Duke and Powles 2008; Gerwick 2010; 
Mortensen et al. 2012). However, the herbicide resistant crops being developed 
and released are tolerant to herbicides with modes of action that have been used 
for decades (Duke 2011). In order to achieve more sustainable systems, farmers 
must reduce selection pressure on any single control tactic or herbicide through use 
of multiple tactics. As a part of this strategy they must utilize herbicide programs 
which rely on products with different modes of action (Powles 2008; Duke and 
Powles 2009; Dotray et al. 2012; Mortensen et al. 2012).

GR weeds demonstrate the vulnerability of widely-used systems that are de-
pendent on a single weed control technology. That critical fault now threatens the 
sustainability of conservation tillage (Culpepper et al. 2006; Price et al. 2011). De-
clining farmland in conservation tillage is inevitable unless integrated, effective 
weed control strategies which include crop and herbicide rotation, and use of cover 
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crops are quickly developed and deployed (Price et al. 2011). GR weeds are making 
tillage more desirable as an additional management tool in weed control systems 
which utilize herbicide-resistant crops (Duke and Powles 2008).

In spite of the “as-needed” nature of foliar glyphosate use on GRCs, the pre-plant 
decision to plant a GRC, their widespread use, and the intensive use of glyphosate 
on GRCs have many of the characteristics of area-wide, and preventative pest man-
agement approaches (Duke 2011; Price et al. 2011). Rapid adoption by American 
farmers of conservation tillage—primarily due to the availability of the effective 
GRC/glyphosate weed management system—demonstrates the increasingly area-
wide nature of modern farming systems (Powles 2008; Price et al. 2011; Bonny 
2011; Webster and Nichols 2012).

5.7  World Agricultural Challenges and Status

5.7.1  Challenges—World Population Growth

Earth’s human population reached 7 billion persons in 2011 (James 2011). There 
is an urgent need to increase the world food and fiber supply as the population is 
projected to increase by one billion people every 10–12 years through 2050 (Kang 
2005). By the mid- 21st Century, farmers will be challenged to feed and clothe 
another 4 billion people. The future security of the food supply will depend on sci-
ence developing technology and IPM practitioners integrating it intelligently into 
production systems which maximize its effectiveness and longevity. The resulting 
integrated, multi-tactic systems will enable crop producers to grow crops efficiently 
and sustainably (Christou et al. 2006). Multi-disciplinary systems approaches will 
be needed (Kang 2005) and local IPM practitioners to aid farmers in adoption of the 
best IPM tactics for their farms will be essential. Teams of agricultural specialists 
will be critically important in helping farmers to meet the increasing needs of the 
human population while minimizing environmental degradation.

5.7.2  Current Status—Genetically Modified Crops

For the U.S., 2012 was the 17th year of commercialization of genetically modified 
crops. Worldwide, biotech crops were planted on 160 million hectares in 2011, up 
12 million hectares (8 %) from 2010. Worldwide, adoption of the technology had 
increased from 1.7 million hectares in 1996 to 160 million hectares in 2011, making 
genetically modified crops the most quickly adopted crop technology in the history 
of modern agriculture (James 2011).

Global economic gains at the farm level of approximately US$78 billion were 
generated by genetically modified crops during the last fifteen years. Forty percent 
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of these gains were from reduced production costs (reduced pesticide use, less la-
bor, less tillage) and 60 % from yield gains (276 million tons) (James 2011).

From the environmental perspective, by 2010, worldwide reductions in fossil 
fuel and pesticide use because of widespread adoption of genetically modified crops 
resulted in a 1.7 billion kg reduction of CO2 emissions. In addition, increased use of 
conservation tillage led to an additional 17.6 billion kg of CO2 sequestered by the 
soil by 2010 (James 2011; Brookes and Barfoot 2012).

5.7.3  Changes in IPM Systems

During the first 50 years of IPM, tactics were predominantly applied at the indi-
vidual field level (Brewer and Goodell 2012). Field-based IPM was effective in 
encouraging IPM adoption, improving pest management and minimizing adverse 
environmental effects associated with pesticide use. The adoption of ecologically-
based cultural practices, biological control, pest scouting and economic thresholds 
brought about reduced pesticide use, lower risks to human health and less environ-
mental pollution (Harris 2001; Smith et al. 2002; Benedict and Ring 2004; Brewer 
and Goodell 2012).

Evolution of IPM systems has occurred since the early 1960s. Ecologically-
based systems with as-needed insecticide applications based on scouting and eco-
nomic thresholds have evolved to increasingly preventative systems implemented 
on a field-by-field basis. These field-based systems have been adopted on such a 
wide scale that they have, in effect, become area-wide IPM systems. The successes 
of boll weevil and pink bollworm eradication programs (Personal communication, 
L. E. Smith, 2012; Allen 2008) and the adoption of pest/herbicide resistant crops 
have had large, area-wide impacts and have dramatically changed IPM in field 
crops. Other authors have recognized widely adopted Bt technology as area-wide 
IPM (Carrière et al. 2003; Adamczyk and Hubbard 2006; Naranjo 2011; Hutchison 
et al. 2010). Other tactics such as the use of seed treatments, disease resistant varie-
ties, atoxigenic A. flavus strains for biological control of aflatoxins, etc. exemplify 
the continuing evolution of agriculture in the U.S.A. in the direction of preventa-
tive and area-wide IPM systems. Weed control systems also have elements of area-
wide impacts due to area-wide planting of GRC seed and areawide, repeated use of 
glyphosate (Duke 2011; Price et al. 2011). And, widespread adoption of transgenic 
weed control technology has supported area-wide adoption of conservation tillage 
practices (Powles 2008; Price et al. 2011; Bonny 2011; Webster and Nichols 2012).

Time savings have been one of the benefits of farmer adoption of transgenic, 
herbicide tolerant crops on their farms (Bonny 2011). Many southern farmers have 
invested the time they save by farming GRCs into increasing the land they farmed. 
Farms across the region have expanded, farmers have parked or sold plows and the 
large tractors used to pull them, and invested in large, efficient sprayers.
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5.7.4  Impact of Changing IPM Systems on Infrastructure 
Supporting Crop Production

The author’s initial notion that the IPM infrastructure supporting agricultural pro-
ducers had changed significantly, was the result of considerations of the changes 
which have occurred in the Lower Rio Grande Valley (LRGV) of Texas. The area 
is convenient for study because it is relatively small (3 counties) and is isolated 
from other production regions. The author collaborated in this case-study with John 
Norman, IPM Agent-retired and current crop consultant with 37 years’ experience 
in IPM in the LRGV (Personal communication, J. Norman 2012). The case study 
compared resources available to growers in 1980 to those available in 2012. In 
1980 the Texas Agricultural Research and Extension Center and the USDA Kika 
de la Garza Subtropical Research Center were fully staffed and conducting exten-
sive agricultural research and extension programming including significant work 
related to IPM. In 2012, the USDA facility was closed and the land grant Research 
and Extension Center is operating at reduced strength. In 1980 there were 35–40 
local chemical/seed company field men scouting crops and assisting producers—in 
2012 there were 12. In 1980 there were about 18 crop consultants working in the 
LRGV—in 2012 there were five. In 1980 there were thirty or more aerial spraying 
services—in 2012 there were five.

The LRGV case-study suggested that the infrastructure supporting farmers had 
significantly diminished over the last 30 years. It was the basis for the hypothesis 
that the change from major-pest driven, field-specific IPM to increasingly preventa-
tive, area-wide IPM has led to a decrease in the resources supporting field-specific 
IPM across the southern U.S.A.

Information on the numbers of crop consultants was obtained though state regu-
latory agency licensing records. Data were available for Louisiana and Arkansas. 
For Louisiana, records of licensed agricultural consultants were available from 
2005 to 2011 (CPARD 2012). In 2005 there were 282 licensed consultants in Loui-
siana and by 2011 there were 183—a 35 % reduction. In Arkansas, similar records 
were available from the Arkansas State Plant Board (2012). There were 343 li-
censed agricultural consultants in Arkansas in 2006, and 248 licensed consultants 
by 2012—a reduction of 28 %. The author conducted a survey of southern state 
extension entomologists in September of 2012. Twenty-eight surveys were sent 
and 15 were returned. Forty-seven percent of the respondents indicated that fewer 
consultants were working in their area or state compared with five years ago while 
53 % said the number of consultants in their area or state had not changed. None of 
the respondents indicated that the number of consultants had increased. Averaged 
across respondents, the number of consultants reported had decreased nine percent 
in the last five years.

The 2012 CPARD database, a repository of pesticide applicator information from 
states in the U.S.A., was used to answer the question, “Have crop production system 
changes affected numbers of licensed commercial pesticide applicators?” Data for 
Alabama, Arkansas, Florida, Georgia, Louisiana, Missouri, North Carolina, Okla-
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homa, South Carolina, Tennessee, Texas and Virginia were available for the period 
2005–2011. In 2005 there were 14,703 registered commercial applicators operat-
ing in those states. By 2011 there were 13,684—a reduction of 6.9 % in six years 
(CPARD 2012). Texas data, provided by Texas Department of Agriculture (2012) 
provided a comparison over a longer window of time. In 2000 there were 2,482 
licensed applicators in the crop protection category. In 2011 there were 1,745—a 
30 % reduction during eleven years (Texas Department of Agriculture 2012).

Florida, Georgia, Louisiana, South Carolina, Tennessee, Texas and Virginia have 
separate licensing categories for commercial aerial applicators. There were 1,588 
aerial applicators licensed in these states in 2005. By 2011 there were 1,413—an 
11% reduction in six years (CPARD 2012). Texas Department of Agriculture (2012) 
records from 2000 to 2011 showed 746 commercial aerial applicators in 2000, and 
543 licensed aerial applicators in 2011—a 27 % reduction in eleven years. The 2012 
extension survey was further indicative of changes in numbers aerial applicators. 
Forty-seven percent of respondents indicated there were fewer aerial applicators 
compared with five years ago. Fifty-three percent said the numbers of aerial ap-
plicators was unchanged over the last five years. None of the respondents indicated 
that the number of aerial applicators had increased. The average of survey respond-
ents’ estimates indicated an 11 % reduction in aerial applicators in the last five years.

Extension resources supporting growers are also on the decline. Extension sur-
vey respondents unanimously reported that there were fewer extension personnel 
working on cotton now compared with five years ago. The average reduction in 
personnel reported in the 2012 survey was 33 % over the last five years. In Texas, 
the number of IPM Agents and Extension Entomologists has decreased 45 % during 
the last 20 years (Personal communication, J. Thomas 2012).

5.8  The Future—Challenges and Consequences

The sustainability of the highly successful technologies which have delivered the 
impressive benefits documented in this chapter (and many others which were not 
discussed) is dependent on our ability to use technologies wisely. History has re-
peatedly demonstrated our ability to develop powerful pest protection technologies, 
adopt them rapidly and use them exclusively with remarkable impacts on pests 
and farm economies. And, history has repeatedly documented our over-use of new 
technologies, followed by resistance and other problems within a few years. Again 
and again we have underestimated the impact of selection pressure on pests. In our 
enthusiasm to embrace the new technology, we have often failed to integrate other 
management practices which might have been used to reduce selection pressure, 
shortening the effective life of valuable technologies. Failure to integrate tactics 
has prevented us from developing sustainable systems consisting of broad suites of 
tactics which would reduce selection pressure on any single tactic. The number of 
technologies man can exploit to manage pests is limited. We can ill afford to con-
tinue to overuse them and, in so doing, strongly select for pests which can survive 
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them—resulting in pest resistance and premature failure of the technology. Well 
trained, and effective public sector plant protection specialists are sorely needed to 
work with and educate farmers about the importance of using integrated tactics for 
managing pests.

The recent failure of systems involving GRCs has forced farmers to partially or 
completely revert to crop management systems that were in place prior to the intro-
duction of genetically modified crops in 1996. Use of residual herbicides and tillage 
are on the increase in resistant weed-affected areas of the South. As a result, growers 
and society stand to lose many of the benefits of conservation tillage. Growers who 
expanded their farms based on the effectiveness of GRC-based systems and the time 
savings they have provided may find that they must now farm less land. They may 
have to reinvest in large tractors and plows and are likely to face economic losses.

The failure of transgenic insect resistant crop technology may have even more 
dire consequences. The human and equipment resources which would be needed 
to allow growers to revert to the field-specific pest management systems in use 
prior to the introduction of genetically modified crops are not available. Gone are 
the days when farmers had sufficient numbers of consultants, extension person-
nel, pesticide applicators –both aerial and ground—aircraft and other resources to 
conduct the field-specific IPM in the manner it was conducted prior to 1996. Col-
leges are no longer training sufficient numbers of students in field-specific IPM. 
Academic departments with crop protection emphasis have evolved and now em-
phasize molecular and genetic approaches to IPM. Several years would be needed 
for colleges to hire faculty with field-specific IPM experience and skills, and begin 
to train the numbers of students needed by farmers to enable them to transition back 
to field-specific IPM as it was conducted prior to 1996. In the meantime, losses 
would mount and the preventative use of foliar insecticides would increase. As has 
happened with the development of glyphosate resistant weeds—economic, human 
health and environmental costs would escalate. In the absence sufficient numbers 
of crop protection specialists, and with high commodity prices associated with the 
increased demand stimulated by a growing world population; the likely farmer re-
sponse would be to revert to weekly foliar insecticide applications to protect their 
valuable crops from damaging insect pests. Under this scenario, pest management 
systems would revert to the preventative spray technology of the 1940s and 1950s, 
and—reminiscent of the current conservation tillage situation—the advances of the 
last 60 years would be lost. Under this scenario, agricultural production may be-
come stagnant.

Since the boll weevil crossed the Rio Grande, public sector research and exten-
sion scientists with USDA and land grant universities have led the way—develop-
ing and testing new pest control technologies and educating farmers. Extension 
agents and specialists have guided farmers in the adoption of new management 
strategies and integrated technologies to help them be successful. Eradication pro-
grams, and transgenic and other technologies have greatly improved agriculture, 
but much more remains to be done. Highly effective, single tactic IPM technolo-
gies have produced great benefits for American agriculture and the public but are 
unsustainable if they are not integrated broadly in systems to reduce selection pres-
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sure on pests. Use of diverse pest management tactics—which include ecological-
ly-based IPM and resistance management strategies—are critical to the long-term 
stewardship of transgenic and other preventative, area-wide technologies. Integra-
tion of components and concepts into effective IPM programs has been historically 
achieved at the local (county) level by public sector research and extension person-
nel. Multiple tactic integrated systems of this kind are rarely developed or promoted 
by the chemical/seed industry because they do not produce corporate profits in the 
short term. And, they are not often conceived of or deployed initially by consult-
ants whose focus is managing pests in farmer’s fields on a week to week basis. The 
work of development, testing and deployment of integrated IPM systems is most 
often accomplished by public sector agricultural professionals. Without integration 
of technologies into multi-tactic IPM systems, transgenic and other areawide tech-
nologies can be expected to fail within a few years.

Public sector agricultural research and extension work -developing and demon-
strating IPM and other farming technologies, and providing farmers with the op-
portunities to learn from unbiased information sources is critically important at this 
point in history. The growing human population, risks of pest resistance, and dimin-
ished private sector infrastructure supporting farmers highlight the need for highly 
efficient crop production systems and increased support for farmers. Numbers of 
private consultants are driven by grower demand, but government can and should 
rebuild public sector crop production and crop protection capabilities within USDA 
and the land grant universities. American agriculture must be highly efficient if it 
is to keep pace with the world’s increasing demands. It is doubtful that American 
farmers can achieve and maintain this level of efficiency without robust research 
and extension programs. The need for public sector research and extension is as 
great now as at any time in the past—and funding for these critical services has not 
kept pace.

American agriculture is held in high regard world-wide. Without strong research 
and extension programs, our ability to produce at present levels and increase pro-
duction to provide for the billions of people expected in a few short years is in 
jeopardy. Change—pest resistance, new and improved technologies, etc.—must be 
expected. Outstanding technologies, promoted and adopted with a short-term profit 
perspective will quickly fail. Without government investment in research and exten-
sion programs (USDA and land grant universities) the balanced, unbiased, public-
sector voice will become increasingly silent, to the peril of American and southern 
farmers, and the world’s ever-growing human population.

References

Abbas, H. K., Williams, W. P., Windham, G. L., Pringle, H. C. III, Xie, W., & Shier, W. T. (2002). 
Aflatoxin and fumonisin contamination of commercial corn (Zea mays) hybrids in Mississippi. 
Journal of Agricultural and Food Chemistry, 50, 5246–5254.



C. T. Allen132

Abbas, H. K., Cartwright, R. D., Xie, W., & Shier, W. T. (2006). Aflatoxin and fumonosin contami-
nation of corn (maize, Zea mays) hybrids in Arkansas. Crop Protection, 25, 1–9.

Abbas, H. K., Shier, W. T., & Cartwright, R. (2007). Effect of temperature, rainfall and planting 
date on aflatoxin and fumonosin contamination in commercial Bt and non-bt corn hybrids in 
Arkansas. Phytoprotection, 88, 41–50.

Adamczyk, J. J., & Hubbard, D. (2006). Changes in populations of Heliothis virescens (F.) (Lepi-
doptera: Noctuidae) and Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae) in the Mississippi 
delta from 1986–2005 as indicated by adult male pheromone traps. Journal of Cotton Science, 
10, 155–160.

Adkisson, P. L. (1969). How insects damage crops. How crops grow a century later. The Connecti-
cut Agricultural Experiment Station Bulletin, 708, 155–164.

Adkisson, P. L. (1971). Objective uses of insecticides in agriculture. In J. E. Swift (Ed.), Proceed-
ings of a symposium on agricultural chemistry—Harmony or discord for food, people and the 
environment (pp. 110–120). University of California Division of Agricultural Science.

Adkisson, P. L. (1972). Use of cultural practices in pest management. Implementing Practical 
Pest Management Strategies—Proceedings of the National Extension Insect Pest Management 
Workshop (pp. 37–50). Purdue University, March 14–16, 1972.

Adkisson, P. L., Niles, G. A., Walker, J. K., Bird, L. S., & Scott, H. B. (1982). Controlling cotton’s 
insect pests: A new system. Science, 216, 19–22.

Adkisson, P. L., Frisbie, R. E., & Thomas, J. G. (1985). Impact of IPM on several major crops of the 
United States. In R. E. Frisbie & P. E. Adkisson (Eds.), CIPM—Integrated pest management on 
major agricultural systems, Texas Agricultural Experiment Station MP-1616, (pp. 663–672).

Adler, J. (2011). The growing menace from superweeds. Scientific American, 304, 58–63.
Ali, M. I., Luttrell, R. G., & Young, S. Y. III (2006). Susceptibilities of Helicoverpa zea and Helio-

this virescens (Lepidoptera: Noctuidae) populations to Cry 1Ac insecticidal protein. Journal of 
Economic Entomology, 99, 164–175.

Akin, D. S., Toews, M., Roberts, P., Bacheler, J. Cachot, A. L., Reed, J., Cook, D., Gore, J., Greene, 
J., Herbert, A., Jackson, R. E., Allen, K. C., Kerns, D. L., Leonard, B. R., Lorenz, G. M., III, 
Micinski, S., Reisnig, D., Stewart, S. D., Studebaker, G. E., & Tindall, K. (2011). Evaluation of 
automatic insecticide applications following preventative insecticide applications for thrips. In 
S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference 
(pp. 1086–1092). Memphis: National Cotton Council.

Akin, D. S., Howard, J. E., Lorenz, G. M., III, Studebaker, G. E., Stewart, S. D., Cook, D., Gore, 
J., Cachot, A. L., Leonard, B. R., Micinski, S., Tindall, K., Kerns, D. L., Jackson, R. E., Toews, 
M., Roberts, P., Bacheler, J., Reisnig, D., & Greene, J. (2012). Evaluation of automatic insec-
ticide applications following preventative insecticide applications for thrips. In S. Boyd, M. 
Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference (pp. 1102–
1106). Memphis: National Cotton Council.

Allen, C. T. (1995). Budworm/bollworm management—southwest. In D. A. Richter & J. Armour 
(Eds.), Proceedings of the beltwide cotton conference (pp. 145–152). Memphis: National Cot-
ton Council.

Allen, C. T. (2008). Boll weevil eradication: An areawide pest management effort. In O. Koul, 
G. Cuperis, & N. Elliott (Eds.), Areawide pest management: Theory and implementation 
(pp. 467–559). Wallingford: CAB International.

Allen, C. T., Multer, W. L., Minzenmayer, R. R., & Armstrong, J. S. (1987). Development of pyre-
throid resistance in Heliothis populations in Texas. In J. M. Brown & T. C. Nelson (Eds.), Pro-
ceedings of the beltwide cotton conference (pp. 332–335). Memphis: National Cotton Council.

Allen, C. T., Multer, W. L., & Lucero, V. (1990). Seasonal changes in cotton aphid susceptibility 
to insecticides in West Texas cotton. In J. M. Brown & D. A. Richter (Eds.), Proceedings of the 
beltwide cotton conference (pp. 287–290). Memphis: National Cotton Council.

Allen, T. W., English, P. J., Willars, J. L., Haygood, R. A., Hood, K. B., & Dodds, D. (2012). Site 
specific nematode management with Telone® II fumigant in Mississippi. In S. Boyd, M. Huff-



5 Integrated Pest Management in the Southern United States of America 133

man, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference (pp. 273–276). 
Memphis: National Cotton Council.

Anderson, M., Wheeler, T. A., & Woodward, J. E. (2011). 2010 Evaluation of cultivar tolerance 
and chemical management of southern root-knot nematodes. In S. Boyd, M. Huffman, & B. 
Robertson (Eds.), Proceedings of the beltwide cotton conference (pp. 175–177). Memphis: 
National Cotton Council.

Anonymous. (1850). Cotton. Report of the Commissioner of Patents for the year1849, House of 
Representatives (pp. 307–313). Washington, DC: Exec. Doc. No. 20.

Anonymous. (1877). Cotton investigation. Report of the Commissioner of Agriculture of the 
Operations of the Department for the year 1876, Government Printing Office (pp. 114–117). 
Washington, D.C.

Anonymous. (1911). Fighting the boll weevil by clean farming methods. USDA Farmers Bulletin 
No. 45, Experiment Station Work LXIV (pp. 11–14).

Anonymous. (1930). Georgia and her resources, yearbook of agriculture. Georgia Department of 
Agriculture Quarterly Bulletin, 117, 34–36.

Anonymous. (1993). The importance of pesticides and other pest management practices in U. S. 
cotton production. USDA National Agricultural Pesticide Impact Assessment Program, NA-
PIAP Report No. 1-CA-93, June, 1993.

Arkansas State Plant Board. (2012). Licensed applicator and consultant records. Unpublished data 
provided by  Arkansas State Plant Board from their database.

Arnold, M. D., Dever, J. K., Elkins, H. D., & Sheehan, M. A. (2010). Development of a thrips 
resistant, adapted cotton cultivar for the Texas High Plains: Screening, crossing and field trials. 
In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference 
(pp. 872–875). Memphis: National Cotton Council.

ARS. (1976). Boll Weevil Suppression, Management and Elimination. Proceedings of a confer-
ence, 13–15 Feb. 1974. Memphis. USDA-ARS. ARS-S-71, p. 172.

Aspelin, A., & Grube, A. H. (1999). Pesticide industry sales and usage: 1996 and 1997 market 
estimates. Washington, DC: US Environmental Protection Agency.

Bacheler, J. S. (1985). Pyrethroid use patterns in the U. S., as influenced by Heliothis complex spe-
cies composition and population dynamics. In J. M. Brown & T. C. Nelson (Eds.), Proceedings 
of the beltwide cotton conference (pp. 120–122). Memphis: National Cotton Council.

Bacheler, J. S., & Mott, D. W. (2003). Efficacy of Bollgard II under non-enhanced agronomic con-
ditions in North Carolina. In D. A. Richter (Ed.), Proceedings of the beltwide cotton conference 
(pp. 1011–1013). Memphis: National Cotton Council.

Baerg, W. J., Isley, D., & Sanderson, M. W. (1938). Arkansas agricultural experiment station bul-
letin, 368, 62–66.

Bagwell, R. D. (1996). Managing resistance—What can we do now? In C. P. Dugger & D. A. Rich-
ter (Eds.), Proceedings of the beltwide cotton conference (pp. 118–122). Memphis: National 
Cotton Council.

Bagwell, R. D., Tugwell, N. P., & Wall, M. L. (1991). Cotton aphid: Insecticide efficacy and an as-
sessment of its damage to the cotton plant. In C. P. Dugger & D. A. Richter (Eds.), Proceedings 
of the beltwide cotton conference (pp. 693–695). Memphis: National Cotton Council.

Bakan, B., Melcion, D., Richard-Molard, D., & Cahagnier, B. (2002). Fungal growth and Fusar-
ium micotoxin content in isogenic traditional maize and genetically modified maize grown in 
France and Spain. Journal of Agricultural and Food Chemistry, 50, 728–731.

Baker, C. J., & Saxton, K. E. (2007). The “What” and “Why” of no-tillage farming. In C. J. Baker 
& K. E. Saxton (Eds.), No-tillage seeding in conservation tillage (2nd ed.). Food and Agricul-
ture Organization of the United Nations and CAB International.

Baker, R. L., Brown, R. L., Chen, Z.-Y., Cleveland, T. E., & Fakhoury, A. M. (2009). A maize 
lectin-like protein with antifungal activity against Aspergillus flavus. Journal of Food Protec-
tion, 72, 120–127.

Banerjee, S., Martin, S. W., Roberts, R. K., Larson, J. A., Hogan, R. J., Jr., Johnson, J. L., Paxton, 
K. W., & Reeves, J. M. (2009). Adoption of conservation tillage practices and herbicide-resist-
ant seed in cotton production. AgBioForum, 12, 258–268.



C. T. Allen134

Barker, B. (2001). History of the boll weevil eradication program in Tennessee. In W. A. Dicker-
son, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), Boll 
weevil eradication in the United States through 1999 (pp. 431–450). Memphis: The Cotton 
Foundation. (Reference Book Series No. 6)

Barducci, T. D. (1972). Ecological consequences of pesticides used for the control of cotton insects 
in Canete Valley, Peru. In M. T. Farvar & J. P. Milton (Eds.), The careless technology. Ecology 
and international development (pp. 423–438). New York: Natural History Press.

Batson, W. E., Caceres, J., Cotty, P. J., & Isakeit, T. (1997). Aflatoxin levels in cottonseed at 
weekly intervals in Arizona, Mississippi and Texas modules. In C. P. Dugger & D. A. Richter 
(Eds.), Proceedings of the beltwide cotton conference (pp. 116–118). Memphis: National Cot-
ton Council

Baumhardt, R. L., & Lascano, R. J. (1996). Rain infiltration as affected by wheat residue amount 
and distribution in reduced tillage. Soil Science Society of America Journal, 60, 1908–1913.

Bell, A. A. (1992). Verticillium Wilt. In R. J. Hillocks (Ed.), Cotton diseases (pp. 87–126). Wall-
ingford, Oxon: CAB International.

Benedict, J. H., & Altman, D. W. (2001). Commercialization of transgenic cotton expressing insec-
ticidal crystal proteins. In J. Jenkins & S. Saha (Eds.), Genetic improvement of cotton: Emerg-
ing technologies (pp. 137–201). Enfield: Science Publishers, Inc.

Benedict, J. H., & Ring, D. R. (2004). Transgenic crops expressing Bt Proteins: Current status, 
challenges and outlook. In O. Koul & G. S. Dahaliwal (Eds.), Transgenic crop protection 
(pp. 15–84). Enfield: Science Publishers Inc.

Benedict, J., Fromme, D., Cosper, J., Correa, C., Odvody, G., & Parker, R. (1998). Efficacy of Bt 
corn events MON 810, Bt 11 and E176 in controlling corn earworm, fall armyworm, sugarcane 
borer and aflatoxin. Texas A & M University System, College Station. http://lubbock.tamu.edu/
ipm/AgWeb/r_and_d/1998/Roy%20Parker/Bt%20Corn/BtCorn.html.

Bennett, R. L. (1908). A method of breeding early cotton to escape boll weevil damage. USDA 
Farmers Bulletin, 134, 28.

Bottrell, R. H. (1983). Insect control and cotton yield as affected by date and timing of Pydrin® in-
secticide. In J. M. Brown (Ed.), Proceedings of the beltwide cotton conference (pp. 170–171). 
Memphis: National Cotton Council.

Bishop, F. C. (1929). The bollworm or corn earworm as a cotton pest. USDA Farmers Bulletin, 
1595, 14.

Blair, B.D. (1983). Cotton pest management: the national viewpoint. In: Brown, J.M. (ed.) Pro-
ceedings of the beltwide cotton conference (pp. 228–229). Memphis: National Cotton Council.

Blasingame, D., et al. (1999–2010). Cotton disease loss estimate committee report. Proceedings of 
the beltwide cotton conference. Memphis: National Cotton Council.

Bock, C. H., & Cotty, P. J. (1999). The effect of harvest date on aflatoxin contamination of cot-
tonseed in Arizona. Plant Disease, 83, 279–285.

Bolek, Y., E.-Zik, K. M., Pepper, A. E., Bell, A. A., Magill, C., Thaxton, P., & Reddy, O. U. K. 
(2005). Mapping of verticillium wilt resistance genes in cotton. Plant Science, 168, 1581–1590.

Bond, J., Eubank, T. W., & Bond, R. C. (2012). Residual herbicides are cornerstone of glyphosate-
resistant Italian ryegrass control. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings 
of the beltwide cotton conference (p. 1518). Memphis: National Cotton Council.

Bonny, S. (2011). Herbicide-tolerant transgenic soybean over 15 years of cultivation: Pesticide use, 
weed resistance and some economic issues: The case of the USA. Sustainability, 3, 1302–1322.

Bottrell, D. G. (1983). The ecological basis of boll weevil ( Anthonomus grandis) management. 
Agriculture, Ecosystems and Environment, 10, 247–274.

Boyd, M. L. (2001). The role of the boll weevil in Missouri’s cotton production. In W. A. Dicker-
son, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), Boll 
weevil eradication in the United States through 1999 (pp. 345–360). Memphis: The Cotton 
Foundation. (Reference Book Series No. 6)

Bradshaw, L. D., Padgette, S. R., Kimball, S. L., & Wells, B. H. (1997). Pespectives on glyphosate 
resistance. Weed Technology, 11, 189–198.



5 Integrated Pest Management in the Southern United States of America 135

Brazzel, J. R. (1959). The effect of late season insecticides on diapausing boll weevil. Journal of 
Economic Entomology, 52, 1042–1045.

Brazzel, J. R. (1962). Diapause as related to boll weevil control. In J. M. Brown (Ed.), Proceedings 
of the beltwide cotton conference (pp. 19–20). Memphis: National Cotton Council.

Brazzel, J. R. (1963). Resistance to DDT in Heliothis virecens. Journal of Economic Entomology, 
56, 571–574.

Brazzel, J. R., Davich, T. B., & Harris, L. D. (1961). A new approach to boll weevil control. Jour-
nal of Economic Entomology, 54, 723–730.

Brewer, M. J., & Goodell, P. B. (2012). Approaches and incentives to implement integrated pest 
management that addresses regional and environmental issues. Annual Review of Entomology, 
57, 41–59.

Brévault, T., Bikay, S., Maldès, J. M., & Naudin, K. (2007). Impact of a no-till with mulch soil 
management strategy on soil microfauna communities in a cotton cropping system. Soil and 
Tillage Research, 97, 140–149.

Brookes, G., & Barfoot, P. (2006). Global impact of biotech crops: Socioeconomic and environ-
mental effects in the first ten years of commercial use. AgBioForum, 9, 139–151.

Brookes, G., & Barfoot, P. (2010). Global impact of biotech crops: Environmental effects 1996–
2008. AgBioForum, 13, 76–94.

Brookes, G., & Barfoot, P. (2012) Global impact of biotech crops: Environmental effects, 1996–
2010, GM Crops 3: 2 April-June 2012, pp. 1–9. www.landesbioscience.com/journal/gmcrops.

Brown, R. L., Cotty, P. J., & Cleveland, T. E. (1991). Reduction in aflatoxin content in maize by 
atoxigenic strains of Aspergillus flavus. Journal of Food Protection, 54, 623–626.

Brown, R. L., Chen, Z.-Y., Cleveland, T. E., & Russin, J. S. (1999). Advances in the develop-
ment of host resistance to aflatoxin contamination by Aspergillus flavus. Phytopathology, 89, 
13–117.

Brown, R. L., Chen, Z.-Y., Warburton, M., Luo, M., Menkir, A., Fakhoury, A., & Bhatnagar, D. 
(2010). Discovery and characterization of proteins associated with aflatoxin resistance: Evalu-
ating their potential as breeding markers. Toxins, 2, 919–933. doi:10.3390/toxins2040919.

Bruce, R. R., Langdale, G. W., West, L. T., & Miller, W. P. (1992). Soil surface modification 
by biomass inputs, affecting rainfall infiltration. Soil Science Society of America Journal, 56, 
1614–1620.

Bruns, H. A., & Abbas, H. K. (2006). Planting date effects on Bt and non-Bt corn in the mid-South 
USA. Agronomy Journal, 98, 100–106.

Burgess, E. D. (1965). Control of the boll weevil with technical malathion applied by aircraft. 
Journal of Economic Entomology, 58, 414–415.

Campbell, K. W., & White, D. G., (1995). Evaluation of corn genotypes for resistance to aspergil-
lus ear rot, kernel infection and aflatoxin production. Plant Disease, 79, 1039–1045.

Canerday, T. D. (1983). The future of IPM a perspective from extension. In J. M. Brown (Ed.), Pro-
ceedings of the beltwide cotton conference (pp. 236–238). Memphis: National Cotton Council.

Cano-Rios, P., & Davis, D. D. (1981). Breeding for early maturity and verticillium wilt tolerance 
in upland cotton. Crop Science, 21, 319–321.

Carrière, Y., & Tabashnik, B. E. (2001). Reversing insect adaptation to transgenic insecticidal 
plants. Proceedings of the Royal Society of London, B268, 1475–1480.

Carrière, Y., Ellers-Kirk, C., Sisterson, M., Antilla, L., Whitlow, M., Dennehy, T., & Tabashnik, 
B. (2003). Long-term regional suppression of pink bollworm by Bacillus thuringiensis cotton. 
Proceedings of the National Academy of Science U S A, 100, 1519–1523.

Carpenter, J. E., & Gianessi, L. (2010). Economic impacts of glyphosate-resistant weeds. In V. K. 
Nandula (Ed.), Glyphosate resistance in crops and weeds: History, development and manage-
ment (pp. 297–312). Hoboken: Wiley.

Carpenter, J. E., Sankula, S., Silvers, C. S., & Gianessi, L. P. (2004). Insecticidal Bacillus thuring-
iensis plants versus chemical insecticides. In M. K. Bhalgat, W. P. Ridley, A. S. Felsot, & J. N. 
Seiber (Eds.), Agricultural biotechnology: Challenges and prospects (pp. 37–51). Washington, 
DC: ACS Symposium Series 866. American Chemical Society.



C. T. Allen136

Carter, R., Clower, J., Young, R., & Lambert, H. (1997). Transgenic Bt Cotton—Consultants’ 
views and observations. In C. P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide 
cotton conference (pp. 874–875). Memphis: National Cotton Council.

Castle, S., & Naranjo, S. E. (2009). Sampling plans, selective insecticides and sustainability: The 
case for IPM as ‘informed pest management’. Pest Management Science, 65, 1321–1328.

Catchot, A. L., & Mullins, W. (2003). Bollgard II Performance in the mid-South. In D. A. Richter 
(Ed.), Proceedings of the beltwide cotton conference (pp. 1031–1033). Memphis: National 
Cotton Council.

Chandler, L. D., Coppedge, J. R., Edwards, C. R., Tollefson, J. J., Wilde, G. R., & Faust, R. M. 
(2008). Corn rootworm areawide pest management in the midwestern USA. In O. Koul, G. Cu-
peris, & N. Elliott (Eds.), Areawide pest management: Theory and implementation (pp. 191–
207). Wallingford: CAB International.

Chilcutt, C. F., & Johnson, M. W. (2004). Development of resistance in pests to transgenic plants: 
Mechanisms and management strategies. In O. Koul & G. S. Dhaliwal (Eds.), Transgenic crop 
protection (pp. 177–217). Enfield: Science Publishers, Inc.

Christou, P., Capell, T., Kohli, A., Gatehouse, J. A., & Gatehouse, A. M. R. (2006). Recent devel-
opments and future prospects in insect pest control in transgenic crops. Trends in Plant Science, 
11, 302–308.

Clark, D. O. (2001). Boll weevil establishment and eradication in California. In W. A. Dickerson, 
A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), Boll weevil 
eradication in the United States through 1999 (pp. 235–244). Memphis: The Cotton Founda-
tion (Reference Book Series No. 6).

Coad, B. R. (1930). The entomologist in relation to cotton insect problems of today. Journal of 
Economic Entomology, 23, 667–672.

Coad, B. R., Tucker, E. S., Williams, W. B., Bondy, F. R., & Gaines, R. C. (1922). Dispersion of 
the boll weevil in 1921. USDA Circular, 210, 1–3.

Cochran, M. J., Nicholson, W. F., Parvin, D. W., Raskin, R., & Phillips, J. R. (1985). An assess-
ment of the Arkansas experience with bollworm management communities: Evaluated from 
three perspectives. In J. M. Brown & T. C. Nelson (Eds.), Proceedings of the beltwide cotton 
conference (pp. 160–162). Memphis: National Cotton Council.

Coker, R. R. (1958). The impact of the boll weevil on cotton production costs. Proceedings of the 
beltwide cotton conference (pp. 3–5). Memphis: National Cotton Council.

Colburn, G. E. (1994). Producing cotton with resistant Heliothis, consultant’s perspective. In D. J. 
Herber & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 114–115). 
Memphis: National Cotton Council.

Cole, R. J., & Cotty, P. J. (1990). Biocontrol of aflatoxin using biocompetitive agents. In J. Robens, 
W. Huff, & J. Richards (Eds.), A perspective on aflatoxin in field crops and animal food prod-
ucts in the United States: A symposium (pp. 62–66). Beltsville: ARS-83. USDA-ARS.

Cook, O. F. (1906). Weevil-resisting adaptation of the cotton plant. USDA Bureau of Plant Indus-
tries Bulletin, 88, 87.

Cook, O. F. (1911). Relation of drought to weevil resistance in cotton. USDA Bureau of Plant 
Industries, 220, 30.

Cook, O. F. (1924). Cotton improvement under boll weevil conditions. USDA Farmers Bulletin, 
501, 18.

Corbet, P. S. (1981). Non-entomological impediments to the adoption of integrated pest manage-
ment. Protection Ecology, 3, 183–202.

Cotty, P. J. (1994). Influence of field application of an atoxigenic strain of Aspergillus flavus on 
the population of A. flavus infecting cotton bolls and on the aflatoxin content of cottonseed. 
Phytopathology, 84, 1270–1277.

Cotty, P. J., Antilla, L., & Wakelyn, P. J. (2007). Competitive exclusion of aflatoxin producers: 
Farmer driven research and development. In C. Vincent, M. S. Goettel, & G. Lazarovits (Eds.), 
Biological control: A global perspective (pp. 241–253). Wallingford: CAB International.

CPARD. (2012). A National Association of State Departments of Agriculture and EPA Coopera-
tive Agreement Project. Washington State University. http://cpard.wsu.edu/reports/menu/aspx.



5 Integrated Pest Management in the Southern United States of America 137

Culpepper, A. S., Grey, T. L., Vencill, W. K., Kichler, J. M., Webster, T. M., Brown, S. M., York, A. 
C., Davis, J. W., & Hanna, W. W. (2006). Glyphosate-resistant Palmer amaranth ( Amaranthus 
palmeri) confirmed in Georgia. Weed Science, 54, 620–626.

Culpepper, A. S., York, A. C., Steckel, L., & Prostko, E. P. (2007). Glyphosate-resistant Palmer 
amaranth ( Amaranthus palmeri) spreads throughout Georgia and North Carolina. In S. Boyd, 
M. Huffman, D. Richter, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference 
(p. 758). Memphis: National Cotton Council.

Culpepper, A. S., Kichler, J., Sosnoskie, L., York, A., Sammons, D., & Nichols, R. (2010). Inte-
grating cover crop residue and moldboard plowing into glyphosate-resistant Palmer amaranth 
management programs. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the 
beltwide cotton conference (p. 1531). Memphis: National Cotton Council.

Culpepper, A. S., Sosnoskie, L. M., Kichler, J., & Steckel, L. E. (2011). Impact of cover crop resi-
due and tillage on the control of glyphosate-resistant Palmer amaranth. Weed science society of 
America annual meeting, 7–10 Feb. Portland.

Curl, L. F., & White, R. W. (1952). The pink bollworm. USDA yearbook of agriculture, 505–511.
Davich, T. B. (1976). Forward. In T. B. Davich (Ed.), Boll weevil suppression, management, and 

elimination technology—proceedings of a conference (pp. i–ii). Memphis: USDA-ARS-S-71.
Davis, R. (2011). Host plant resistance for reniform and root-knot nematode management in cot-

ton. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton con-
ference (p. 217). Memphis: National Cotton Council.

DeFelice, M. S., Carter, P. R., & Mitchell, S. B. (2006). Influence of tillage on corn and soybean 
yield in the US and Canada. Crop Management. http://www.plantmanagementnetwork.org/
pub/cm/research/2006/tillage/.

Degola, F., Berni, E., & Restivo, F. M. (2011). Laboratory tests for assessing efficacy of atoxigenic 
Aspergillus flavus strains as biocontrol agents. International Journal of Food Microbiology, 
146, 235–243.

de Maagd, R. A., Bosch, D., & Stiekema, W. (1999). Bacillus thuringiensis toxin-mediated insect 
resistance in plants. Trends Plant Science, 4, 9–13.

DeVore, J. D., Norsworthy, J. K., Johnson, D. B., Wilson, M. J., & Griffith, G. M. (2011). Influ-
ence of deep tillage and a rye cover crop on Palmer amaranth emergence in cotton. In S. Boyd, 
M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference (p. 1554). 
Memphis: National Cotton Council.

Diener, U. L., Cole, R. J., Sanders, T. H., Payne, G. A., & Lee, L. S. (1987). Epidemiology of 
aflatoxin formation by Aspergillus flavus. Annual Review of Phytopathology, 25, 249–270.

Dickerson, W. A., Cross, G. B., & Grant, M. (2001). North Carolina boll weevil eradication and 
post-eradication programs. In W. A. Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, W. 
J. Grefenstette, & F. A. Harris (Eds.), Boll weevil eradication in the United States through 1999 
(pp. 375–404). Memphis: The Cotton Foundation (Reference Book Series No. 6).

Donaldson, D., Kiely, T., & Grube, A. (2002). Pesticide industry sales and usage: 1998 and 1999 
market estimates. Washington, DC: US Environmental Protection Agency.

Donnell, E. J. (1872). Chronological and statistical history of cotton. New York: James Sutton 
and Company.

Dorner, J. W. (2004). Combined effects of biological control formulations, cultivars and fungisides 
on preharvest colonization of aflatoxin contamination of peanuts by Aspergillus species. Pea-
nut Science, 21, 79–86.

Dotray, P. A., Keeling, J. W., Gilbert, L. V., & Ethridge, L. M. (2012). Weed management systems 
in cotton in the Texas High Plains. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceed-
ings of the beltwide cotton conference (pp. 1518–1519). Memphis: National Cotton Council.

Doutt, R. L., & Smith, R. F. (1971). The pesticide syndrome. In C. B. Huffaker (Ed.), Biological 
control (pp. 3–15). New York: Plenum Press.

Dowd, P. F. (2001). Biotic and abiotic factors limiting efficacy of Bt corn indirectly reducing mico-
toxin levels in commercial fields. Journal of Economic Entomology, 94, 1067–1074.

Duke, S. O. (2011). Comparing conventional and bio-technology-based pest management. Journal 
of Agricultural and Food Chemistry, 59, 5793–5798.



C. T. Allen138

Duke, S. O., & Powles, S. B. (2008). Mini-review. Glyphosate: A once in a century herbicide. Pest 
Management Science, 64, 319–325.

Duke, S. O., & Powles, S. B. (2009). Glyphosate-resistant crops and weeds: Now and in the future. 
AgBioForum, 12, 346–357.

Eichers, T. R., Andrilenas, P. A., & Anderson, T. W. (1978). Farmer’s use of pesticides in 1976. 
USDA Agricultural Economic Report No. 418, p. 58.

El-Lissy, O., & Moschos, J. (1999). Development of a computerized expert system as a manage-
ment tool for Boll Weevil eradication. In P. Dugger & D. Richter (Eds.), Proceedings of the 
beltwide cotton conference (pp. 834–837). Memphis: National Cotton Council.

Elzen, G. W. (1995). Changes in tolerance to insecticides in tobacco budworm populations, 1995. 
In P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 779–
784). Memphis: National Cotton Council.

Elzen, G. W., Leonard, B. R., Graves, J. B., Burris, E., & Micinski, S. (1992). Resistance to pyre-
throid, carbamate, and organophosphate insecticides in field populations of tobacco budworm 
(Lepidoptera: Noctuidae) in 1990. Journalof Economic Entomology, 85, 2064–2072.

Elzen, G. W., Adams, L. C., & Hardee, D. D. (1997). Evaluation of tolerance to insecticides in 
tobacco budworm populations in 1996. In D. A. Richter & J. Armour (Eds.), Proceedings of the 
beltwide cotton conference (pp. 1289–1291). Memphis: National Cotton Council.

EPA. (1998). Final Report of FIFRA Scientific Advisory Panel: Subpanel on Bacillus thuringien-
sis (Bt) Plant-pesticides and Resistance Management. http://www.epa.gov/scipoly/sap/meet-
ings/1908/0298_mtg.htm.

EPA. (2002). Corn rootworm plant incorporated protectant, Non-target insect and insect resistance 
management issues. Final Meeting Minutes. FIFRA Scientific Advisory Panel Meeting. 27–29 
August 2002. http://www.epa.gov/scipoly/sap/meetings/2002/082702_mtg.htm#minutes.

Ewing, K. P. (1952). The bollworm. USDA yearbook of agriculture, 511–514.
Ewing, K. P., & Ivy, E. E. (1943). Some factors influencing bollworm populations and damage. 

Journal of Economic Entomology, 36, 602–606.
Ewing, K. P., & Parencia, C. R. (1949). Early season insecticides for cotton insect control. USDA 

Bureau of Entomology and Plant Quarantine, E-792, 9.
Ewing, K. P., & Parencia, C. R. (1950). Early season applications of insecticides on a community-

wide basis for cotton insect control in 1950. USDA Bureau of Entomology and Plant Quaran-
tine, E-810, 8.

FDA. (2012). CPG Sec. 683.100 Action levels for aflatoxins in animal feeds. US Food and Drug 
Administration. http://www.fda.gov/ICECI/ComplianceManuals/CompliancePolicyGuidance-
Manual/ucm074703.htm.

Feng, P. C. C., Cajacob, C. A., Martino-Catt, S. J., Cerny, R. E., Elmore, G. A., Heck, G. R., 
Huang, J., Kruger, W. M., Malvern, M., Miklos, J. A. et al. (2010). Glyphosate-resistant crops: 
Developing the next generation products. In V. K. Nandula (Ed.), Glyphosate resistance in 
crops and weeds: History, development and management (pp. 45–66). Hoboken: Wiley.

Fletcher, R. K. (1929). The uneven distribution of Heliothis obsoleta (Fabricius) on cotton in 
Texas. Journal of Economic Entomology, 22, 757–760.

Frisbie, R. E. (1985a). Consortium for Integrated Pest Management (CIPM)—Organization and 
administration. In R. E. Frisbie & P. E. Adkisson (Eds.), CIPM—Integrated Pest Management 
on Major Agricultural Systems. Texas Agricultural Experiment Station MP-1616, pp. 1–9.

Frisbie, R. E. (1985b). Regional Implementation of Cotton IPM. In R. E. Frisbie & P. E.Adkisson 
(Eds.), CIPM—Integrated pest management on major agricultural systems. Texas Agricultural 
Experiment Station MP-1616, pp. 638–651.

Frisbie, R. E. (1993). Successful cotton IPM. In A. R. Leslie & G. W. Cuperus (Eds.), Successful 
implementation of integrated pest management for agricultural crops (pp. 57–74). Boca Raton, 
U.S.A: Lewis Publishers.

Fuchs, T. W. (1994). Texas experience and 1994 resistance management recommendations. In 
D. J. Herber & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (p. 122). 
Memphis: National Cotton Council.



5 Integrated Pest Management in the Southern United States of America 139

Fuchs, T. W., Smith, D., & Holloway, R. (1997). Status of IPM and insecticide use in Texas cotton. 
In P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 1140–
1144). Memphis: National Cotton Council.

Furr, R. E., Jr., & Harris, F. A. (1996). Cotton aphid insecticide efficacy in trials in the Mississippi 
delta in 1995. In P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton confer-
ence (pp. 891–892). Memphis: National Cotton Council.

Gaines, R. C. (1942). Effect of boll weevil control and cotton aphid on yield. Journal of Economic  
Entomology, 35, 493–495.

Gaines, R. C. (1952). The boll weevil. USDA yearbook of agriculture, 501–504.
Gaines, R. C. (1957). Cotton insects and their control. Annual Review of Entomology, 2, 319–338.
Gassmann, A. J., Petzold-Maxwell, J. L., Keweshan, R. S., & Dunbar, M. W. (2011). Field-evolved 

resistatance to Bt maize by western corn rootworm. PLoS One, 6, e22629.
Gast, R. T., & Vardell, H. (1963). Mechanical devices to expedite boll weevil rearing in the labora-

tory. USDA-ARS, 33, 89.
Gerwick, B. C. (2010). Thirty years of herbicide discovery: Surveying the past and contemplating 

the future. Agrow, (Silver Jubilee Edition) VII–IX.
Gianessi, L. P., & Reigner, N. P. (2007). The value of herbicides in U. S. crop production. Weed 

Technology, 21, 259–266.
Givens, W. A., Shaw, G. R., Johnson, W. G., Weller, S. C., Young, B. G., Wilson, R. G., Owen, M. 

D. K., & Jordan, D. (2009a). A grower survey of herbicide use patterns in glyphosate-resistant 
cropping systems. Weed Technology, 23, 156–161.

Givens, W. A., Shaw, D. R., Kruger, G. R., Johnson, W. G., Weller, S. C., Young, B. G., Wilson, R. 
G., Owen, M. D. K., & Jordan, D. (2009b). Survey of tillage trends following the adoption of 
glyphosate-resistant crops. Weed Technology, 23, 150–155.

Gong, Y. Y., Cardwell, K., Hounsa, A., Egal, S., Turner, P. C., Hall, A. J., & Wild, C. P. (2002). 
Dietary aflatoxin exposure impared growth in young children from Benin and Tongo: Cross 
sectional study. British Medical Journal, 325, 20–21.

Gould, F. (1998). Sustainability of transgenic insecticidal cultivars: Integrating pest genetics and 
ecology. Annual Review of Entomology, 43, 701–726.

Gould, F. (2010). Applying evolutionary biology: From retrospective analysis to direct manipula-
tion. In M. A. Bell, D. J. Futuyma, W. F. Eanes, & J. S. Levinton (Eds.), Evolution since Dar-
win: The first 150 years (pp. 591–621). Sunderland, U.S.A: Sinauer.

Gourma, H., & Bullerman, L. B. (1995). Aspergillus flavus and Aspergillus parasiticus: Afla-
toxigenic fungi of concern in foods and feeds. Journal of Protection Ecology, 58, 1395–1404.

Graves, J. B., Roussel, J. S., & Phillips, J. R. (1963). Resistance to some chlorinated hydrocarbon 
insecticides in the bollworm. Heliothis zea. Journal of Economic Entomology, 56, 442–444.

Graves, J. B., Leonard, B. R., & Pavloff, A. M. (1989). An update on pyrethroid resistance in 
tobacco budworm in Louisiana. In J. M. Brown & D. A. Richter (Eds.), Proceedings of the 
beltwide cotton conference (pp. 343–346). Memphis: National Cotton Council.

Graves, J. B., Leonard, B. R., Micinski, S., Long, D. W., & Burris, E. (1991). Status of pyrethroid 
resistance in tobacco budworm and bollworm in Louisiana. In D. J. Herber & D. A. Richter 
(Eds.), Proceedings of the beltwide cotton conference (pp. 634–637). Memphis: National Cot-
ton Council.

Graves, J. B., Leonard, B. R., Micinski, S., Martin, S. K., Long, D. W., Burris, E., & Baldwin, J. L. 
(1992). Situation on tobacco budworm resistance to pyrethroids in Louisiana during 1991. In 
D. J. Herber & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 743–
746). Memphis: National Cotton Council.

Graves, J. B., Elzen, G. W., Layton, M. B., Smith, R. H., & Wall, M. L. (1995). Budworm/boll-
worm management: Insecticide resistance and population trendsin the mid-South. In D. A. 
Richter & J. Armour (Eds.), Proceedings of the beltwide cotton conference (pp. 136–140). 
Memphis: National Cotton Council.

Green, J. M., & Owen, M. D. K. (2011). Herbicide-resistant crops: Utilities and limitations for her-
bicide-resistant weed management. Journal of Agricultural and Food Chemistry. doi:10.1021/
jf101286h.



C. T. Allen140

Greene, J. K., & Herzog, G. A. (1999). Management of stink bugs using symptoms of boll injury 
as a monitoring tool. In P. Dugger & D. A. Richter (Eds.), Proceedings of  the beltwide cotton 
conference (pp. 1041–1047). Memphis: National Cotton Council.

Greene, J., Capps, C., Lorenz, G., Studebaker, G., Smith, J., Luttrell, R., Kelley, S., & Kirkpatirck, 
W. (2005). Management considerations for stink bugs—2004. In P. Dugger & D. A. Richter 
(Eds.), Proceedings of the beltwide cotton conference (pp. 1527–1538). Memphis: National 
Cotton Council.

Greene, J. K., Robinson, D. M., Carter, K. M., & Devinney, G. N. (2011). Performance of new and 
existing Bt cotton technologies when inundated with heavy/natural populations of bollworm 
in S. C.—2010. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide 
cotton conference (pp. 993–999). Memphis: National Cotton Council.

Greenplate, J., Penn, S., Dahn, A., Reich, B., Osborn, J., & Mullins, W. (2002). Bollgard II: Dual 
toxin expression and interaction. In J. McRae & D. A. Richter (Eds.), Proceedings of the belt-
wide cotton conference. Memphis: National Cotton Council.

Griffin, D., Roberts, P., Herbert, A., & Toews, M. (2012). Performance of selected in-furrow and 
foliar insecticides for managing seedling thrips. In S. Boyd, M. Huffman, & B. Robertson 
(Eds.), Proceedings of the beltwide cotton conference (pp. 871–873). Memphis: National Cot-
ton Council.

Grube, A., Donaldson, D., Kiely, T., & Wu, L. (2011). Pesticide industry sales and usage: 2006 
and 2007 market estimates. Washington, DC: US Environmental Protection Agency, Office of 
Chemical Safety and Pollution Prevention.

Hager, A., & Sprague, C. (2000). Chapter 19. Weed resistance to herbicides. In Illinois pest man-
agement handbook (pp. 315–321). http://wev.aces.uiuc.edu/vista/pdf_pubs/iapm2k/chapt19.pdf.

Hagerty, A. M., Turnipseed, S., Sullivan, M. J., & Gibson, A., (2003). Bollgard II: Influence on 
predaceous arthropods and activity against pests under different management scenarios. In D. 
A. Richter (Ed.), Proceedings of the beltwide cotton conference (pp. 1161–1162). Memphis: 
National Cotton Council.

Hamer, J. (1981). Report of the cotton-insect loss committee of the thirty-fourth annual conference 
on cotton insect research and control. In J. M. Brown (Ed.), Proceedings of the beltwide cotton 
conference (p. 136). Memphis: National Cotton Council.

Hammond, R. B., & Stinner, B. R. (1999). Impact of tillage systems on pest management. In J. 
Ruberson (Ed.), Handbook of pest management. New York: Marcel Dekker.

Hammond, B., Campbell, K., Pilcher, C., Robinson, A., Melcion, D., Cahagnier, B., Richard, J., 
Sequeira, J., Cea, J., Tatli, F., Grogna, R., Pietri, A., Piva, G., & Rice, L. (2003). Reduction of 
fumonosin mycotoxins in Bt corn. Toxicology, 72, 1217.

Handy, R. B. (1896). History and general statistics of cotton. In A. C. True (Ed.), The cotton plant: 
Its history, botany, chemistry, culture, enemies, and uses (pp. 17–66). Washington, DC: USDA 
Bulletin 33.

Haney, P. B., Lewis, W. J., & Lambert, W. R. (1996). Cotton production and the boll weevil in 
Georgia: History, cost of control and benefits of eradication. The Georgia Agricultural Ex-
periment Stations Research Bulletin No. 428, p. 49. http://pubs.caes.uga.edu/caespubs.PDF/
RB428.pdf.

Haney, P. B. (2001). The cotton boll weevil in the United States: Impact on cotton production and 
the people of the Cotton Belt. In W. A. Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, 
W. J. Grefenstette, & F. A. Harris (Eds.), Boll weevil eradication in the United States through 
1999 (pp. 7–24). Memphis: The Cotton Foundation. (Reference Book Series No. 6)

Hardee, D. D., & O’Brien, P. J. (1990). Cotton aphids: Current status and future trends in manage-
ment. In J. M. Brown & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference 
(pp. 169–171). Memphis: National Cotton Council.

Harned, R. W. (1910). Boll weevil in Mississippi. 1909 Mississippi Agricultural Experiment Sta-
tion Bulletin, 139, 44.

Harrington, J., Byrne, P. F., Piers, F. B., Nissen, S. J., Westra, P., Ellsworth, P., Fournier, A., Mallo-
ry-Smith, C. A., Zemethra, R. S., & Henry, W. B. (2009). Perceived consequences of herbicide-
tolerant and insect-resistant crops on integrated pest management strategies in the western 
United States. AgBioForum, 12, 412–421.



5 Integrated Pest Management in the Southern United States of America 141

Harris, F. A., & Furr, I. E. Jr. (1993). Cotton aphicide resistance phenomenon in the Mississippi 
delta 1990–1992. In D. J. Herber & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (pp. 961–963). Memphis: National Cotton Council

Harris, F. A. & Smith, J. W. (2001). Bollweevil eradication in Mississippi (pp. 305–344). In W. A. 
Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette & F. A. Harris (Eds.), 
Boll weevil eradication in the United States through 1999. Reference Book Series No. 6. Mem-
phis: The Cotton Foundation.

Harris, M. K. (2001). IPM, what has it delivered? A Texas case history emphasizing cotton, sor-
ghum, and pecan. Plant Disease, 85, 112–121.

Hasty, M., Durham, E., & Payne, G. (1997). Evaluation of the susceptibility of tobacco budworm 
( Heliothis virescens) and the cotton boll worm ( Helicoverpa zea) populations in Georgia to 
various insecticides. In C. P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (pp. 1292–1294). Memphis: National Cotton Council.

Haumann, F. (1995). Eradicating mycotoxins in food and feeds. Inform, 6, 248–256.
Haygood, R. A., Weiss, T. W., Busacca, E. L., & Stum, S. T. (2012). Evolution of nematode man-

agement in cotton: Dow AgroSciences commitment to site-specific technology. In S. Boyd, 
M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference (p. 293). 
Memphis: National Cotton Council.

Head, G., & Dively, G. (2004). Impacts of transgenic Bt crops on non-target animal species. In O. 
Koul & G. S. Dhaliwal (Eds.), Transgenic crop protection: Concepts and strategies  (pp. 307–
324). Enfield, U.S.A: Science Publishers, Inc.

Head, G., Freeman, B., Moar, W., Ruberson, J., & Turnipseed, S. (2001). Natural enemy abun-
dance in commercial Bollgard® and conventional cotton fields. In C. P. Dugger & D. A. Rich-
ter (Eds.), Proceedings of the beltwide conference (pp. 796–797). Memphis: National Cotton 
Council.

Head, R. B. (1983). The impact of cotton insect pest management programs on the private sector. 
In J. M. Brown (Ed.), Proceedings of the beltwide cotton conference (pp. 234–238). Memphis: 
National Cotton Council.

Head, R. B. (1982–1998). Cotton insect losses. In Proceedings of the beltwide cotton conference. 
Memphis: National Cotton Council.

Heap, I. (2007). International Survey of Herbicide Resistant Weeds. www.weedscience.org/in.asp. 
Accessed 12 Dec 2007.

Heap, I. (2009). International Survey of Herbicide Resistant Weeds. www.weedscience.org/in.asp. 
Accessed 28 Sept 2009.

Heisler, C. (1998). Influence of tillage and crop rotation on biological activity. Agribiological 
Research, 51, 289–297.

Helms, D. (1977). Just looking’ for a home: The cotton boll weevil and the south. Gainesville: 
Ph.D. Disertation, University of Florida.

Herbert, D. A., Jr., Malone, S., Samper, J., Bacheler, J., Reisig, D., & Mott, D. (2012). Thrips wars: 
Challenges from the northeast region. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Pro-
ceedings of the beltwide cotton conference (pp. 942–952). Memphis: National Cotton Council.

Hinds, W. E. (1926). Airplane dusting of cotton for boll weevil control. Journal of Economic 
Entomology, 19, 607.

Hinds, W. E. (1928). The effect of the spacing of cotton plants upon the form and height of the 
plant. Journal of Economic Entomology, 21, 741–748.

Holland, J. M. (2002). Integrated farming systems. In D. Pimentel (Ed.), Encyclopedia of pest 
management (pp. 410–412). New York: Marcel Dekker.

Hopkins, A. R., & Taft, H. M. (1967). Control of cotton pests by aerial application of ultra-low-
volume (undiluted) technical insecticides. Journal of Economic Entomology, 60, 561–565.

Hudson, B. D. (1994). Soil organic matter available water capacity. Journal of Soil and Water 
Conservation, 49, 189–194.

Huffaker, C. B., & Smith, R. (1980). Rationale, organization and development of a national 
integrated pest management project. In C. B. Huffaker (Ed.), Technology of pest control. New 
York: Wiley.



C. T. Allen142

Hunter, W. D. (1904). The status of the Mexican cotton boll weevil in the United States in 1903. 
USDA Farmers Bulletin, 189, 205–214.

Hutchison, W. D., Burkness, E. C., Mitchell, P. D., Moon, R. D., Leslie, T. W., Fleischer, S. J., 
Abramson, M., Hamilton, K. L., Steffey, K. L., Gray, M. E., Hellmich, R. L., Kaster, L. V., 
Hunt, T. E., Wright, R. J., Pecinovsky, K., Rabaey, T. L., Flood, B. R., & Raun, E. S. (2010). 
Areawide suppression of European corn borer with Bt maize reaps savings to non-Bt maize 
growers. Science, 330, 222–225.

Isakeit, T., Minzenmayer, R. R., Drake, D. R., Morgan, G. D., Mott, D. A., Fromme, D. D., Multer, 
W. L., Jungman, M., & Abrameit, A. (2012). Fungicide management of cotton root rot (Phy-
matrichopsis omnivora): 2011 results. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Pro-
ceedings of the beltwide cotton conference (pp. 235–238). Memphis: National Cotton Council.

Isley, D. (1928). The relation of leaf color and size to boll weevil infestation. Journal of Economic 
Entomology, 21, 553–559.

Isley, D. (1933). Control of the boll weevil in Arkansas. University of Arkansas Cooperative Ex-
tension Service Circular, 162, 9.

Isley, D., & Baerg, W. J. (1924). The boll weevil Problem in Arkansas. Arkansas Agricultural 
Experiment Station Bulletin, 190, 22.

Jackson, R. E., Allen, K. C., & Luttrell, R. G. (2012). Comparative benefit of Bt and non-Bt cotton 
under different insect management strategies. In S. Boyd, M. Huffman, & B. Robertson (Eds.), 
Proceedings of the beltwide cotton conference (p. 1125). Memphis: National Cotton Council.

James, C. (2010). Global status of commercialized Biotech/GM Crops: 2010. ISAAA Brief No. 42. 
International Service for the Acquisition of Ag-biotech Applications (ISAAA), Ithaca, U.S.A.

James, C. (2011). Global status of commercialized biotech/GM Crops: 2011. ISAAA Brief No. 43. 
International Service for the Acquisition of Ag-biotech Applications (ISAAA), Ithaca, U.S.A.

Johnson, D. R., & Martin, G. (2001). Boll weevil eradication in Arkansas. In W. A. Dickerson, A. 
L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), boll weevil 
eradication in the United States through 1999 (pp. 225–234). Memphis: The Cotton Founda-
tion (Reference Book Series No. 6).

Johnson, D. R., & Studebaker, G. E. (1991). Cotton aphid control and management in Arkansas. In 
D. J. Herber & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 689–
690). Memphis: National Cotton Council.

Johnson, D. R., Lorenz, G. M. III, Reaper, J. D., Hopkins, J. D., Studebaker, G., & Edmond, R. 
(2001). Plant bug, Lygus lineolaris, management in cotton. In C. P. Dugger & D. A. Richter 
(Eds.), Proceedings of the beltwide cotton conference (pp. 1084–1086). Memphis: National 
Cotton Council.

Jones, J. S., Newsom, L. D., & Tipton, K. W. (1964). Differences in boll weevil infestation among 
several biotypes of upland cotton. In J. M. Brown (Ed.), Proceedings of the beltwide cotton 
conference (pp. 48–55). Memphis: National Cotton Council.

Kang, M. S. (Ed.). (2005). Genetic and production innovations in field crop technology: New 
developments in theory and practice. New York: Haworth Press, Inc.

Kaspar, T. C., Radke, J. K., & Laflen, J. M. (2001). Small grain cover crops and wheel traffic ef-
fects on infiltration, runoff, and erosion. Journal of Soil and Water Conservation, 56, 160–164.

Kelley, R. Y., Williams, W. P., Mylroie, J. E., Boykin, D. L., Harper, J. W., Windham, G. L., Ankala, 
A., & Shan, X. (2012). Identification of maize genes associated with host plant resistance of sus-
ceptibility to Aspergillus flavus infection and aflatoxin accumulation. PLoS One, 7, e36892, 1–12.

Kemper, B., & Derpsch, R. (1981). Results of studies made in 1978 and to control erosion by cover 
crops and no-tillage techniques in Paraná Brazil. Soil and Tillage Research, 1, 253–267.

Kerns, D. L., & Galor, M. J. (1991). Insecticide resistance in field populations of cotton aphids and 
relative susceptibility of its parasitoid Lysophebus testaceipes. In D. J. Herber & D. A. Richter 
(Eds.), Proceedings of the beltwide cotton conference (pp. 682–685). Memphis: National Cot-
ton Council.

Kiely, T., Donaldson, D., & Grube, A. (2004). Pesticide industry sales and usage: 2000 and 2001 
market estimates. Washington, DC: US Environmental Protection Agency.

Kladivko, E. J. (2001). Tillage systems and soil ecology. Soil and Tillage Research, 61, 61–76.



5 Integrated Pest Management in the Southern United States of America 143

Klassen, W., & Ridgway, R. L. (2001). Forward. In W. A. Dickerson, A. L. Brashear, J. T. Brumley, 
F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), Boll weevil eradication in the United 
States through 1999 (pp. xxi–xxiv). Memphis: The Cotton Foundation (Reference Book Series 
No. 6).

Knipling, E. F. (1956). Basic research for control of cotton insects tomorrow. In Proceedings of the 
beltwide cotton conference (pp. 20–21). Memphis: National Cotton Council.

Knipling, E. F. (1966). Total suppression of insect populations. In J. M. Brown (Ed.), Proceedings 
of the beltwide cotton conference (pp. 15–17). Memphis: National Cotton Council.

Knipling, E. F. (1967). Technically feasible approaches to boll weevil eradication. In J. M. Brown 
(Ed.), Proceedings of the beltwide cotton conference (pp. 14–18). Memphis: National Cotton 
Council.

Knipling, E. F. (1968). Technically feasible approaches to boll weevil eradication. In J. M. Brown 
(Ed.), Proceedings of the beltwide cotton conference (pp. 18–20). Memphis: National Cotton 
Council.

Knipling, E. F. (1971). Boll weevil and pink bollworm eradication: Progress and plans. In J. M. 
Brown (Ed.), Proceedings of the beltwide cotton conference (pp. 23–30). Memphis: National 
Cotton Council.

Kogan, M. (1998). Integrated pest management: Historical perspectives and contemporary devel-
opments. Annual Review of Entomology, 43, 243–270.

Kromp, B. (1999). Carabid beetles in sustainable agriculture: A review on pest control effi-
cacy, cultivation impacts and enhancement. Agricuture, Ecosystems and Environment, 74,  
187–228.

Lacewell, R. D., Botrell, D. G., Billingsley, R. V., Rummel, D. R., & Larson, I. L. (1974). Impact 
of the Texas High Plains Diapause Boll Weevil Control Programs. Texas Agricultural Experi-
ment Station MP-1165, 16.

Lambert, H. (1997). Transgenic Bt cotton—Problems from consultants’ perspective. In Proceed-
ings of the beltwide cotton conference (pp. 873–874). Memphis: National Cotton Council.

Lambert, W. P. (1983). Impact of IPM on acreage scouted and insecticide use. In J. M. Brown 
(Ed.), Proceedings of the beltwide cotton conference (pp. 228–229). Memphis: National Cot-
ton Council.

Layton, M. B. (1994). The 1993 beet armyworm outbreak in Mississippi and future management 
guidelines. In P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference 
(pp. 854–856). Memphis: National Cotton Council.

Layton, M. B., Smith, H. R., & Andrews, G. (1996a). Cotton aphid infestations in Mississippi: Ef-
ficacy of selected insecticides and impact on yield. In C. P. Dugger & D. A. Richter (Eds.), Pro-
ceedings of the beltwide cotton conference (pp. 892–893). Memphis: National Cotton Council.

Layton, M. B., Williams, M. R., Andrews, G., & Stewart, S. (1996b). Severity and distribution of 
the 1995 tobacco budworm outbreak in Mississippi. In C. P. Dugger & D. A. Richter (Eds.), 
Proceedings of the beltwide cotton conference (pp. 820–822). Memphis: National Cotton 
Council.

Layton, M. B., Long, J. L., Flint, S. G., & Green, L. M. (2003). Control of tarnished plant bugs in 
Mississippi delta cotton. In D. A. Richter (Ed.), Proceedings of the beltwide cotton conference 
(pp. 929–932). Memphis: National Cotton Council.

Le Bissonnais, Y. (1990). Experimental study and modeling of soil surface crusting process. In R. 
B. Bryan (Ed.), Soil erosion, experiments and models, Catena Supplement, 17, 13–38.

Leggett, J. E., & Cross, W. H. (1971). A new trap for capturing boll weevil. USDA Cooperative 
Economic Insect Report, 21, 773–774.

Leser, J. F., Allen, C. T., & Fuchs, T. W. (1992). Cotton aphid infestations in West Texas: A grow-
ing management problem. In D. J. Herber & D. A. Richter (Eds.), Proceedings of the beltwide 
cotton conference (pp. 823–827). Memphis: National Cotton Council.

Leser, J. F., Bodden, E. A., & Haldenby, R. (1997). Boll weevil status in the Texas High Plains. In 
P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 1201–
1204). Memphis: National Cotton Council.



C. T. Allen144

Lewis, A. C. (1920). Annual report of the state entomologist for 1919. Georgia State Board of 
Entomology Bulletin, 58, 12.

Liesner, L., Antilla, L., Whitlow, M., & Staten, R. T. (2011). Arizona pink bollworm eradication 
program update 2010. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the 
beltwide cotton conference (pp. 1143–1149). Memphis: National Cotton Council.

Light, G. G., Mohammed, M. Y., Dotray, P. A., Chandler, J. M., & Wright, R. J. (2010). Glypho-
sate-resistant common waterhemp confirmed in Texas. In S. Boyd, M. Huffman, & B. Rob-
ertson (Eds.), Proceedings of the beltwide cotton conference (pp. 1539–1544). Memphis: Na-
tional Cotton Council.

Lincoln, C., & Waddle, B. A. (1965). Insect resistance of Frego Bract Cotton. Arkansas Farm 
Research, 15, 5.

Linder, T. (1954). Georgia historical agricultural data. Georgia State Department of Agriculture 
Special Report to the State Historical Commission.

Lithourgidis, A. S., Dhima, K. V., Damalas, C. A., Vasilakoglou, I. B., & Eleftherohorinos, I. G. 
(2006). Tillage effects on wheat emergence and yield at varying seeding rates and on labor and 
fuel consumption. Crop Science, 46, 1187–1192.

Lorenz, G., Stewart, S. D., Leonard, B. R., Cachot, A., Gore, J., & Cook, D. (2012). Impact of foliar 
insecticide application on dual gene cotton. In S. Boyd, M. Huffman, & B. Robertson (Eds.), 
Proceedings of the beltwide cotton conference (p. 1114). Memphis: National Cotton Council.

Lupwayi, N. Z., Arshad, M. A., Rice, W. A., & Clayton, G. W. (2001). Bacterial diversity in water-
stable aggregates of soils under conventional and zero tillage management. Applied Soil Ecol-
ogy, 16, 251–261.

Luttrell, R. G., Snodgrass, G. L., & Stewart, S. D. (1998). Susceptibility management of tarnished 
plant bug in the South. In C. P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide 
cotton conference (pp. 951–957). Memphis: National Cotton Council.

Luttrell, R. G., Ali, I., Allen, K. C., Young III, S. Y., Szalanski, A., Williams, K., Lorenz, G., 
Parker, C. D., Jr., & Blanco, C. (2004). Resistance to Bt in Arkansas populations of cotton boll-
worm. In D. A. Richter (Ed.), Proceedings of the beltwide cotton conference (pp. 1373–1383). 
Memphis: National Cotton Council.

Luttrell, R. G., Jackson, R. E., & Allen, K. C. (2012). Insectide treated and untreated Bt and 
conventional cottons under high insect pressure in large field. In S. Boyd, M. Huffman, & B. 
Robertson (Eds.), Proceedings of the beltwide cotton conference (p. 1126). Memphis: National 
Cotton Council.

McKibben, G. H., Villavaso, E. J., McGovern, W. L., & Greffenstette, B. (2001). United States 
Department of Agriculture—Research, Support, Methods Development, and Program Imple-
mentation. In W. A. Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, 
& F. A. Harris (Eds.), Boll weevil eradication in the United States through 1999 (pp. 101–136). 
Memphis: The Cotton Foundation (Reference Book Series No. 6).

McCorkle, D. (2011). Boll weevil eradication efforts showing significant economic benefits. Tex-
as AgriLife Extension Bulletin MKT-35580. http://agecoext.tamu.edu/fileadmin/econimpact/
MKT35580.pdf.

Mally, F. W. (1901). The Mexican boll weevil. USDA Farmers Bulletin, 130, 29.
Marvier, M., McCreedy, C., Regetz, J., & Kareva, P. A. (2007). A meta-analysis of effects of Bt 

cotton and maize on non-target invertebrates. Science, 316, 1475–1477.
Mascarenhas, V. J., Graves, J. B., Leonard, B. R., & Burris, E. (1998). Susceptibility of field 

populations of beet armyworm (Lepidoptera: Noctuidae) to commercial and experimental in-
secticides. Journal of Economic Entomology, 91(4), 827–833.

Mendelsohn, M., Kough, J., Vaituzis, Z., & Mathews, K. (2003). Are Bt crops safe? Nature Bio-
technology, 21, 1003–1009.

Metcalf, R. L., & Luckman, W. H. (1982). Introduction to insect pest management (p. 577). New 
York: Wiley.

Mortensen, D. A., Egan, J. F., Maxwell, B. D., Ryan, M. R., & Smith, R. G. (2012). Navigating a 
critical juncture for sustainable weed management. Bio Science, 62, 75–84.



5 Integrated Pest Management in the Southern United States of America 145

Munkvold, G. P., Hellmich, R. L., & Rice, M. E. (1999). Comparison of fumonosin concentra-
tion in kernels of transgenic Bt maize hybrids and non-transgenic hybrids. Plant Disease, 83, 
130–138.

Namken, L. N., & Heilman, M. D. (1973). Determinate cotton cultivars for more efficient cotton 
production in the Lower Rio Grande Valley. Agriculture Journal, 65, 953–956.

Naranjo, S. J. (2009). Impacts of Bt crops on non-target organisms and insecticide use patterns. 
CAB Reviews: Perspectives on Agricultural and Veteranary Science, Nutrition and Natural 
Resources No. 011, (doi:10.1079/PAVSNNR20094011).

Naranjo, S. (2011). Impacts of Bt transgenic cotton on integrated pest management. Journal of 
Agriculture and Food Chemistry, 59, 5842–5851.

Naranjo, S. E., & Ellsworth, P. C. (2003). Arthropod communities and transgenic cotton in the 
western United States: Implications for biological control. In Proceedings of the First Interna-
tional Symposium of Biological Control of Arthropods. Amherst: U. S. Forest Service.

Naranjo, S. E., & Ellsworth, P. C. (2010). Fourteen years of Bt cotton advances in Arizona. South-
western Entomologist, 35, 437–444.

NAS. (1972). Genetic vulnerability of major crops. Committee on Genetic Vulnerability of Major 
Crops (p. 307). Washington, DC: National Academy of Science.

NASS. (2012). USDA National Agricultural Statistics Service. http://www.nass.usda.gov/Statis-
tics_by_Subject/result.php.

National Research Council. Committee on the Impact of Biotechnology on Farm-Level Econom-
ics and Sustainability. (2010). The impact of genetically engineered crops on farm sustainabil-
ity in the United States. Washington, DC: National Academies Press.

Neal, C. R., & Antilla, L. (2001). Boll weevil establishment and eradication in Arizona and North-
west Mexico. In W. A. Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, 
& F. A. Harris (Eds.), Boll weevil eradication in the United States through 1999 (pp. 213–224). 
Memphis: The Cotton Foundation. (Reference Book Series No. 6)

Nemec, S., & Adkisson, P. L. (1969). Laboratory tests of insecticides for bollworm, Tobacco Bud-
worm Control. Texas Agricultural Experiment Station Progress Report, 2674, 4.

Newell, W. (1904). The Mexican cotton boll weevil. Georgia State Board of Entomology Bulletin, 
12, 29.

Newell, W., & Paulsen, T. C. (1908). The possibility of reducing boll weevil damage by autumn 
spraying of cotton fields to destroy the foliage and squares. Journal of Economic Entomology, 
1, 112–116.

Newsom, L. D. (1970). The end of an era and future prospects for insect control. In Proceedings 
of the tall timbers conference on ecological animal control by habitat management (pp. 117–
136). No. 2.

Newsom, L. D. (1974). Pest management: History, current status and future progress. In F. G. 
Maxwell & F. A. Harris (Eds.), Proceedings of the summer institute of biological control of 
plant insect and diseases (pp. 1–18). Jackson: University of Mississippi Press.

Nichols, R. L., (2012). Investing in the future of nematode management. In S. Boyd, M. Huffman, 
& B. Robertson (Eds.), Proceedings of the beltwide cotton conference (p. 287). Memphis: 
National Cotton Council.

Nichols, R. L., Bond, J., Culpepper, A. S., Dodds, D., Nandula, V., Main, C. L., Marshall, M. W., 
Mueller, T. C., Norsworthy, J. K., Price, A. J., Patterson, M., Scott, R. C., Smith, K. L., Steckel, 
L. E., Stephenson, D., Wright, D., & York, A. C. (2009). Glyphosate-resistant Palmer amaranth 
( Amaranthus palmeri) spreads in Southern US. Resistant Pest Management Newsletter, 18, 8–10.

Niles, G. A. (1970). Development of plant types with special adaptation to narrow row culture. 
In J. M. Brown (Ed.), Proceedings of the beltwide cotton conference (pp. 63–64). Memphis: 
National Cotton Council.

Nino, E., & Kerns, D. (2010). Efficacy of foliar and preventative insecticides towards thrips in 
the Texas High Plains. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the 
beltwide cotton conference (pp. 886–891). Memphis: National Cotton Council.

Norsworthy, J. K., Griffith, G. M., Scott, R. C., Smith, K. L., & Oliver, L. R. (2008). Confirmation 
and control of glyphosate-resistant Palmer amaranth, Amaranthus palmeri in Arkansas. Weed 
Technology, 22, 108–113.



C. T. Allen146

Norton, E. R., Hatch, T. B., McClure, M. A., & Andrade-Sanchez, P. (2012). Precision control of 
nematodes in Arizona cropping systems. In S. Boyd, M. Huffman, B. Robertson (Eds.), Pro-
ceedings of the beltwide cotton conference (pp. 259–266). Memphis: National Cotton Council.

NRC. (1981). Cotton boll weevil: An evaluation of USDA programs. A report prepared by the 
Committee on Cotton Insect Management of the National Research Council (p. 130). Washing-
ton, D.C.: National Academy Press.

Nuti, R. C., Dorner, J., Sorenson, R., & Lamb, M. (2007). Furrow diking for improved water use 
concerning preharvest aflatoxin contamination in peanut and corn. Proceedings of the 2006 
19th Annual Multicrop Aflatoxin/Fumonosin Elimination and Fungal Genomics Workshops 
(p. 91). Oct. 16–18, 2006.

Ottens, R. J., Ruberson, J. R., & Griffen, J. D. (2005). Stink bug population dynamics in South 
Georgia crop systems. In P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (pp. 1580–1593). Memphis: National Cotton Council.

Overstreet, C., & Kirkpatrick, T. L. (2011). Managing nematodes in the mid-South without Te-
mik®. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton 
conference (p. 216). Memphis: National Cotton Council.

Overstreet, C., Barbosa, R., Burns, D., Frazier, R. L., McGawley, E. C., Padgett, G. B., & Wolcott, 
M. C. (2011). Using electrical conductivity to determine nematode management zones in al-
luvial soils of the Mid-South. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of 
the beltwide cotton conference (pp. 252–258). Memphis: National Cotton Council.

Overstreet, C., McGawley, E. C., Burns, D., Frazier, R. L., & Barbosa, R. (2012). The influence of 
apparent electrical conductivity of soil on nematicides in cotton. In S. Boyd, M. Huffman, & 
B. Robertson (Eds.), Proceedings of the beltwide cotton conference (pp. 288–292). Memphis: 
National Cotton Council.

Owen, M. D. K. (2011). Weed resistance development and management in herbicide-tolerant 
crops: Experiences from the USA. Journal of Consumer Protection and Food Safety, 6, 85–89.

Palacharla, P. K., King, R. L., & Lawrence, G. W. (2012). Nematode detection service web ser-
vices for the nematode detection model based on the multi-temporal data of cotton. In Pro-
ceedings of the beltwide cotton conference (pp. 260–267). Memphis: National Cotton Council.

Parencia, C. R. Jr. (1978). One hundred twenty years of research on cotton insects in the United 
States. USDA Agricultural Handbook, 515, 75.

Parencia, C. R., Frimmer, T. R., & Hopkins, A. R. (1983). Insecticides for control of cotton insects. 
In R. L. Ridgway, E. P. Lloyd, & W. H. Cross (Eds.), Cotton insect management with special 
reference to the boll weevil (pp. 237–264). USDA-ARS Agricultural Handbook No. 589.

Park, D. L., Lee, L. S., Price, R. L., & Pohland, A. E. (1988). Review of the decontamination of 
aflatoxin by ammoniation: Current status and regulation. Journal of the Association of Official 
Analytical Chemists, 71, 685–703.

Parvin, D. W., Jr., Ferguson, W., & Yee, J. (1994). Value of cotton consultants. In D. J. Herber & 
D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 906–909). Memphis: 
National Cotton Council.

Perkins, J. H. (1980). The quest for innovation in agricultural entomology 1945–1978. In D. Pi-
mentel & J. H. Perkins (Eds.), Pest control: Cultural and environmental aspects (pp. 23–80). 
Boulder, U.S.A: Westview Press.

Perkins, J. H. (1983). The boll weevil in North America: Scientific conflicts over management of 
environmental resources. Agriculture Ecosystems and Environment, 10, 217–245.

Persley, G. J. (1996). Biotechnology and integrated pest management. Oxon, U.K: CAB Interna-
tional.

Phillips, M. W. (1850). Remarks on the cultivation of cotton. House of Representatives, Re-
port of the Commissioner of Patents for the Year 1850, Washington, DC, Exec Doc. No, 20, 
pp. 313–316.

Pimentel, D., Acquay, H., Biltonen, M., Rice, P., Silva, M. et al. (1992). Environmental and eco-
nomic costs of pesticide use. Bioscience, 42, 750–760.

Pitts, D. L., Braxton, W. M., & Mullins, J. W. 1999. Insect management strategies in Bollgard cot-
ton in the Southeast. In C. P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (pp. 961–965). Memphis: National Cotton Council.



5 Integrated Pest Management in the Southern United States of America 147

Plapp, F. W., McWhorter, G. M., & Vance, W. H. (1987). Monitoring for pyrethroid resistance in 
the tobacco budworm. In J. M. Brown & T. C. Nelson (Eds.), Proceedings of the beltwide cot-
ton conference (pp. 324–326). Memphis: National Cotton Council.

Porter, P., Cullen, E., Sappington, T., Schaafsma, A., Pueppke, S., Andow, D., Bradshaw, J., 
Buschman, L., Cardoza, Y. J., DiFonzo, C., French, B. W., Gassmann, A., Gray, M. E., Ham-
mond, R. B., Hibbard, B., Krupke, C. H., Lundgren, J. G., Ostlie, K. R., Shields, E., Spencer, J. 
L., Tooker, J. F., & Youngman, R. R. (2012). Report to EPA of the North Central Coordinating 
Committee NCCC46 and other Corn Entomologists. 5 March 2012, p. 7.

Post, G. B. (1924). Boll weevil control by airplane. Georgia State College of Agriculture Extension 
Division Bulletin, 301, 1–22.

Powles, S. B. (2008). Evolved glyphosate-resistant weeds around the world: Lessons to be learnt. 
Pest Management Science, 64, 360–365.

Price, A. J., Balkom, K. S., Culpepper, S. A., Kelton, J. A., Nichols, R. L., & Schomberg, H. 
(2011). Glyphosate-resistant Palmer amaranth: A threat to conservation tillage. Journal of Soil 
and Water Conservation, 66, 265–275.

Probst, C., Njapan, H., & Cotty, P. J. (2007). Outbreak of an acute aflatoxicosis in Kenya in 2004: 
Indication of the causal agent. Applied Environmental Microbiology, 73, 2762–2764.

Rainwater, C. F. (1952). Progress in research on cotton insects. USDA Yearbook of Agriculture, 
497–500.

Raper, R. L., Reeves, D. W., Burt, E. C., & Torbert, H. A. (1994). Conservation tillage and traffic 
effects on soil conditions. Transaction of the American Society of Agricultural Engineers, 37, 
763–768.

Rasmussen, P. E., & Collins, H. P. (1991). Long-term impacts of tillage, fertilizer, and crop residue 
on soil organic matter in temperate semi-arid regions. Advances in Agronomy, 45, 93–134.

Reed, J. T., & Grant, R. (1991). Cotton aphid: Control trends based on small plot insecticide tri-
als in Mississippi. In D. J. Herber & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (pp. 691–692). Memphis: National Cotton Council.

Reeves, D. W. (1994). Cover crops and rotations. In J. L. Hatfield & B. A. Stewart (Eds.), Crops 
residue management. Advances in soil science (pp. 125–172). Boca Raton.

Reeves, D. W. (1997). The role of soil organic matter in maintaining soil quality in continuous 
cropping systems. Soil and Tillage Research, 43, 131–167.

Ridgway, R. L., & Lloyd, E. P. (1983). Evolution of cotton insect management in the United States. 
In R. L. Ridgeway, E. P. Lloyd, & W. H. Cross (Eds.), Cotton insect management with special 
reference to the boll weevil (pp. 3–27). USDA-ARS Agricultural Handbook Number 589.

Ridgway, R. L., & Mussman, H. C. (2001). Integrating science and stakeholder inputs—The piv-
otal years. In W. A. Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, 
& F. A. Harris (Eds.), Boll weevil eradication in the United States through 1999 (pp. 55–76). 
Memphis: The Cotton Foundation (Reference Book Series No. 6).

Riley, H. C., Bleken, M. A., Abrahamsen, S., Bergjord, A. K., & Bakken, A. K. (2005). Effects 
of alternative tillage systems on soil quality and yield of spring cereals on silty clay loam and 
sandy loam soils in cool, wet climate of central Norway. Soil and Tillage Research, 80, 79–93.

Robens, J. (2008). Aflatoxin—recognition, understanding and control with particular emphasis on 
the role of the agricultural research service. Journal of Toxicology, Toxin Review, 27, 143–169.

Robens, J., & Cardwell, K. (2003). The cost of mycotoxin management in the USA: Management 
of aflatoxins in the United States. Journal of Toxicology, Toxin Review, 22, 139–152.

Robens, J., Huff, W., & Richards, J. (Eds.). (1990). A perspective on aflatoxin in field crops and 
animal feed products in the United States. Beltsville: ARS-83.USDA-ARS.

Roberts, P., Toews, M., All, J., Greene, J., Reay-Jones, F., Reed, T., Smith, R., & Freeman, B. 
(2012). Thrips management in the lower southeast. In S. Boyd, M. Huffman, & B. Robertson, 
(Eds.), Proceedings of the beltwide cotton conference (p. 953). Memphis: National Cotton 
Council.

Roof, M. E. (2001). Boll Weevil Eradication and Post Eradication in South Carolina. In W. A. 
Dickerson, A. L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), 



C. T. Allen148

Boll Weevil Eradication in the United States through 1999 (pp. 413–430). Memphis: The Cot-
ton Foundation (Reference Book Series No. 6).

Roof, M. E., & Bauer, P. J., (2002). Effects of variety, planting date and N levels on stink bug 
infestations in cotton. In J. McRay & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (p. 1). Memphis: National Cotton Council.

Ross, M. A., & Lambi, C. A. (1999). Applied weed science (2nd ed.). Upper Saddle River, U.S.A: 
Pearson Prentice Hall.

Roush, R. T., & Shelton, A. M. (1997). Assessing the odds: The emergence of resistance to Bt 
transgenic plants. Nature Biotechology, 15, 816–817.

Roussel, J. S., & Clower, D. F. (1955). Resistance to the chlorinated hydrocarbon insecticides in 
the Boll Weevil. Louisiana Agricultural Experiment Station Circular, 41, 9.

Russell, J. S., Adamczyk, J. J., Holloway, J. W., Pankey, J. H., Leonard, B. R., & Graves, J. B. 
(1998). Monitoring tarnished plant bug resistance to three classes of insecticides in northeast 
Louisiana. In C. P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton confer-
ence (p. 1260). Memphis: National Cotton Council.

Russell, T. E., Watson, T. F., & Ryan, G. F. (1976). Field accumulation of aflatoxin in cottonseed 
as influenced by irrigation termination dates and pink bollworm infestation. Applied Environ-
mental Microbiology, 31, 711–713.

Russell, T. E., Von Bretzel, P., & Easley, J. (1981). Harvesting method effects on aflatoxin levels 
in Arizona cottonseed. Phytopathology, 71, 359–362.

Ryan, G. E. (1970). Resistance of common groundsel to simazine and atrazine. Weed Science, 18, 
614–616.

Sandretto, C. (2001). Conservation Tillage Firmly Planted in U. S. agriculture. Agricultural Out-
look, March 2001. Washington, DC: USDA Economic Research Service.

Sawicki, R. M. (1989). Current insecticide management practices in cotton around the world—
short term successes as templates for the future. Pesticide Science, 26, 401–410.

Sawicki, R. M., & Denhlom, L. (1987). Management of resistance to pesticides in cotton pests. 
Tropical Pest Management, 33, 262–272.

Schönbrunn, E., Eschenburg, S., Shuttleworth, W. A., Schloss, J. V., Amrhein, N., Evans, J. N., & 
Kabsch, W. (2001). Interaction of the herbicide glyphosate and its target enzyme 5-enolpyru-
vylshikimate-3-phosphate synthase in atomic detail. Proceedings of the National Academy of 
Science U S A, 98, 1376–1380.

Schwab, E. B., Reeves, D. W., Burmester, C. H., & Raper, R. L. (2002). Conservation tillage sys-
tems for cotton in the Tennessee Valley. Soil Science Society of America Journal, 66, 569–577.

Scott, G. E., & Zummo, N. (1998). Sources of resistance in maize to kernel infection by Aspergil-
lus flavus in the field. Crop Science, 28, 505–507.

Shelton, A. M., Zhao, J. Z., & Roush, R. J. (2002). Economic, ecological, food safety and social 
consequences of the deployment of Bt transegenic plants. Annual Review of Entomology, 47, 
845–881.

Sherman, F. (1930). Results of airplane dusting in the control of cotton bollworm ( Heliothis obso-
leta Fab.). Journal Economic Entomology, 23, 810–813.

Showmaker, K., Lawrence, G. W., Lu, S., Balbalian, C., Klink, V. P., & Lawrence, K. S. (2012). 
Detection of Rotylenchus renniformis from soil with real-time quantitative (PCR). In S. Boyd, 
M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference (pp. 250–
255). Memphis: National Cotton Council.

Siders, K. T. (2011). Impact of Temik® 15G on the southern high plains of Texas. In S. Boyd, 
M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton conference (p. 215). 
Memphis: National Cotton Council.

Smart, J. R., & Bradford, J. M. (1999). Conservation tillage corn production for a semi-arid, sub-
tropical environment. Agronomy Journal, 91, 116–121.

Smith, D. T., Harris, M. K., & Liu, T.-X. (2002). Adoption of pest management practices by veg-
etable growers: A case study. American Entomologist, 48, 236–242.

Smith, G. L., Cleveland, T. C., & Clark, J. C. (1964). Cost of cotton insect control with insecticides 
at Tallulah, Louisiana. US Agriculture Service-ARS.No. 33–96, p. 7.



5 Integrated Pest Management in the Southern United States of America 149

Smith, L. E., Herrera, S. E., Burson, P. B., & Patton, L. W. (2012). In Status report of pink boll-
worm eradication in Texas. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the 
beltwide cotton conference (pp. 1181–1188). Memphis: National Cotton Council.

Smith, R. F. (1969). The new and the old in pest control. Proceedings of the Accademy Nazional 
dei Lincei, 366(138), 21–30. Rome. (1968).

Smith, R. F. (1970). Pesticides: Their use and limitations in pest management. In R. L. Rabb & F. 
E. Guthrie (Eds.), Concepts of pest management (pp. 103–111). Raleigh: North Carolina State 
University.

Smith, R. F. (1971). Economics of pest control. Proceedings of the Tall Timbers Conference on 
Ecological Animal Control by Habitat Management, 3, 53–83.

Smith, R. F., & Allen, W. W. (1954). Insect control and the balance of nature. Scientific American, 
190(6), 38–42.

Smith, R. F., & Reynolds, H. T. (1965). Principles definitions and scope of integrated pest control. 
In Proceedings of the FAO symposium on integrated pest control (Vol. 1, pp. 11–17).

Smith, R. F., & van den Bosch, R. (1967). Integrated Control. In W. W. Kilgore & R. L. Doutt 
(Eds.), Pest control—Biological, physical, and selected chemical methods (pp. 295–340). New 
York: Academic Press.

Smith, R. F., Apple, J. L., & Bottrell, D. G. (1976). The origins of integrated pest management 
concepts for agricultural crops. In J. L. Apple & R. F. Smith (Eds.), Integrated pest manage-
ment (pp. 1–16). New York: Plenum Press.

Smith, R. H. (1983). Economic impact of IPM. In J. M. Brown (Ed.), Proceedings of the beltwide 
cotton conference (pp. 231–234). Memphis: National Cotton Council.

Snodgrass, G. L., & Elzen, G. W. (1995). Insecticide resistance in a tarnished plant bug population 
in the Mississippi delta. Southwestern Entomologist, 20, 317–323.

Snodgrass, G. L., & Scott, W. P. (1996). Seasonal changes in pyrethroid resistance in tarnished 
plant bug populations in the Mississippi delta. In C. P. Dugger & D. A. Richter (Eds.), Pro-
ceedings of the beltwide cotton conference (pp. 777–779). Memphis: National Cotton Council.

Soule, A. M. (1921). Some factors affecting the economic production of cotton. Georgia State 
College of Agriculture Extension Division Bulletin, 247, 16.

Sparks, A. N., Norman, J. W., & Wolfenbarger, D. A. (1996). Efficacy of selected insecticides 
against the beet armyworm Spodoptera exigua—Field and laboratory evaluations. In C. P. 
Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 844–846). 
Memphis: National Cotton Council.

Sprenkel, R. K., & Austin, T. A. (1996). Beet armyworm update: Mid-south and southeast. In C. P. 
Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference (pp. 111–113). 
Memphis: National Cotton Council.

Stavinoha, K. D., & Woodward, L. A. (2001). Texas boll weevil history. In W. A. Dickerson, A. 
L. Brashear, J. T. Brumley, F. L. Carter, W. J. Grefenstette, & F. A. Harris (Eds.), Boll weevil 
eradication in the United States through 1999 (pp. 451–502). Memphis: The Cotton Founda-
tion. (Reference Book Series No. 6)

Steede, H. G., Layton, M. B., & Long, J. L. (2003). Seasonal occurrence of stink bugs and tar-
nished plant bugs in Mississippi cotton fields. In D. A. Richter (Ed.), Proceedings of the belt-
wide cotton conference (pp. 986–991). Memphis: National Cotton Council.

Steckel, L. (2012). The double edged sword of preemergence herbicides. In S. Boyd, M. Huffman, 
& B. Robertson (Eds.), Proceedings of the beltwide cotton conference (p. 1519). Memphis: 
National Cotton Council.

Steckel, L., Main, C. L., Ellis, A. T., & Mueller, T. C. (2008). Palmer amaranth ( Amaranthus 
palmi) in Tennessee has low level glyphosate resistance. Weed Technology, 22, 119–123.

Stern, V. M. (1969). Interplanting alfalfa in cotton to control Lygus bugs and other insect pests. In 
Proceedings of the Tall Timbers Conference on Ecological Animal Control by Habitat Manage-
ment (pp. 55–69). No. 1.

Stern, V. M., Smith, R., van den Bosch, R., & Hagen, K. (1959). The integration of chemical and 
biological control of the spotted alfalfa aphid: The integrated control concept. Hilgardia, 29, 
81–101.



C. T. Allen150

Stinner, B. R., & House, G. J. (1990). Arthropods and other invertebrates in conservation-tillage 
agriculture. Annual Review of Entomology, 35, 299–318.

Summy, K. R., Raulston, J. R., Spurgeon, D., & Vargas, J. (1996). An analysis of the beet army-
worm outbreak on cotton in the Lower Rio Grande Valley of Texas during the 1995 production 
season. In P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton conference 
(pp. 837–842). Memphis: National Cotton Council.

Tabashnik, B. E., & Gould, F. (2012). Delaying corn rootworm resistance in Bt corn. Journal of 
Economic Entomology, 105, 767–776.

Tabashnik, B. E., Gould, F., & Carrière, Y. (2004). Delaying evolution of insecticide resistance to 
transgenic crops by decreasing dominance and heritability. Journal of Evolutionary Biology, 
17, 904–912.

Tabashnik, B. E., Gassman, A. J., Crowder, D. W., & Carrière, Y. (2008). Insect resistance to Bt 
crops: Evidence versus theory. Nature Biotechnology, 26, 199–202.

Tabashnik, B. E., Van Rensburg, J. B. J., & Carrière, Y. (2009). Field-evolved insect resistance 
to Bt crops: Definition, theory and data. Journal of Economic Entomology, 102, 2011–2025.

Tabashnik, B. E., Carrière, Y., Dennehy, T. J., Morin, S., Sisterson, M. S., Roush, R. T., Shelton, A. 
M., & Zhao, J.-Z. (2010). Insect resistance to transgenic Bt crops: Lessons from the laboratory 
to the field. Journal of Economic Entomology, 96, 1031–1038.

Tatum, L. A. (1971). The southern leaf blight epidemic. Science, 171, 1113–1116.
Texas Department of Agriculture. (2012). Pesticide applicator records. Unpublished data provided 

by  Arkansas State Plant Board from their database.
Thomas, F. L. (1929). What does the future hold in store for the South? Journal of Economic 

Entomology, 22, 736–743.
Timmons, F. L. (2005). A history of weed control in the U. S. and Canada. Weed Science, 53, 

748–761.
Timper, P., & Holbrook, C. (2007). Getting to the root of nematode involvement in aflatoxin 

contamination of peanut. In Proceedings of the 2007 Annual Multi-crop Aflatoxin/Fumonosin 
Elimination and Fungal Genomics Workshops, October 22–24, 2007. Atlanta, GA. p. 31.

Townsend, C. H. T. (1895). Report on the Mexican cotton Boll Weevil in Texas. Insect Life, 7, 
295–309.

Trelogan, H. C. (1969). The Story of U. S. Agricultural Estimates. USDA Miscellaneous Publica-
tions, 1088, 137.

Truman, C. C., Reeves, D. W., Shaw, J. N., Motta, A. C., Burmester, C. H., Raper, R. L., & Schwab, 
E. B. (2003). Tillage impacts on soil property, runoff, and soil loss variations of a Rhodic 
Paleudult under simulated rainfall. Journal of Soil and Water Conservation, 58, 258–267.

Truman, C. C., Shaw, J. N., & Reeves, D. W. (2005). Tillage effects on rainfall partitioning and 
sediment yield from a ultisol in central Alabama. Journal of Soil and Water Conservation, 60, 
89–98.

Tumlinson, J. H., Hardee, D. D., Grueldner, R. C., Thompson, A. C., Hedin, P. A., & Minyard, J. 
P. (1969). Identification and synthesis of the four compounds comprising the Boll Weevil sex 
attractant. Science, 166, 1010–1012.

Tumlinson, J. H., Grueldner, R. C., Hardee, D. D., Thompson, A. C., Hedin, P. A., & Minyard, J. P. 
(1971). Identification and synthesis of four compounds comprising the boll weevil sex attract-
ant. Journal of Organic Chemistry, 36, 2616–2621.

Turnipseed, S., Sulivan, M. J., Hagerty, A., & Ridge, R. (2001). Cotton as a model IPM system in 
the Southeast: A dream or potential reality. In C. P. Dugger & D. A. Richter (Eds.), Proceed-
ings of the beltwide cotton conference (pp. 1009–1010). Memphis: National Cotton Council.

Ulstrup, A. J. (1972). The impact of southern corn leaf blight epidemics 1970–1971. Annual Re-
view of Phytopathology, 10, 37–50.

U. S. House Committee on Oversight and Government Reform. (2010). Are Superweeds an Out-
growth of USDA Biotech Policy US House Domestic Policy Hearings, House Oversight Com-
mittee. 28 July 2010. Washington, DC.



5 Integrated Pest Management in the Southern United States of America 151

van den Bosch, R., Falcon, L. A., Gonzales, D., Hagen, K. S., Leigh, T. F., & Stern, V. M. (1971). 
The developing program of integrated control of cotton pests in California. In C. B. Huffaker 
(Ed.), Biological control (pp. 377–394). New York: Plenum Press

Vanderzant, E. S., & Davich, T. B. (1958). Laboratory rearing of the boll weevil: A satisfactory 
larval diet and oviposition studies. Journal Economic Entomology, 51, 288–291.

Van Emden, H. F. (1991). The role of host plant resistance in pest management. Bulletin of Ento-
mology Research, 81, 123–126.

Wagner, F. (1999). Boll weevil. The handbook of Texas online. http://www.tsha.utexas.edu/hand-
book/online/.

Wagner, F. (1980). The boll weevil comes to Texas. Corpus Christi, TX: The Friends of the Corpus 
Christi Museum.

Walker, J. K. (1984). The Boll Weevil in Texas and the cultural strategy. Southwestern Entomolo-
gist, 9, 444–463.

Walker, J. K., & Niles, G. A. (1971). Population Dynamics of the boll weevil and modified cotton 
types. Texas A & M Agricultural Experiment Station Bulletin, 1109, 14.

Walker, J. K., Jr., Hightower, B. G., Hanna, R. L., & Martin, D. F. (1956). Control of boll weevils re-
sistant to chlorinated hydrocarbons. Texas Agricultural Experiment Station Progress Report 1902.

Ward, C. R., Huddleston, E. W., Owens, J. C., Hills, T. M., Richardson, G., & Ashdown, D. (1972).  
Control of the Banks grass mite attacking grain sorghum and corn in West Texas. Journal of 
Economic Entomology, 65, 523–528.

Wang, H.-M., Zhong, -X. L., Zhang, X.–L., Chen, W., Guo, X.-P., Nie, Y.-C., & Li, Y.-H. (2008). 
Mapping and quantitative trait loci analysis of verticillium wilt resistance genes in cotton. 
Journal of Integrative Plant Biology, 50, 172–182.

Ware, J. O. (1929). Cotton spacing. I. Studies of the effect on yield and earliness. Arkansas Agri-
cultural Experiment Station Bulletin, 230, 84.

Ware, J. O. (1930). Cotton spacing, II. effect of early blooming on earliness, fruit set and yield. 
Arkansas Agricultural Experiment Station Bulletin, 253, 64.

Warner, S. A. J., Scott, R., & Draper, J. (1992). Characterization of a wound-induced transcript 
from the monocot asparagus that shares similarity with a class of intracellular pathogenesis-
related (PR) proteins. Plant Molecular Biology, 19, 555–561.

Warren, D. C., & Williams, I. W. (1922). Results of Cotton Dusting Experiments for 1921, To-
gether with Summary of Dusting Results for the Past Three Years, with Recommendations for 
Cotton Dusting for the Coming Season. Georgia State Board of Entomology Bulletin, 62, 1–10.

Webster, T. M., & Nichols, R. L. (2012). Changes in the prevalence of weed species in the ma-
jor agronomic crops of the southern United States: 1994/1995–2008/2009. Weed Science, 60, 
145–157.

Webster, T. M., & Sosnoskie, L. M. (2010). Loss of glyphosate efficacy: A changing weed spec-
trum in Georgia cotton. Weed Science, 58, 73–79.

Wheeler, T. A., & Woodward, J. E. (2011). The effect of verticillium wilt on cotton cultivars in the 
Southern High Plains of Texas. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings 
of the beltwide cotton conference (pp. 293–305). Memphis: National Cotton Council.

Wheeler, T. A., Siders, K., & Anderson, M. (2012). Management of root-knot nematodes without 
Temik®. In S. Boyd, M. Huffman, & B. Robertson (Eds.), Proceedings of the beltwide cotton 
conference (pp. 325-328). Memphis: National Cotton Council.

Whitcomb, W. H. (1970). History of integrated control as practiced in the cotton fields of the south 
central United States. In Proceedings of the Tall Timbers Conference on Ecological Animal 
Control by Habitat Management (pp. 147–155). No. 2.

Wiatrack, P. J., Wright, D. L., Marois, J. J., & Wilson, D. (2005). Influence of planting date on afla-
toxin accumulation in Bt, non-Bt and tropical non-Bt hybrids. Agronomy Journal, 97, 440–445.

Wild, C. P., & Hall, A. J. (2000). Primary prevention of hepatocellular carcinoma in developing 
countries. Mutation Research, 462, 381–393.

Wild, C. P., & Turner, P. C. (2002). The toxicology of aflatoxins as a basis for public health deci-
sions. Mutagenesis, 17, 471–481.



C. T. Allen152

Williams, M. R., & Layton, M. B. (1996). Taken by storm: A report of the tobacco budworm prob-
lem in Mississippi. In C. P. Dugger & D. A. Richter (Eds.), Proceedings of the beltwide cotton 
conference (pp. 823–825). Memphis: National Cotton Council.

Williams, M. R. (1999–2012). Cotton insect losses. In Proceedings of the beltwide cotton confer-
ence. Memphis: National Cotton Council.

Williams, R. C. (1987). Fordson, Farmall and Poping Johnny: A history of the farm tractor and its 
impact on America. Urbana-Champaign, U.S.A: University of Illinois Press.

Williams, W. P., & Windham, G. L. (2012). Registration of Mp718 and Mp719 germplasm lines of 
maize. Journal of Plant Registrations, 6, 200–202.

Williams, W. P., Windham, G. L., Buckley, P. M., & Daves, C. A. (2002). Aflatoxin accumulation 
in conventional and transgenic corn hybrids infested with southwestern corn borer (Lepidop-
tera: Crambidae). Journal of Agricultural and Urban Entomology, 19, 227–236.

Williams, W. P., Windham, G. L., & Buckley, P. M. (2003). Enhancing maize germplasm and 
resistance to aflatoxin contamination. Toxin Review, 22, 175–223.

Williams, W. P., Windham, G. L., Buckley, P. M., & Perkins, J. M. (2004). Southwestern corn borer 
damage and aflatoxin accumulation in conventional and transgenic corn hybrids. Field Crops 
Research, 91, 329–336.

Wolfenbarger, L. L., Naranjo, S. E., Lundgren, J. G., Bitzer, R. J., & Watrud, L. S. (2008). Bt 
crops effects on functional guilds of non-target arthropods: A meta-analysis. PLoS One, e2118 
(doi:10.1371/journal.pone. 0002118).

Worsham, E. L. (1914). Crop Pest Law of Georgia and Regulations of the State Board of Entomol-
ogy. Georgia State Board of Entomology Bulletin, 37, 16.

Wu, F.,(2006). Mycotoxin reduction in Bt corn: Potential economic, health and regulatory impacts. 
Transgenic Research, 15, 277–289.

Young, B. G. (2006). Changes in herbicide use patterns and production practices resulting from 
glyphosate-resistant crops. Weed Technology, 21, 301–307.

Young, D. F. (1983). Symposium: A decade of extension cotton integrated pest management 1972–
1982. In J. M. Brown (Ed.), Proceedings of the beltwide cotton conference (p. 227). Memphis: 
National Cotton Council.

Yu, H.-L., Li, Y.-H., & Wu, K.-M. (2011). Risk assessment and ecological effects of transgenic 
Bacillus thuringiensis crops on non-target organisms. Journal of Integrative Plant Biology, 53, 
520–538.


	Part I
	North America
	Chapter 5
	Integrated Pest Management in the Southern United States of America: Changing Technology and Infrastructure—Implications for the Future
	5.1 Introduction
	5.2 Before Boll Weevil– Pre 1892
	5.3 Initial Boll Weevil Years—1892–1917
	5.4 Calcium Arsenate Era—1917–1945
	5.5 Synthetic Organic Insecticide Era—1945–1996
	5.5.1 Euphoria and the Crisis of Residues—1945–1955
	5.5.2 Confusion, Crisis of the Environment and Beginning of New Directions—1954–1972
	5.5.3 Changing Paradigms—1968–1996

	5.6 The Era of Genetically Modified Crops—1996 to Present
	5.6.1 Insect Resistant, Bt Transgenic Crops
	5.6.2 Nematodes and Thrips
	5.6.3 Innovations in Managing Mycotoxins and Plant Diseases
	5.6.3.1 Mycotoxins
	5.6.3.2 Verticillium Wilt
	5.6.3.3 Cotton Root Rot

	5.6.4 Herbicide Tolerant Crops

	5.7 World Agricultural Challenges and Status
	5.7.1 Challenges—World Population Growth
	5.7.2 Current Status—Genetically Modified Crops
	5.7.3 Changes in IPM Systems
	5.7.4 Impact of Changing IPM Systems on Infrastructure Supporting Crop Production

	5.8 The Future—Challenges and Consequences
	References 







