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CHAPTER I 

INTRODUCTION 

The cotton aphid. Aphis gossypii Glover, was first described by Townend Glover 

in 1876 (Palmer 1952). There are currentiy two accepted common names for A. gossypii; 

the cotton aphid and the melon aphid. This species is often considered taxonomically 

complex because distinguishing characteristics are very similar to several other species. 

Many synonyms have resulted because of these morphological similarities, and most 

identification keys are dependent on host plant information. A. gossypii is a complex and 

widely researched pest of interest to a wide range of producers and researchers. 

Life Cycle And Host Plants 

The hfe cycle of the cotton aphid in the Texas High Plains, as well as across most 

of the insect's range, is complex and not fuUy understood. Kring (1972) stated the 

following: 

The fascination of the aphid lies in part in its polymorphism. The 
variations of aphids are well known, for they alternate hosts with hosts, 
sexual with parthenogenetic forms, hibemating with aestivating forms, 
wingless with winged forms, and migrant with nonmigrant forms. And 
aU of this variation may sometimes occur within the annual cycle of a 
single species as it does in the melon aphid, Aphis gossypii. (p. 461) 

Most of these variations in the hfe cycle of Aphis gossypii are known to occur in the Texas 

High Plains, although several have not been adequately examined. 

The life cycle of the cotton aphid in the Texas High Plains is thought to consist 

solely of viviparous, parthenogenetic females (Slosser et al. 1989). A holocyclic stage (in 

which males are produced, sexual reproduction occurs, and eggs are deposited on a 

suitable host to overwinter) has been recorded in Connecticut where cotton aphids used 

Catalpa bignonioides Walt, (common catalpa) and Hibiscus syriacus L. (althea or rose of 

Sharon) as primary hosts (Kring 1959). O'Brien et al. (1990) collected four oviparous 
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(egg-laying) cotton aphids, two males and one alate female, from cotton regrowth at die 

Delta Branch Experiment Station in Stoneville, MS on 20 November 1988. These autiiors 

also reported the presence of a total of six males and eight oviparous females in the 

National Collection of Insects at BeltsviUe, MD These sexually reproducing cotton aphids 

were coUected on five dates ranging from 9 October to 15 December. They were coUected 

from four different host species including strawberry, sweet clover, rose of Sharon 

{Hibiscus siriacus L.) and Catalpa at four different sites including Greenbush, MA, 

Washington, D.C., Albuquerque, NM, and a greenhouse in Manhattan, KS All of these 

aphids were collected over a 20 year period from 1949 to 1969. One male A. gossypii was 

collected by a suction trap located near Parma, ID on 12 October 1987 (Halbert 1994, 

personal communication). The possibility of a holocychc stage has not been examined in 

the Texas High Plains. 

Kranz et al. (1977) reported that in the tropics, a single female may produce up to 

140 young at a rate of 2-9 per day. In the Texas High Plains, parthenogenetic females are 

capable of producing more than 80 nymphs per female and may become reproductively 

active in as few as four days, resulting in multiple, overlapping generations (Metcalf et al. 

1962, Slosser et al. 1989). As many as 51 generations per year have been recorded in 

Texas (Metcalf et al. 1962). Studies by Akey and Butler (1989) indicated an optimal 

developmental period of five days at 27.5°C and optimal fecundity of 2.85 nymphs per 

female per day at 25.0°C for apterous females collected from cotton near Phoenix, Ariz, 

and colonized in clip cages on cotton. Isley (1946) reported optimal development of 5.18 

nymphs per day at 28.0°C and optimal fecundity of 2.69 nymphs per female per day at 

20.0°C on cotton. When environmental conditions are favorable, cotton aphid populations 

may increase exponentially to alarming densities in short periods of time. 



Cotton aphids are extremely polyphagous, utiUzing at least 64 plant species 

including 20 genera (Palmer 1952, Slosser et al. 1989). They are known to transmit over 

50 plant viruses and have a distribution that is essentially world wide (Kranz et al. 1977, 

Blackman and Eastop 1984). Cotton aphids have been collected from 24 non-cultivated 

host plants representing 18 families in Mississippi (O'Brien et al. 1992). The majority of 

these host plants occurred while cotton was present. Cotton aphids were coUected from at 

least two of these host plants during every month of the year and overwintered on three 

species {Oenothera speciosa, Lamium amplexicaule, and Rumex spp.). A survey of cotton 

aphid host plants has not been performed in the Texas High Plains, but many of the 

documented hosts are common in this area. This information could be very useful in the 

development of effective cultural control tactics by identifying altemate host plants on 

which the cotton aphid may overwinter. 

Although cotton aphid population densities are typically greatest in the lower cotton 

canopy (Slosser et al. 1992b), aphids may not actuaUy select lower canopy leaves, but may 

simply remain on the same, or nearby leaf throughout their life span. Upper leaves, which 

are initially infested, become lower leaves as the plant grows and aphid populations 

increase (Slosser et al. 1992b). Part of this phenomenon may be due to the difference in 

leaf area between upper and lower plant canopies. The larger, lower canopy leaves may 

support more aphids than smaller, upper canopy leaves. Slosser et al. (1992a) observed 

that plant spacing influenced cotton aphid population density. Higher aphid population 

densities developed on widely spaced plants (0.5 plants per row foot). 

Aphids are relatively slow-moving animals and require a minimum of about 15 

minutes to penetrate into the phloem witii their rostra (Auclair 1963). Increasing cotton 

aphid populations are composed primarily of dark, apterous (wingless) morphs, unable to 

fly to a less crowded host (Kerns and Gaylor 1992c, Rosenheim et al. 1994). Therefore, 

the most advantageous course of action may be to remain in the vicinity of their birthplace 



until the leaf is no longer capable of providing tiieir nutritional requirements. Sampling 

techniques other than a number per leaf basis may be required to determine whether cotton 

aphids actuaUy prefer lower canopy sites. 

Cotton aphids seem to eiUier prefer, or survive better on pubescent than on glabrous 

cotton varieties. Harris et al. (1994) concluded that glabrous cotton varieties showed a 

significant reduction in number of cotton aphids (as much as 46% fewer aphids on certain 

varieties) when compared with pubescent cotton varieties. Weathersbee et al. (1994a) 

found that cotton aphid populations developed to higher densities on pubescent cotton 

genotypes. An untreated, pubescent isoline in plots near Stoneville, MS yielded about 125 

pounds of lint per acre less than the same isoline treated with an aphicide in 1993 

(Weathersbee et al. 1994b). The untreated, pubescent isoline also supported significantly 

greater aphid populations than the treated, pubescent isoline. Cotton aphids did not cause 

significant yield reductions in glabrous isolines, but glabrous isolines consistentiy yielded 

less than pubescent isolines. 

Cotton aphids exhibit a form of aestivation in the Texas High Plains. Small, yellow 

forms are observed under unfavorable (hot and dry) conditions during the summer. These 

forms may not grow or reproduce until conditions become more favorable (Kring 1959, 

Kranz et al. 1977). 

Both winged and wingless forms are common in the Texas High Plains. The exact 

cause of production of alate forms is not fully understood, but seems to be primarily 

associated with daylength (Slosser et al. 1989). Loxdale et al. (1993) stated that 

production of alates is "an environmentaUy-induced expression of genotype" (p. 305) and 

that not all winged forms actuaUy disperse. 

Although cotton aphid outbreaks in the Texas High Plains are believed to be aided 

by large influxes of aphids from more southerly locations, this has never been scientifically 

documented. Cotton aphids are very difficult to track over extended distances because they 



are so small. Aphid flights over great distances may not occur by choice. They may be 

carried unwUHngly by prevailing winds, and the exact impact of these immigrants into the 

Texas High Plains is unknown (Loxdale et al. 1993). An aphid's probabUity of survival 

decreases as distance traveled increases. Therefore, it is unlikely that they would purposely 

attempt long distance flights when suitable host plants are readily avaUable. 

Natural Enemies 

Factors that influence excessive cotton aphid population development are not well 

defined. Although many beneficial arthropods (including lady beetle adults and larvae, 

Hippodamia spp.; lacewing larvae, Chrysopa spp.; minute pirate bugs, Orius spp.; big-

eyed bugs, Geocoris spp.; and syrphid fly larvae, Syrphus spp.) prey on cotton aphids, 

predator populations typicaUy average less than one percent of aphid populations (Leser et 

al. 1992) and they fail to control aphids before economic damage occurs. The impact of 

this low predator population density in preventing cotton aphid infestations is unknown. 

Weathersbee and Hardee (1993) reported that predation and parasitism appeared important 

in slowing cotton aphid population growth early in the season and possibly instigating its 

reversal. Field populations of lacewing larvae, Chrysoperla camea, are negatively affected 

by non-specific predators, and release of lacewings at recommended rates for biological 

control of cotton aphids wiU probably faU to reduce aphid densities (Rosenheim and 

WUhoit 1993). An accurate estimate of the impact of namrally occurring insect predators 

on cotton aphid populations is essential in establishing accurate economic thresholds in the 

Texas High Plains. 

The naturally occurring entomopatiiogenic fungus, Neozygites fresenii 

(Nowakowski), was recognized as a major aphid population regulating factor and appeared 

to be the primary cause of die cotton aphid population "crash" in the Texas High Plains in 

1991 (Leser et al. 1992). Neozygites fresenii has been recorded from Aphis gossypii on 



several host plants, but was first reported infecting A. gossypii on cotton in 1989 in 

Arkansas (Steinkraus et al. 1991). O'Brien etal. (1993) observed tiiatA^.^^5^m7 was 

very effective in reducing cotton aphid population densities in Mississippi cotton in 1990, 

and was most effective in the lower canopy due to more favorable environmental 

conditions. Steinkraus et al. (1991) noted that this fungus killed aphids quickly, but was 

rapidly overtaken by saprophytic fungi which made Â. fresenii difficult to detect. Their 

observations indicated that cotton aphids were infected by secondary conidia while 

walking. Since cotton aphids typicaUy spend more time feeding than walking, tiiis metiiod 

of infection may not be effective untU late in the season. When cotton begins to senesce, 

aphids may begin to move more frequentiy, searching for adequate nutrient supplies. 

Unfortunately, this fungus is sporadic in occurrence, and usually appears late in the season 

after aphid densities have reached economically damaging levels. Attempts to grow tiiis 

pathogen under laboratory conditions have failed. 

Increased aphid population density may sometimes be a reaction to insecticides 

rather than a result of decreased predator population densities (Dunnam and Clark 1941, 

Slosser et al. 1989, Kems and Gaylor 1991, Rummel and Kidd 1994). Insecticide 

applications targeting other pests, such as the boUworm, Helicoverpa zea (Boddie), cause 

reductions in aphid predator populations, but effects of these predator reductions on aphid 

population density are unclear. A more accurate understanding of the influence of 

predators on cotton aphid population dynamics is needed to establish effective control 

tactics. 

Damage To Cotton 

The cotton aphid typically infests new growth and undersides of leaves in cotton 

{Gossypium hirsutum L.). Some aphids may ingest as much as 133% of their body weight 

per hour (Auclair 1963). At high population densities, cotton aphids are capable of 



decreasing cotton yields by piercing plant ceUs, injecting saliva, and sucking plant liquids 

from the phloem (Auclair 1963), thus reducing the nutrient stams of the plant. This 

process may cause downward curling of leaves, premature leaf drop, reduced 

photosynthetic activity, decreased plant vigor, and premature square or boll abscission in 

cotton (Davidson and Lyon 1987, Hardee and O'Brien 1993). 

Cotton aphids produce an anular secretion known as "honey dew." Honey dew is a 

mixture of water and sugars, usually including fructose, glucose, and sucrose (Auclair 

1963). The excretion of honeydew on cotton lint causes a condition known as "sticky 

cotton." Sticky cotton can cause problems during fiber processing by sticking to 

equipment and slowing processing (Carter 1992). Honeydew may make plants more 

attractive to pests such as the boUworm, Helicoverpa zea (Boddie) (Slosser et al. 1989). 

Fiber quality, including length, micronaire, uniformity, and strength, also may be 

negatively affected by cotton aphid infestations (Christian and Supak 1994). 

Economic Impact On Cotton Production 

Head (1993) reported that over six miUion acres of cotton in the United States were 

infested by the cotton aphid in 1989. Cotton aphid infestations exceeded economic 

thresholds in about 3.8 miUion acres, resulting in a loss of 65,805 bales (Head 1993). In 

1990, over 7.5 million acres were infested and aphid populations exceeded economic 

thresholds in 3.7 mUlion acres. This resulted in a loss of 95,286 bales (Head 1991). Head 

(1992) noted that aphids were estimated to have caused more insect related losses in cotton 

than any other pest in the United States in 1991. Over 10 mUhon of the 13 miUion acres 

harvested were classified as infested by aphids, resulting in a loss of more tiian 360,000 

bales. Losses in Texas alone accounted for more than 333,000 bales (Head 1992). 

In 1989, ca. 1.325 miUion acres in 20 counties in the Lubbock, TX area were 

infested, and infestations exceeded treatment thresholds in 1.126 million acres. These 



infestations resulted in a 1.99% yield reduction and a loss of 22,872 bales. In addition, 

producers treated infested cotton with an average of 1.3 insecticide applications per acre at a 

cost of $4.25 per acre (Head 1993). In this same 20-county area (Texas Agricultural 

Extension District Two) in 1990, an estimated 1.1 million acres were infested with cotton 

aphids. Infestations were above treatment thresholds in 750,000 acres, resulting in a loss 

of 7,500 bales. Producers averaged 0.3 insecticide applications per acre at a cost of $5.50 

per acre (Head 1991). In 1991, estimates indicated that every acre of cotton in the Texas 

High Plains (3.1 mUlion acres) was infested with cotton aphids and infestations exceeded 

treatment thresholds in 2.5 mUlion of these acres. These infestations resulted in an 

estimated yield reduction of 9.60% and a loss of 297,500 bales. High Plains cotton 

producers applied an average of 2.3 aphicide treatments at a cost of $7.80 per acre (Head 

1992). 

Resistance To Insecticides 

Cotton aphid resistance to the three most effective classes of insecticides has been 

reported throughout the insect's distribution. Lemon (1992) reported tiiat die cotton aphid 

is resistant to organophosphates in Greece, Turkey, South Africa, the United States, and 

China; carbamates in Turkey and South Africa; and pyrethroids in China and die United 

States. 

Resistance to insecticides that were previously effective in the Texas High Plains 

was confirmed in 1989 when higher rates were required to provide effective control (Allen 

et al. 1990, Leser et al. 1992). Insecticide resistance was detected in New Mexico in 1991 

(Ward et al. 1994). O'Brien and Graves (1992) found that cotton aphid resistance to the 

organophosphate insecticide chlorpyrifos remained stable following a 12-montii insecticide 

free period and tiiat resistant aphid populations had greater reproductive potential tiian 

nonresistant aphids. Kems and Gaylor (1992a) noted die cotton aphid's inconsistent 
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resistance to insecticides belonging to the same class and the varied levels of resistance 

from year to year. They suggested that multiple metabohc resistance mechanisms may be 

involved in cotton aphid insecticide resistance. A cotton aphid may always possess the 

abihty to develop resistance, but wiU only express this characteristic when it is induced. 

Synthetic pyrethroid insecticides are commonly used in the Texas High Plains to 

control boUworm infestations. Although they do not target die cotton aphid, most 

commonly used pyrethroids promoted increases in aphid population densities in 1991, 

1992 and 1993 (Leser 1994, Rummel and Kidd 1994). Aphid population densities tended 

to explode within two weeks of a pyrethroid application. Kems and Gaylor (1992b) found 

that cotton aphids did not avoid insecticide treated halves of cotton leaf disks, but exposure 

to insecticide did increase the amount of time they spent walking rather than feeding. 

McKenzie et al. (1994) found no difference in susceptibility of cotton aphids collected from 

fields treated with a carbamate or organophosphate insecticide and untreated fields. Aphids 

coUected from fields treated with a pyrethroid insecticide had shghtly reduced 

susceptibUity. Their results indicated that 1993 cotton aphid field populations were 

relatively susceptible to insecticides and carbofuran was highly toxic to cotton aphids when 

compared with other insecticides. Harris and Furr (1994) emphasized that few currentiy 

avaUable insecticides were effective on cotton aphids and the development of new aphicides 

was limited. 

Calcium arsenate was commonly used in the 1940s to control boll weevil, 

Anthonomus grandis Boheman, infestations. Dunnam and Clark (1941) found that cotton 

aphids caged on calcium arsenate treated plants multiplied more rapidly than those caged on 

untreated plants. They concluded that factors other than reduction of predator and parasite 

populations stimulated aphid reproduction following calcium arsenate treatments targeting 

the boll weevil. Ewing (1943) attributed premature leaf drop of 50-75%, and yield losses 

of 164 and 243 pounds of seed cotton per acre, to aphid injury in plots dusted with calcium 



arsenate. Slosser et al. (1989) reported that in the Texas High and RoUing Plains, the 

eUmination of natural enemies with pesticides did not appear to cause the initial population 

increase of cotton aphids. These authors suggested that leaf nitrogen and carbohydrate 

content, which can be altered by pesticides, may be highly influential on cotton aphid 

population density development. O'Brien et al. (1993) found that cotton aphid population 

increases consistentiy coincided with the onset of cotton bloom. Rosenheim et al. (1994) 

associated daylength and temperature to aphid morphs and outbreaks in California. Only 

dark forms, which are believed to have higher levels of insecticide resistance, developed to 

damaging densities. Kems and Gaylor (1991) found that sulprophos (an 

organophosphate) treated plots developed greater aphid numbers which could not be 

attributed to reduced predator populations. Kems and Gaylor (1992c) found no evidence 

of direct reproductive stimulation (hormoligosis) by sulprophos or cypermethrin (a 

pyrethroid) in a laboratory study using leaf discs and suspected some type of indirect 

stimulation (trophobiosis) was involved. The effects of insecticide applications on cotton 

aphid population development are very complex, involving both biotic and abiotic factors. 

Pest Status In The Texas High Plains 

The pest status of Aphis gossypii on cotton in the Texas High Plains seems to vary 

widely. The cotton aphid may be considered a fluctuating pest because it is a severe pest 

during years in which outbreaks occur (Leser et al. 1992) and a secondary pest in other 

years (Leser 1994). The cotton aphid is sometimes considered beneficial because it 

provides a food source for arthropods which prey on pests such as the boUworm, 

Helicoverpa zea (Boddie) (Leser 1994). Currentiy, there are no accurate methods of 

predicting the density to which aphid populations will develop. 
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The economic threshold for Aphis gossypii on Texas High Plains cotton has been 

set at 50 aphids per leaf. However, this is not intended to be a precise level at which 

producers should take action, but rather a warning of potential economic loss (Leser 1994). 

Producers and consultants are urged to take other factors, such as beneficial arthropod 

populations, insecticide efficacy, and potential resurgence of aphid populations, into 

account before applying an aphicide. 

Andrews and Kitten (1989) showed a highly significant correlation during boU set 

between aphid populations, measured in "aphid days," and yield. These authors defined an 

"aphid day" as one aphid infesting the leaf of interest for one day. Harris et al. (1992) used 

data from several tests, including tests in which pyrethroid insecticides were used to 

manipulate aphid populations, to develop a relationship between aphiddays and seed cotton 

yield. These authors noted that plants in cypermethrin (Ammo®) treated plots were 

visually shorter than those in untreated plots and had chlorotic leaves. They concluded that 

producers could experience substantial loss in seed cotton if aphid days exceeded 100 

during mid-season heavy fruit set, and that accumulation of as few as 40 aphid days could 

justify two aphicide applications. These conclusions were based on average 1990 cotton 

prices and insecticide expenses. 

Before 1975, widespread cotton aphid infestations were unknown in Texas High 

Plains cotton. However, aphid infestations on cotton have been common in the Texas 

High Plains since 1975 when heavy and uniform infestations first occurred throughout die 

area (Rummel 1975). Since 1975, infestations have been sporadic and unpredictable. 

Population densities as a whole consistentiy increased throughout the 1980s, and economic 

infestations were common late in the decade. Difficulty in controlling aphids and 

indications of insecticide resistance were noted during the 1989 season (Allen et al. 1990). 

In 1991, all cotton acreage in TAEX Extension District Two was reported infested, and 

infestations in over 80% of these acres exceeded treatment thresholds (Head 1992). Cotton 
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aphid populations began to buUd early in the season on seedling cotton and continued to 

increase until late August when the fungus, Neozygites fresenii, apparently caused a rapid 

reduction (Leser et al. 1992). Aphicide failures were common and some producers made 

as many as four insecticide applications targeting aphids (Leser et al. 1992). Dicrotophos 

(Bidrin®) was Uie only effective aphicide available and the local supply quickly 

diminished, leaving many producers with no altemative other than absorbing the loss. 

Leser (1994) suggested the foUowing cultural management techniques: plant early; 

plant a glabrous variety; plant a uniform stand of three to four plants per foot under dryland 

conditions and three to five plants per foot under irrigated conditions; avoid excessive 

nitrogen fertilization; use a crop rotation system in which cotton follows a high residue crop 

such as wheat or sorghum; and utilize minimum tillage strategies. Producers in the Texas 

High Plains are urged to minimize the use of any insecticides early in the growing season, 

altemate insecticide classes, and save the most effective aphicides for potential cotton aphid 

outbreaks (Leser 1994). 

Objectives 

Littie is known about the impact of predators on cotton aphid populations and there 

are no accurate methods of predicting cotton aphid infestations. Cotton aphid control 

tactics should be based on predator impact as weU as treatment expense, potential damage, 

and yield reduction. Pyrethroid insecticides are commonly used in the Texas High Plains 

to control boUworm populations and cotton aphid populations tend to increase rapidly 

following these applications. The cause of tiiese aphid population explosions is unclear 

and tiiese outbreaks might be easUy avoided if producers had a better understanding of die 

impact of pyrethroids on cotton aphid population development. The life cycle of die cotton 

aphid and die impact of influxes of aphids from more southeriy locations have not been 

dioroughly examined in the Texas High Plains. All of tiiis information could be vital in 
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estabUshing accurate treatment thresholds and control tactics for the cotton aphid on Texas 

High Plains cotton. Therefore, the foUowing research objectives were adopted: 

1. To investigate the impact of naturaUy occurring insect predators on cotton aphid 

populations in cotton. 

2. To investigate the impact of pyrethroid insecticide on the development of cotton 

aphid populations in cotton. 

3. To investigate the Ufe cycle, aerial movement, and population dynamics of the 

cotton aphid throughout the year, and to relate diese findings to field populations in the 

Texas High Plains. 

4. To accumulate information gatiiered from the first three objectives and apply 

these findings to management of the cotton aphid in Texas High Plains cotton. 
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CHAPTER II 

MATERIALS AND METHODS 

Predator Exclusion Cages 

To determine the impact of insect predators on cotton aphid populations, predator 

exclusion cages were placed over single cotton plants and aphid population densities were 

compared to those on single uncaged plants during the 1993 growing season. Wooden 

framed 27 square inch predator exclusion cages with removable lids were constmcted and 

covered with 32 x 32 Lumite® synthetic mesh screen. GSC 71-i- cotton was planted on 3 

June at the Texas Agricultural Experiment Station, Lubbock, Texas. Fourteen individual 

plants were selected for the test. Plants were spaced 20 feet apart in two adjacent 40 inch 

rows. Plant selection was based on plant hardiness, size, fruit-set, and the total number of 

aphids on the entire plant. UnusuaUy hardy or stunted plants, as weU as plants that lacked 

a natural aphid population, were not selected. Adjacent plants were removed from the three 

foot area on each side of the selected plants. Plot spacing was staggered to avoid alignment 

of the cleared areas. Initial inspections were made and the total number of aphids on entire 

plants was recorded. AU arthropods other than cotton aphids were removed from the plants 

prior to positioning the cages on 26 July. 

The experiment was arranged in a randomized block design consisting of two 

treatments and seven blocks. Plots were sampled on a weekly basis from 2 August 

through 24 September. The total number of aphids on one randomly selected fuU sized 

upper and middle leaf per plant was counted during each inspection. Predators, including 

lady beetie adults and larvae, Hippodamia spp.; lacewing larvae, Chrysopa spp.; minute 

pirate bugs, Orius spp.; and big-eyed bugs, Geocoris spp., were sampled weekly on the 

uncaged plants. Whole plant examinations of caged plants were made on each sample date 

and at least tiiree additional times per week. AU predacious arthropods that had gained 

14 



entry were removed. Cages were removed on 27 September. All plants were mapped and 

bolls were hand-harvested on 12 November. Bolls were ginned and individual plant yields 

were recorded. 

This experiment was expanded in 1994 to include the following eight treatments 

arranged in a randomized block design consisting of six blocks. (1) Uncaged control: 

Aphid and predator populations were allowed to develop undisturbed. This treatment was 

designed to reflect natural aphid pressure and tint production. (2) Caged control: This 

treatment consisted of caged plants from which predators were excluded. (3) Uncaged 

treated control: The aphid population density in this treatment was maintained at the lowest 

possible level throughout the duration of the experiment. When the aphid population 

density began to increase, aphids were physically removed from the plant or controUed 

with a mixture of dicrotophos (Bidrin®) at a rate of 0.25 lbs. Al per acre and M-Pede® at a 

rate of 1 qt. per acre. (4) Caged treated control: The aphid population density in this 

treatment was maintained at the lowest possible level throughout tiie duration of die 

experiment. When the aphid population density began to increase, aphids were physically 

removed from the plant or contt-oUed with a mixture of dicrotophos (Bidrin®) at a rate of 

0.25 lbs. Al per acre and M-Pede® at a rate of 1 qt. per acre. (5) Caged pyrethroid 

treated: This treatment consisted of caged plants from which predators were excluded. 

Cyhalothrin (Karate®) at a rate of 0.025 lbs. Al per acre was applied to this treattnent on 

26 July. (6) Uncaged pyrethroid treated: This treatment received one application of 

cyhalotiirin (Karate®) at a rate of 0.025 lbs. Al per acre on 26 July. (7) Caged predator 

access: This ti-eatment consisted of caged plants to which predators were allowed access 

through an opening around the lower portion of the cage. (8) Caged introduced predators: 

This treatment consisted of caged plants that received two introductions of five lady beetie 

larvae, Hippodamia spp. Lady beetie larvae were collected from naUirally occurring 

populations on cotton plants within the immediate area and introduced on 5 and 12 August. 
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AU-Tex Adas cotton was planted on 25 May at the Texas Agricultural Experiment 

Station, Lubbock, TX. Plants were selected on die same basis used in 1993 and all 

insecticides were applied with a backpack sprayer. A Campbell Scientific CRIO weatiier 

data logger was placed in the field on 27 July and used to monitor solar intensity and 

ambient temperature inside and outside cages for the duration of die experiment. Predator 

exclusion cages were set in place in the first three blocks on 25 July and in the last diree 

blocks on 26 July. Initial cotton aphid counts were made on a whole plant basis and all 

predaceous ardiropods were removed prior to setting cages in place. Additional cotton 

aphids, collected from bordering plants, were introduced onto plants that had significantiy 

lower starting counts. Plots were sampled seven times on a weekly basis from 1 August 

through 16 September. The total number of aphids on one upper, middle and lower leaf of 

each plant was counted on each sample date. Sample size was reduced to two leaves per 

plant on 9 September due to excessive leaf drop in caged pyrethroid treated and caged 

control treatments. Treated control treatments received insecticide applications on 3 and 10 

August Insect predator populations were monitored on uncaged plants by counting the 

total number of selected predators on the entire plant. Predators monitored included lady 

beetle adults and larvae, Hippodamia spp.; lacewing larvae, Chrysopa spp.; minute pirate 

bugs, Orius spp.; big-eyed bugs, Geocoris spp.; and syrphid fly larvae, Syrphus spp. 

Cages were removed on 27 September. AU plants were mapped and bolls were 

progressively hand-harvested on five dates from 1 November through 22 November. The 

purpose of this intermittent harvest was to prevent loss of lint due to damp weadier 

conditions. Specific boll positions and seed cotton weights were recorded. Bolls were 

ginned and individual plant yields were recorded. 

Fiber quality, including micronaire, length, uniformity, and strengtii, was 

determined by analysis of sub-samples of each treatment in 1993 and 1994. All fiber 

quality and boll position data were evaluated on an observational basis. Cotton lint yield 
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and aphid and predator population density data were subjected to analysis of variance, and 

means were separated using Duncan's multiple range test in 1993. Because of missing 

data, yield and aphid population density means were separated with the least significant 

difference test in 1994 (SAS Institute 1985). 

Impact Of Pyrethroid Insecticide 

To determine the impact of a pyrethroid insecticide on cotton aphid population 

development, cotton plots treated with two applications of cyhalothrin (Karate®) at a rate of 

0.025 lbs. Al per acre were compared to plots receiving one application of cyhalothrin and 

to untreated cotton during the 1993 growing season. This experiment was expanded in 

1994 to include plots of cotton treated once with dicrotophos (Bidrin®) at a rate of 0.1 lbs. 

Al. per acre. Cyhalothrin applications were timed to simulate producer's treatment(s) for 

boUworm infestations and the dicrotophos application targeted beneficial arthropods. 

Cyhalothrin was applied in the two application treatments on 22 and 30 July 1993 and on 

11 and 20 July in 1994. Single apphcation treatment plots were sprayed with cyhalothrin 

on 30 July 1993 and on 20 July 1994. The dicrotophos treatment received a single 

application on 27 July 1994. AU insecticides were applied with a CO2 powered, two row 

boom sprayer equipped with drops. 

Experiments were arranged in randomized block designs consisting of six blocks in 

both years. Cotton cultivars used in tiiese experiments were GSC 71+ and AU-Tex Adas, 

planted at the Texas Agricultural Experiment Station, Lubbock, TX, on 3 June 1993 and 25 

May 1994, respectively. Stand densities were thinned to three plants per foot on 29 June 

1993 and 15 June 1994. Plots were four rows wide by 20 feet long in 1993 and four rows 

by 25 feet long in 1994. Treattnent plots were separated by a four row buffer. The total 

number of aphids in the terminal area and one full sized upper and middle leaf of ten 

randomly selected plants in each plot was counted on a weekly basis. The terminal area 
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was defined as the area above the smallest fully opened leaf in the terminal region of the 

plant. The sampling scheme was changed in 1994 to include sampling only tiie smaUest 

fully opened leaf in die terminal region of die plant. Sample size was reduced to two leaves 

on five randomly selected plants per plot when aphid population density substantially 

increased. 

Whole plant examinations were made and insect predator populations were 

monitored by counting the total number of selected predators on each of the plants sampled. 

Insect predators monitored included: lady beetle adults and larvae, Hippodamia spp.; 

lacewing larvae, Chrysopa spp.; minute pirate bugs, Orius spp.; and big-eyed bugs, 

Geocoris spp in 1993 with the addition of syrphid fly larvae, Syrphus spp. in 1994. 

Plots were sampled on a weekly basis from 19 July through 23 August 1993 and 

from 29 June through 22 August 1994. Two center rows of each plot were machine 

harvested for yield analysis on 3 October 1993 and 13 December 1994. Data were 

subjected to analysis of variance and means were separated using Duncan's multiple range 

test (SAS Institute 1985). Fiber quality, including micronaire, length, uniformity, and 

strength, was determined by analysis of sub-samples of each treatment and results were 

evaluated on an observational basis. 

Aerial Cotton Aphid Populations 

Aerial cotton aphid populations were monitored by means of an Allison - Pike® 

insect suction trap located at the Texas Agricultural Experiment Station, Lubbock, TX in 

1989, 1992, 1993 and 1994. Specimens were captured in pint jars containing a mixture of 

ethylene glycol and either ethanol or water. Samples were collected on a weekly basis 

except on six dates when two-week samples were collected. These dates were 11 

September 1992, 21 October 1992, 4 November 1992, 17 November 1992, 1 December 

1992, and 1 December 1994. The number of cotton aphids collected on each of tiiese dates 
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was halved in order to provide a more vaUd graphical representation. Samples were 

collected from June through October in 1989, April through December in 1992 and 1993, 

and from March through December in 1994. AU aphids were extracted from these samples, 

counted, and stored in 70% ethanol. Cotton aphids were then separated from other species 

and counted. Identification of some aphids which were in very poor condition were 

projected based on identifiable aphids within the same sample. Voucher specimens will be 

placed in the Texas Tech University Entomology Museum. Dr. Pat Morrison (Texas 

Agricultural Extension Service, Lubbock, TX) supphed data from 1989 samples which 

were identified by Dr. Susan Halbert (University of Idaho R & E Center, Aberdeen, ID). 
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CHAPTER m 

RESULTS AND DISCUSSION 

Predator Exclusion Cages 

1993 

Cotton aphid population development on plants in predator exclusion cages and on 

uncaged plants is shown in Figure 3.1. Initial counts were made on 26 July when plants 

were selected and cages set in place. Caged plants averaged 29.4 aphids per plant, and 

uncaged plants averaged 30.7 aphids per plant. Differences were statistically significant on 

all dates following the 2 August inspection (P<0.05, DNMRT). Caged plants averaged 

16.86 aphids per leaf on 2 August, and quickly increased to 635.38 aphids per leaf on 13 

August and 1470.24 aphids per leaf on 19 August. Cotton aphid population density 

peaked at 1677.15 aphids per leaf on 3 September, then decUned and appeared to level off 

at 839.64 aphids per leaf on 24 September when inspections were terminated. This decline 

appeared to be a consequence of cotton aphid populations exceeding the carrying capacity 

of the plants. 

Cotton aphid populations on uncaged plants increased initially to a peak of 34.33 

aphids per leaf on 13 August Aphid numbers then declined to 2.81 aphids per leaf on 19 

August and remained below this level for the duration of the experiment. The low aphid 

population density on uncaged plants was attributed to the impact of predacious arthropods. 

Population density of selected beneficial arthropods on uncaged plants is shown in 

Figure 3.2. Although no predators were detected on 26 July, populations increased to 3.0 

beneficial arthropods per plant on 13 August. This increase coincided with increasing 

aphid populations. Predator populations reached a peak of 8.0 per plant on 26 August and 

declined to less than one per plant on the final sample date (24 September). The increase 
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Figure 3.1. Cotton aphid populations on cotton plants in predator exclusion cages and on 
uncaged cotton plants. Lubbock, Texas, 1993. 
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Date 
Figure 3.2. Mean number of selected beneficial arthropods on uncaged cotton plants. 
Lubbock, Texas, 1993. Beneficial arthropods sampled: lady beetles,///ppo^mm spp.; 
lacewing larvae, Chrysopa spp.; minute pirate bugs, Orius spp.; and big-eyed bugs, 
Geocoris spp. 
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and decline of predator populations appeared to be a direct response to tiie increase and 

decline of aphid populations. 

High aphid population densities on plants in predator exclusion cages had a 

significant negative impact on cotton lint yield (P<0.05, DNMRT). Uncaged plants 

produced an average of 24.8 grams of tint per plant and caged plants produced an average 

of 2.2 grams of Unt per plant (Table 3.1). Compared to uncaged plants, caged plants set 

less fruit and shed a considerable number of squares, bolls, and leaves. Caged plants were 

notably shorter and less vigorous than uncaged plants (Figure 3.3). Decreased yield and 

altered growth and development of caged plants were attributed to the impact of high cotton 

aphid population densities due to the exclusion of beneficial arthropods. 

Fiber quality was negatively impacted by high aphid numbers on plants in predator 

exclusion cages (Table 3.2). Fiber strength of tint from caged plants was 17.00 grams per 

tex, compared to 27.75 grams per tex from uncaged plants. Micronaire of caged plants 

was 2.23, and uncaged plants was 3.60. Fiber uniformity and length of lint from caged 

plants were also numericaUy less than those from uncaged plants. Reduced quality of fiber 

from caged plants was proportional to aphid infestations, and was attributed to the effects 

of cotton aphids on cotton plant development. High aphid numbers appeared to cause 

plants to abort some early squares and bolls, and slowed the development of bolls, 

resulting in immature, low quality fiber. 

1994 

Cotton aphid population development on plants in the 1994 predator exclusion cage 

test is shown in Figure 3.4. AU aphids were removed from treated control treatment plants 

prior to setting the cages in place. Initial inspections were made on 26 July, and additional 

cotton aphids were introduced onto plants tiiat had significantiy lower starting counts. 

Starting counts of each treatment ranged from a mean of 11.67 to 36.33 aphids per plant, 
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Table 3.1. Cotton tint yield from plants in predator exclusion cages and uncaged plants 
exposed to field environment. Lubbock, Texas, 1993. 

Treatment Mean grams lint/plant ^ 

caged 

uncaged 

2.2 a 

24.8 b 
^Means foUowed by the same letter are not significantiy different (P<0.05, DNMRT) 

Table 3.2. Fiber quality analysis means from caged and uncaged control plants. 
Lubbock, Texas, 1993. 

Treatment 

caged 

uncaged 

Length 
(in.) 

0.948 

0.992 

Sample 

Micronaire 

2.23 

3.60 

Mean ^ 

Uniformity 
Ratio 

0.693 

0.820 

Strength 
(g/tex) 

17.00 

27.75 

iMean of three sub-samples. 
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(a) 

(b) 

Figure 3.3. A caged plant to which predators were denied access (a), and an uncaged plant 
exposed to field environment (b). Lubbock, Texas, 12 November 1993. 
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Date 
Figure 3.4. Mean number of cotton aphids per leaf on caged and uncaged cotton plants 
exposed to various treatments. Lubbock, Texas, 1994. 
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and averaged 21.31 aphids per plant. No significant differences in aphid populations were 

detected prior to 9 August, when aphid numbers on caged pyrethroid treated plants were 

significantiy greater than those of the caged introduced predator treatment (P<0.05, LSD). 

Aphid numbers in the caged control treatment and the caged pyrethroid treated treatment 

were significantiy greater than aU other treatment means from 31 August through 9 

September. No other treatments were sampled on 16 September. 

Aphid populations on caged and uncaged pyretiiroid treated plants began to increase 

rapidly, following the cyhalothrin application on 26 July. The initial increases of aphid 

numbers in these two treatments were very similar, and they appeared to be highly 

influenced by cyhalothrin. Aphid numbers on uncaged pyrethroid treated plants exceeded 

152 per leaf on 9 August, and peaked at 200 per leaf on 16 August. This population 

quickly decUned to less than six aphids per leaf on 23 August, and remained below this 

level for the duration of the experiment. Aphid populations on caged pyrethroid treated 

plants increased faster and reached higher numbers than those of all other treatments. More 

than 194 aphids per leaf were present on 9 August, and the highest population density was 

recorded on 31 August, when aphid numbers exceeded 1156 per leaf. The aphid 

population appeared to be in excess of the carrying capacity of die plants, and declined to 

725 aphids per leaf on 9 September. Over 467 aphids per leaf were present when 

inspections were terminated on 16 September. Other tiian abiotic factors, the carrying 

capacity of the plants appeared to be the only factor controlling the development of tiiis 

aphid population. 

Inspections of caged and uncaged control plants on 1 August detected 3.87 and 

3.89 aphids per leaf, respectively. However, these numbers grew apart quickly. Aphid 

populations on uncaged plants increased graduaUy to a peak of 171 aphids per leaf on 16 

August. On this date, caged conttol plants averaged more than 280 aphids per leaf. The 

following week, only ten aphids per leaf were present on uncaged plants, while caged 
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plants supported more than 594 per leaf. Uncaged aphid populations remained below two 

per leaf until inspections were terminated. Caged aphid populations continued to increase 

to a peak of 949 per leaf on 31 August, and more tiian 611 per leaf were present when 

inspections were terminated on 16 September. Though the cage may have had some effect 

on aphid population development, tiiis difference in numbers was primarily attributed to the 

impact of beneficial arthropods. 

Development of aphid populations on plants in predator access cages was similar to 

those on uncaged control plants, though they peaked at only 82 aphids per leaf on 16 

August This difference of 89 aphids per leaf was not significantiy different from 

populations on uncaged contt-ol plants. Aphid population density was beheved to be held at 

a lower level on plants in predator access cages because of the inabihty of predators to find 

their way out through the opening in the lower portion of the cage. Predators appeared to 

move in an upward direction when attempting to exit the cages, and were therefore 

confined to specific plants for an extended period of time. Aphid numbers decreased to 

four per leaf on 23 August and remained below this level until inspections were terminated. 

Inspections detected 19.5 aphids per leaf on plants in the caged introduced 

predators treatment, prior to introduction of the first five lady beetle larvae on 5 August. 

Aphid population density increased slightiy to a peak of 25 aphids per leaf on 9 August. 

Five additional lady beetle larvae were introduced on 12 August, and aphid numbers 

decreased to 20.5 per leaf on 16 August. Aphid numbers decreased to five per leaf on 23 

August, and remained below this level until inspections were terminated. Though the 

number of predators introduced was considered unusually high given die existing aphid 

population density, lady beetle larvae effectively reduced aphid numbers and held tiiem at 

sub-economic levels. 

Population density of selected beneficial arthropods, shown in Figure 3.5, was 

monitored in the uncaged control, caged predator access, and uncaged pyrethroid treated 
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Figure 3.5. Mean number of selected beneficial arthropods on caged and uncaged plants 
exposed to various treattnents. Lubbock, Texas, 1994. Beneficial ardiropods sampled: 
lady beetles, Hippodamia spp.; lacewing larvae, Chrysopa spp.; minute pirate bugs, Orius 
spp.; big-eyed bugs, Geocoris spp.; and syrphid fly larvae, Syrphus spp. 
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treatments. A statistical difference was detected on only one date, 31 August, when 

significantiy more beneficial ardiropods were present on plants in predator access cages 

than on plants in otiier ti-eatments (P<0.05, DNMRT). Lady beetle populations were 

monitored in the caged introduced predators treatment, but these data were excluded from 

the statistical analysis. 

The first introduction of five lady beetie larvae was on 5 August, when an average 

of 19.5 aphids per leaf were present. Though aphid numbers increased to 25 per leaf, only 

two lady beetles per plant were found on 9 August. This lady beetie population was 

primarily composed of pupae. On 12 August, five additional larvae were introduced. An 

average of 4.67 larvae per plant were present on 16 August, when aphid numbers averaged 

20.5 per leaf. These lady beetles were primarily larvae, but aU developmental stages were 

present on this date. The peak lady beetie population of 7.67 per plant was detected on 23 

August, when only five aphids per leaf remained. Lady beetle numbers gradually declined 

to an average of two per plant on the final sample date. 

The peak aphid population was recorded four days after the initial lady beetie 

introduction, and these lady beetles were primarily non-feeding pupae. Lady beeties did 

not effectively reduce aphid populations untU all developmental stages were present It 

appeared that either multiple introductions, or an introduction of lady beetles in more tiian 

one developmental stage would be most effective in reducing aphid population density. 

Uncaged pyrethroid treated plants received an application of cyhalothrin on 26 July, 

and no predators were detected on these plants untU 9 August, when they averaged 0.5 per 

plant. Predator population density increased to a peak of 6.33 per plant on 16 August 

before decUning to 1.67 per plant on 23 August. A slight increase was noted on 31 

August, before numbers decreased to 0.33 predators per plant on 9 September. The initial 

lack of predators appeared to be due to the residual activity of cyhalotiirin. In absence of a 

significant predator population, aphid numbers increased quickly. Predators appeared to 
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move back to tiiese plants and controlled the aphid infestation when tiie residual activity of 

cyhalothrin had dissipated. 

Predator populations on uncaged control plants averaged 0.33 per plant on 1 and 5 

August. Numbers increased sUghtiy to 0.50 predators per plant on 9 August and peaked at 

8.50 per plant on 16 August, before declining to 1.67 per plant on 23 August. A sUght 

increase was noted on 31 August, and numbers decreased to 0.83 per plant on 9 

September. 

Average predator population density on plants in predator access cages remained at 

0.17 per plant untU 9 August, when inspections detected 0.50 predators per plant. On 16 

August, the number of predators on these plants peaked at 8.83 per plant, before dropping 

to 2.50 per plant on 23 August As on uncaged pyrethroid treated plants and uncaged 

conttol plants, an increase in predator population was noted on 31 August. However, the 

number of predators on plants in predator access cages increased significantiy on this date 

to 5.50 per plant. The number of predators per plant decreased to 1.33 per plant on 9 

September. 

Predator populations in all treatments appeared to be dependent upon aphid 

populations and foUowed fluctuations in aphid population densities. Both aphid and 

predator numbers peaked in all three tteatments on 16 August. Lady beeties, which 

comprised approximately 80% of the predators found, appeared to be primarily responsible 

for these fluctuations. Increases in predator numbers on 31 August appeared to be the 

result of increased reproductive activity during the week of 16 August. Lady beeties 

present on 16 August were primarily in die larval stage. Given the relatively high 

temperature and low humidity in late August, lady beetle larvae present on 16 August could 

have reached the adult stage by 23 August. Because of the reduced aphid populations 

present at tiiat time, the majority of tiiese adults probably dispersed in search of prey. 

However, some of these adult lady beetles may have mated and deposited eggs prior to 
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dispersal. These eggs would have hatched during the foUowing week, resulting in the 

increased predator population density on 31 August In predator access cages, the inabUity 

of predators to disperse resulted in a higher number of predators on die last tiiree sample 

dates. 

Cotton lint yields from plants in the predator exclusion cage test are shown in Table 

3.3. These results concur witii plant map data. Caged treated conttol plants were taller, 

had more nodes, and set more first and third position bolls than other plants (Table 3.4). 

Uncaged tteated control plants set die highest total number of boUs, and the most second 

position bolls. Uncaged treated control plants produced an average of 24.60 grams of lint, 

which was more than that of all other tteatments. Yields of caged pyrethroid treated and 

caged control plants were significantiy less than all other treatments (P<0.05, LSD). These 

plants produced the lowest number of bolls in all positions, and averaged only 4.85 and 

6.22 grams of lint per plant, respectively. Caged control plants produced an average of 

9.88 grams less than uncaged control plants, and 18.38 grams less than uncaged treated 

control plants. Yields of all plants were inversely proportional to the seasonal mean 

number of aphids per leaf (Figure 3.6), and reduced lint production was attributed to the 

effects of aphid infestations. 

Micronaire and uniformity appeared to be negatively affected by high aphid 

numbers on caged pyrethroid treated and caged conttol plants (Table 3.5). Micronaire 

averaged 2.20 and 2.70, respectively, compared to a combined average micronaire of 4.52 

in all other plants. Uniformity ratio of caged pyrethroid tteated plants averaged 0.810, and 

caged control plants averaged 0.815. Plants in otiier treatments averaged from 0.827 to 

0.850. However, strengtii appeared to increase with aphid numbers. Lint from caged 

pyretiiroid tteated plants and caged control plants averaged 38.00 and 34.75 grams per tex, 

respectively, compared to a combined average sttengtii of 28.83 grams per tex in all other 

tteatments. The unusually high strength may have been an insttument anomaly caused by 
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Table 3.3. Cotton lint yield from caged and uncaged plants receiving various treatments. 
Lubbock, Texas, 1994. 

Treattnent Mean grams lint/plant ^ 

uncaged treated control 1 24.60 a 

caged introduced predators 2 23.87 a b 

caged treated conttol 1 21.68 a b c 

caged predator access ^ 18.98 a b c 

uncaged pyrethroid tteated 4 17.53 b e 

uncaged control 16.10 c 

caged control 6.22 d 

caged pyrethroid treated "̂  4.85 d 
^Treated with dicrotophos (Bidrin®) @ 0.25 lbs. Al per acre plus M-Pede @ 1.0 qt. per 
acre on 8/3 and 8/10. 
^Five lady beetle larvae, Hippodamia spp., were introduced on 8/5 and 8/12. 
^Caged plants to which predators had access. 
^Treated witii cyhalothrin (Karate®) @ 0.025 lbs. Al per acre on 7/26. 
^Means followed by the same letter are not significantiy different (P<0.05, DNMRT). 
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Table 3.4. Mean plant growth characteristics from caged and uncaged plants exposed to 
various treatments. Lubbock, Texas, 1994. 

Treatment ^ 

uncaged treated control ̂  

caged tteated control ̂  

caged introduced predators ̂  

caged predator access ̂  

uncaged pyrethroid treated ̂  

uncaged control 

caged conttol 

caged pyrethroid treated ^ 

Height 

24.38 

27.10 

26.38 

24.13 

22.38 

22.13 

24.80 

25.42 

Nodes 

19.83 

21.00 

20.50 

19.67 

19.17 

18.17 

20.00 

19.83 

Mean per plant 

Number 
of bolls 

12.17 

11.20 

11.17 

9.67 

8.67 

7.83 

4.80 

4.50 

1st 

8.00 

8.40 

7.67 

6.50 

6.33 

6.33 

4.60 

4.00 

Boll position 
2nd 3rd+ 

3.17 

1.80 

2.67 

2.33 

2.00 

1.50 

0.20 

0.50 

0.83 

1.00 

0.83 

0.83 

0.17 

0.00 

0.00 

0.00 

Veg 

0.17 

0.00 

0.00 

0.00 

0.17 

0.00 

0.00 

0.00 

1 Arranged in descending order of total number of bolls. 
^Treated with dicrotophos (Bidrin®) @ 0.25 lbs. Al per acre plus M-Pede @ 1.0 qt. per 
acre on 8/3 and 8/10. 
3Five lady beetle larvae, Hippodamia spp., were introduced on 8/5 and 8/12. 
'̂ Caged plants to which predators had access. 
^Treated witii cyhalothrin (Karate®) @ 0.025 lbs. Al per acre on 7/26. 

34 



1994^—1994 1994 
CC UC UPT 

Treatment 

1993 
UC 

Figure 3.6. Seasonal mean number of aphids per leaf and cotton lint yield from caged and 
uncaged plants exposed to various treatments. Lubbock, Texas, 1993 and 1994. CC = 
caged control; CPT = caged pyrethroid treated; UC = uncaged conttol; UPT = uncaged 
pyrethroid treated; CPA = caged predator access; CTC = caged treated conttol; CIP = caged 
introduced predators; UTC = uncaged treated conttol. 
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Table 3.5. Fiber quality analysis means from caged and uncaged plants receiving various 
treatments. Lubbock, Texas, 1994. 

Treatment 

uncaged treated control ̂  

caged introduced predators ^ 

caged tteated control ̂  

caged predator access ̂  

uncaged pyrethroid treated ^ 

uncaged control 

caged conttol 

caged pyrethroid tteated ^ 

Length 

(in.) 

1.042 

1.104 

1.135 

1.083 

0.990 

1.063 

1.156 

0.938 

Sample 

Micronaire 

4.57 

3.93 

4.63 

4.40 

4.67 

4.93 

2.70 

2.20 

Mean ^ 

Uniformity 

Ratio 

0.850 

0.847 

0.833 

0.833 

0.827 

0.827 

0.815 

0.810 

Sttengtii 

(g/tex) 

29.00 

33.00 

26.33 

29.33 

28.00 

27.33 

34.75 

38.00 

iMean of three sub-samples. 
2Treated with dicrotophos (Bidrin®) @ 0.25 lbs. Al per acre plus M-Pede @ 1.0 qt. per 
acre on 8/3 and 8/10. 
^Five lady beetle larvae, Hippodamia spp., were introduced on 8/5 and 8/12. 
^Caged plants to which predators had access. 
^Treated witii cyhalothrin (Karate®) @ 0.025 lbs. Al per acre on 7/26. 
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tiie low micronaire, which results in decreased cellulose and increased primary wall in the 

fiber. 

The average daUy temperature inside cages was approximately 0.76°C higher than 

the temperature outside cages (Figure 3.7). This could have caused an increase in caged 

plant development, but such an increase was not observed. The lack of an increase in plant 

development may have been due to reduced solar radiation inside cages (Figure 3.8). 

Caged plants received an average of 6.64 megajoules per square meter per day less than 

uncaged plants. Though abiotic factors may have influenced cotton aphid population 

development, increases in aphid numbers were primarily attributed to the absence of 

beneficial arthropods, and decreased lint production was attributed to the effects of aphid 

infestations. 

Impact Of Pyrethroid Insecticide 

1993 

Cotton aphid population densities in die 1993 pyrethroid insecticide experiment are 

shown in Figure 3.9. Prior to insecticide applications, a mean of less tiian one aphid per 

leaf was detected in all plots on 19 July. Cotton aphid population densities in plots 

receiving two applications of cyhalotiirin (K-2) began to increase rapidly foUowing the first 

application on 22 July. Samples indicated aphid numbers in excess of 16 per leaf prior to 

the second cyhalothrin apphcation on 30 July. Cotton aphid population density surpassed 

the current treatment tiireshold of 50 aphids per leaf prior to 4 August and continued to 

increase rapidly, peaking at more than 384 aphids per leaf on 17 August. Aphid numbers 

were greater than die tteatment tiireshold for a period of more dian two weeks and were 

significantiy greater than aphid numbers in untreated plots for four consecutive weeks 

(P<0.05, DNMRT). 
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Figure 3.7. Average daUy ambient temperature in caged and uncaged plots. Lubbock, 
Texas, 1994. 
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Figure 3.8. Average daily total radiant energy in caged and uncaged plots. Lubbock, 
Texas, 1994. 
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Figure 3.9. Mean number of cotton aphids per leaf in untteated plots and in plots treated 
witii one and two appUcations of cyhalothrin. Treatment dates: 1 application - 7/30; 2 
applications - 7/22, 7/30. Lubbock, Texas, 1993. 
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A mean of less than three aphids per leaf was detected on 30 July in plots scheduled 

for a single application of cyhalothrin (K-1). Following the cyhalothrin apphcation on 30 

July, aphid numbers increased to 23.21 aphids per leaf on 10 August and peaked at more 

than 187 aphids per leaf on 17 August. Although the rate of increase in diese plots was 

slower than that of plots receiving two cyhalotiirin applications, aphid numbers exceeded 

tteatment thresholds in both tteatments within three weeks following a cyhalothrin 

apphcation. 

In untreated plots, aphid population density remained below a mean of six aphids 

per leaf until 10 August. Aphid numbers in these plots peaked at 63 aphids per leaf on 10 

August and decreased to less than 19 aphids per leaf on 17 August. On 17 August and on a 

seasonal mean basis, treated plots had significantiy greater aphid numbers than untreated 

plots. 

Cotton aphid populations declined quickly in all treatments after 17 August. 

Inspections detected a mean of less than two aphids per leaf in each of the three treatments 

on 23 August. The cause of this drastic decline was attributed to the presence of high 

numbers of beneficial arthropods. 

Aphid predator population densities, shown in Table 3.6, remained below one per 

plant in all treatment plots prior to 17 August. Altiiough predator population densities were 

relatively low prior to tiiis date, dechnes were noted foUowing cyhalothrin appUcations. 

The lack of a substantial predator population for a period of approximately two weeks 

following the final cyhalothrin application on 30 July was attributed to residual activity of 

the insecticide. However, predator numbers in tteated plots were never significantiy 

smaller tiian those of untreated plots. Predator populations peaked in all plots on 17 

August. Samples indicated mean predator population densities of 2.50 per plant in 

untreated plots, 4.13 per plant in K-1 plots, and 8.20 per plant in K-2 plots on 17 August. 
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Table 3.6. Selected beneficial arthropods in untreated cotton plots and in plots treated with 
one and two applications of cyhalothrin. Lubbock, Texas, 1993. 

Mean number of beneficials per plant 123 

Treatment 4 7/13 7/28 7/30 8/4 8/10 8/17 8/23 Seasonal 
mean 5 

untreated 0.10a 0.57a 0.48a 0.13a 0.30a 2.50a 1.65a 1.15a 

cyhalothrin (1) - - 0.70a 0.00a 0.10a 4.13a b 1.50a 1.43a 

cyhalothrin(2) 0.13a 0.05a 0.2Qa 0.10a 0.70a 8.20 b 1.13a 2.53 b 

^Beneficial arthropods sampled: lady beetles, Hippodamia spp.; lacewing larvae, 
Chrysopa spp.; minute pirate bugs, Orius spp.; and big-eyed bugs, Geocoris spp. 
^Dashes represent missing data. Cyhalothrin (1) plots were added on 7/30. 
^Means followed by the same letter in a column are not significantly different (P<0.05, 
DNMRT) 
'^'reatment dates: cyhalothrin (1) - 7/30; cyhalothrin (2) - 7/22 and 7/30. 
^Post treatment seasonal mean of dates: 8/4, 8/10, 8/17 and 8/23. 
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This increase in predator populations was believed to be in response to high aphid 

population densities. 

Cotton aphid infestations had significant negative impacts on yield in cyhalothrin 

treated plots (Table 3.7). The lowest yield of 463 lbs. of lint per acre was from plots that 

received two applications. Plots that received one application produced 594 lbs. of lint per 

acre and untteated plots produced 707 lbs. of lint per acre. All of tiiese yields were 

significantiy different (P<0.05, DNMRT) and differences were directiy proportional to 

cotton aphid population densities and duration of infestations (Figure 3.10). No other 

cotton pests were detected at economicaUy damaging levels throughout the duration of this 

experiment. Therefore, yield reductions were attributed solely to the effects of cotton aphid 

infestations. 

Though some differences in fiber quality were observed, these differences did not 

appear to be proportional to aphid population density (Table 3.8). 

1994 

Cotton aphid population densities in the 1994 pyrethroid insecticide impact 

experiment are shown in Figure 3.11. Inspections showed that aphid numbers were less 

than one per leaf in all plots prior to the first cyhalothrin application on 11 July. Aphid 

populations began to increase in K-2 plots after this application. The second cyhalothrin 

apphcation was made on 20 July, and samples indicated 11.69 aphids per leaf on 25 July. 

Aphid numbers continued to increase and were significantly greater than in all other 

treatments on 1 August and on 9 August (P<0.05, DNMRT). Population density peaked at 

148.49 aphids per leaf on 9 August. Aphid population density leveled off at 145.07 aphids 

per leaf, which was significantiy greater than that in untteated and dicrotophos treated 

plots, on 16 August. Cotton aphid numbers then decreased to less than three aphids per 

leaf on 22 August. Aphid population density in plots receiving two apphcations of 
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Table 3.7. Cotton Unt yield from untteated plots and from plots treated with one and two 
applications of cyhalothrin. Lubbock, Texas, 1993. 

Treatment 1 Lbs. hnt/acre ^ 

cyhalothrin (2) 

cyhalothrin (1) 

untteated 

463 a 

594 b 

707 
^Treatment dates: cyhalotiirin (1) - 7/30; cyhalothrin (2) - 7/22 and 7/30. 
^Means followed by the same letter are not significantiy different (P<0.05, DNMRT) 
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Figure 3.10. Seasonal mean number of aphids per leaf and cotton hnt yield from untteated 
plots, and plots treated with one and two applications of cyhalothrin. Lubbock, Texas, 
1993. 
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Table 3.8. Fiber quality analysis means from untreated plots, and plots tteated with one 
and two applications of cyhalothrin. Lubbock, Texas, 1993. 

Treatment ̂  

Sample Mean ^ 

Length Micronaire Uniformity Sttength 
(in.) Ratio (g/tex) 

untteated 

cyhalothrin (1) 

cyhalothrin (2) 

1.010 

0.938 

0.958 

3.10 

3.43 

3.07 

0.803 

0.783 

0.797 

27.00 

27.67 

27.00 

^Mean of three sub-samples. 
^Treatment dates: cyhalothrin (1) - 7/30; cyhalothrin (2) - 7/22 and 7/30. 
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Figure 3.11. Mean number of predators per plant and mean number of aphids per leaf in 
untreated plots, plots treated with dicrotophos, and plots treated witii one and two 
applications of cyhalothrin. Lubbock, Texas, 1994. Beneficial arthropods sampled: lady 
beetles, Hippodamia spp.; lacewing larvae, Chrysopa spp.; minute pirate bugs, Orius spp.; 
big-eyed bugs, Geocoris spp.; and syrphid fly larvae, Syrphus spp. 
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cyhalothrin was greater dian 50 aphids per leaf for a period of approximately two weeks. 

The seasonal mean of 38.45 aphids per leaf was significantiy greater than in all other 

tteatments. 

Cotton aphid population density in plots scheduled for a single apphcation of 

cyhalotiirin (K-1) remained below one aphid per leaf prior to tteatment on 20 July. Aphid 

numbers increased immediately foUowing this application to 7.52 aphids per leaf on 1 

August. Aphid numbers continued to increase to 75.84 aphids per leaf on 9 August and 

peaked at 116.44 aphids per leaf on 16 August before declining to 1.40 per leaf die 

foUowing week. Aphid numbers were significantiy greater than those in untreated plots on 

9 August and were significantiy greater than those in untteated and dicrotophos tteated 

plots on 16 August. Cotton aphid population density increased to more than 50 aphids per 

leaf within 17 days of the cyhalothrin application and remained at more than 50 aphids per 

leaf for approximately ten days. 

Inspections of untreated check plots detected a gradual increase in cotton aphid 

population density to a peak of 31.04 aphids per leaf on 9 August. Aphid numbers in these 

plots declined to 20.91 aphids per leaf on 16 August and 1.23 aphids per leaf on 22 

August. Aphid population density in untteated plots was numericaUy less than all other 

tteatments on aU sample dates between 1 and 22 August, and was not significantiy greater 

than any otiier treatment on any of the sample dates (P<0.05, DNMRT). 

Dicrotophos tteated plots averaged 1.08 aphids per leaf on 25 July, and received an 

application targeting beneficial arthropods on 27 July. A negative impact on beneficial 

arthropods was not observed. The failure to observe this impact was atttibuted to low 

predator population density, and predator movement among the smaU plots. Aphid 

populations did not respond to the dicrotophos treattnent as tiiey did to cyhalotiirin. Cotton 

aphid population density increased gradually, peaked at 35.54 aphids per leaf on 9 August, 

and then declined to less than one aphid per leaf on 22 August. This seasonal pattern of 
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aphid population development was numericaUy very similar to development in untteated 

plots. 

Selected aphid predator population densities, shown in Figure 3.11, were not 

significantly different in any of die four treatments on any sample date (P<0.05, DNMRT). 

Considerably fewer predators were present m 1994 compared to 1993. The seasonal mean 

of untreated plots in 1993 was 1.15 predators per plant, compared to 0.73 per plant in 

1994. Because of the small plot size, predators did not appear to be repeUed from specific 

insecticide treated plots and moved freely among different tteatments. Population densities 

remained below one predator per plant until 16 August, 19 days after the final insecticide 

apphcation, when they ranged from 2.53 to 3.63 predators per plant among the four 

tteatments. This increase in predator populations coincided with increases in aphid 

populations, and was believed to be solely in response to high aphid population densities. 

Cotton lint yields, shown in Table 3.9, were not significantiy different (P<0.05; 

DNMRT). The reduced impact of aphids on yield was believed to be due to decreased 

duration and density of aphid infestations in 1994 compared to 1993. Though yield 

differences were not statistically significant, numerical differences were noted, and the 

aphid infestation in plots receiving two applications of cyhalothrin did have a negative 

economic impact (Figure 3.12). These plots produced 129 lbs. of lint per acre less than 

untteated plots, which is the equivalent of an $83.85 per acre loss at 650 per pound. 

Fiber quaUty analysis results are shown in Table 3.10. Aphid infestations appeared 

to have a negative impact on fiber strength. Plots receiving two apphcations of cyhalothrin, 

which had the highest aphid numbers, were die most negatively affected. These plots 

produced fiber with an average strength of 27.67 grams per tex, compared to 30.50 grams 

per tex in untreated plots, which had die lowest aphid numbers. Dicrotophos treated plots 

and plots receiving one and two apphcations of cyhalotiirin produced fiber with an average 
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Table 3.9. Cotton lint yield from untreated plots, plots treated with dicrotophos, and plots 
treated widi one and two applications of cyhalothrin. Lubbock, Texas, 1994. 

Treatment ^ Lbs. lint/acre ̂  

cyhalothrin (2) 

dicrotophos 

imtteated 

cyhalothrin (1) 

888 a 

980 a 

1017 a 

1030 a 
^Treatment dates: cyhalotiirin (1) - 7/20; cyhalothrin (2) - 7/11 and 7/20; dicrotophos • 
7/27. 
^Means within the same date foUowed by the same letter are not significantiy different 
(P<0.05, DNMRT). 
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Figure 3.12. Seasonal mean number of aphids per leaf and cotton Unt yield from untteated 
plots, plots treated with dicrotophos, and plots treated witii one and two applications of 
cyhalothrin. Lubbock, Texas, 1994. 
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Table 3.10. Fiber quality analysis means from untreated plots, plots tteated with 
dicrotophos, and plots tteated with one and two apphcations of cyhalothrin. Lubbock, 
Texas, 1994. 

Treatment ̂  

untreated 

cyhalothrin (1) 

cyhalothrin (2) 

dicrotophos 

Length 
(in.) 

1.039 

1.063 

1.042 

1.063 

Sample 

Micronaire 

3.95 

3.93 

4.07 

3.83 

Mean ^ 

Uniformity 
Ratio 

0.813 

0.815 

0.820 

0.820 

Sttengtii 
(g/tex) 

30.50 

29.00 

27.67 

29.67 

iMean of three sub-samples. 
^Treatment dates: cyhalotiirin (1) - 7/20; cyhalotiirin (2) - 7/11 and 7/20; dicrotophos -
7/27. 
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strength of 29.67, 29.00 and 27.67 grams per tex, respectively. Length, micronaire, and 

uniformity did not appear to be affected by aphid infestations. 

Aerial Cotton Aphid Populations 

Cotton aphid collections by the suction ttap in 1989 peaked at 1982 on 25 August 

(Figure 3.13). The first cotton aphid collected in 1989 was on 7 July, and die last cotton 

aphids were coUected on 15 September. Collections were discontinued on 6 October. 

Cotton aphid coUections by the suction trap in 1992 are shown in Figure 3.14. The 

first cotton aphid was collected on 13 May, and this was die only cotton aphid collected in 

1992 between 15 April and 23 July. Numbers then rose quickly to a peak of 305 on 12 

August Only one cotton aphid was coUected in the following week, but 293 were 

recorded on 27 August and 168 were found in the two week sample on 11 September. 

Only six cotton aphids were found in suction trap samples between 16 September and 21 

October. A second peak was noted during the foUowing weeks before collections were 

terminated on 1 December. The final sample contained one male cotton aphid. 

The first collection of a cotton aphid in 1993 was on 30 June (Figure 3.15). 

Numbers then increased sporadicaUy to a peak of 40 on 25 August. Cotton aphid counts 

continued to vary from week to week, reaching 24 on 15 September and 34 on 27 October. 

The last cotton aphid was coUected on 24 November and samphng was discontinued on 21 

December. 

In 1994, the first collection of a cotton aphid was on 26 May (Figure 3.16). No other 

cotton aphids were collected untU 21 July. Numbers then began to rise, and peaked at 636 

on 25 August. Counts fell to 84 the following week, and decreased slowly to one on 22 

September. Only seven cotton aphids were collected between 22 September and 27 

October, but a total of 321 were collected between 4 November and 1 December. During 

this period, the highest weekly count of 131 occurred on 17 November. No cotton aphids 
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Figure 3.13. Number of cotton aphids collected per week by the suction trap and mean 
number of aphids per leaf in untreated cotton plots. Lubbock, Texas, 1989. 
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Figure 3.14. Number of cotton aphids collected per week by the suction trap and mean 
number of aphids per leaf in untteated cotton plots. Lubbock, Texas, 1992. 
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Figure 3.15. Number of cotton aphids collected per week by the suction trap and mean 
number of aphids per leaf in untteated cotton plots. Lubbock, Texas, 1993. 

52 



weekly trap coUections 
aphids per leaf 

150 

100 00 
3 
O 

• t - H 

SB 
3 
o 

Ok 

3 
PU 

Date 
Figure 3.16. Number of cotton aphids collected per week by the suction trap and mean 
number of aphids per leaf in untteated cotton plots. Lubbock, Texas, 1994. 
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were collected by die suction trap after 1 December, and die last sample was collected on 29 

December. 

The earliest coUection of a cotton aphid by die suction ttap within a given year was 

on 13 May 1992. The date of die first appearance of a cotton aphid in suction ttap samples 

did not appear to be predictive of field populations. Peak cotton aphid collections by the 

suction trap typically occurred during the second or tiiird week of August. Peak field 

populations ranged from late July to late August, overlapping the period of high suction 

trap counts. The highest untteated field population density was recorded in 1993, when 

trap collections were lowest. Therefore, ttap collections during this period do not appear to 

be predictive of field infestations. 

The increase in cotton aphid collections by the suction ttap in late July appeared to 

represent an increasing immigration of cotton aphids from more southerly locations and 

increased aerial movement of cotton aphids in the Lubbock area. Increases in cotton aphid 

coUections by the suction ttap in mid to late August and early September appeared to 

represent local cotton aphid dispersal. 

A second peak in cotton aphid collections was noted in late October through 

November. This peak appeared to represent movement of aphids out of mature cotton, 

which was no longer nutritionally suitable. These cotton aphids were believed to be 

searching for a suitable overwintering host. 

The first recorded male cotton aphid in the Texas High Plains was collected by the 

suction trap at the Texas Agricultural Experiment Station, Lubbock, on 1 Dec. 1992. A 

total of 7 male cotton aphids have been collected by the suction trap. All of the males found 

in suction ttap samples were coUected in November and early December. A total of six 

male cotton aphids were collected in November of 1994 from cotton within the predator 

exclusion cage test, which was being periodicaUy hand-harvested. Identification of these 

aphids was confirmed by Dr. Susan Halbert (University of Idaho R & E Center, Aberdeen, 
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ID). The production of males in the faU implies die existence of a sexually reproductive 

overwintering generation. However, no oviparae were found on cotton or in suction trap 

samples. The existence of ten more male cotton aphids collected in the United States was 

discovered (Table 3.11). AU of these males were collected between 9 October and 20 

November, and coUection sites were widely distributed throughout the United States. 

Therefore, production of males in November and early December appears to be related to 

daylength. 
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Table 3.11. Known collections of male cotton aphids in the United States. 

Site Date Host Males 

Greenbush, MA 1 

Washington, DC 1 

Washington, DC 1 

Albuquerque, NM ^ 

Parma, ID ̂  

StoneviUe, MS 1 

Lubbock, TX 

Lubbock, TX 

Lubbock, TX 

Lubbock, TX 

18 Oct. 1949 

09 Nov. 1962 

10 Nov. 1964 

09 Oct. 1969 

12 Oct. 1987 

20 Nov. 1988 

01 Dec. 1992 

08 Nov. 1994 

17 Nov. 1994 . 

01 Dec. 1994 

sttawberry 

rose of Sharon 

rose of Sharon 

catalpa leaves 

suction ttap 

cotton (regrowtii) 

suction ttap 

cotton 

suction ttap 

suction ttap 

1 

1 

2 

2 

1 

2 

1 

6 

4 

2 

lO'Brien et al. (1990) 
2S. E. Halbert (personal communication) 
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CHAPTER IV 

CONCLUSIONS 

Rapid increases in die rate of aphid population development were observed in all 

cases foUowing application of the pyrethroid insecticide cyhalothrin. These increases 

resulted in die development of significantiy greater aphid population densities in cyhalotiirin 

tteated plots compared to untreated plots. Increasing predator numbers appeared to be a 

direct response to increasing aphid populations (Figure 3.11). Though an increase in aphid 

numbers was noted following the dicrotophos application, this increase was very simUar to 

that of untteated plots and it did not appear to be related to the insecticide application. 

The response of aphid populations to cyhalothrin did not appear to be related to the 

abundance of aphid predators. Results of the present study show that whUe predator 

populations may be suppressed by early season cyhalothrin applications, this is not the 

cause of aphid population increase foUowing a cyhalothrin application. In absence of 

predators, aphid populations increased faster and to higher levels on pyrethroid treated 

plants than on untreated plants. Cyhalothrin apparentiy causes a physiological change in 

cotton leaves or cotton aphids, which promotes aphid reproductive activity. Further 

research would be required to determine die exact site of diis physiological alteration. 

Texas High Plains cotton producers should use careful scouting strategies to avoid 

unnecessary applications of pyrethroid insecticides. 

Though cyhalothrin apphcations appeared to stimulate aphid infestations, results of 

tills sttidy mdicate tiiat natural beneficial arthropod populations cleariy have a significant 

impact on the suppression of infestations. Cotton aphid infestations, which resulted in 

major yield reductions, occurred in die absence of cyhalotiirin when predators were 

excluded and aphid populations were not conttoUed. In addition, predator populations 

developed in response to increasing aphid populations, and initial increases in aphid 
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population densities did not appear to be dependent on the presence or population density 

of predators. The decline of cotton aphid field populations was consistentiy atttibuted to 

the impact of beneficial arthropods, and when predators were excluded, aphid populations 

decUned only after exceeding the carrying capacity of the plants. 

Lady beeties, primarily Hippodamia convergens, were die most abundant and 

effective of the aphid predators monitored. Data from the caged inttoduced predators 

tteatment indicate that lady beeties can effectively suppress aphid infestations when present 

in high numbers. However, multiple inttoductions of high numbers, or populations in 

more than one developmental stage may be required to effectively suppress aphid 

infestations. Since multiple introductions of large numbers of predators are not 

economically justifiable, Texas High Plains cotton producers should increase efforts to 

preserve naturally occurring beneficial arthropod populations. Manipulation of natural 

beneficial populations by providing advantageous habitats, such as planting windrow 

crops, may be helpful in harboring and sustaining adequate aphid predator populations. 

However, further research is needed to determine the impact of this type of cropping 

system. 

Naturally occurring aphid predator populations typicaUy suppress cotton aphid 

population development in the Texas High Plains, tiiough tiieir impact is often 

overshadowed by occasional aphid outbreaks. Early season aphid populations have the 

reproductive capacity to develop at rates much higher than that of tiieir predators when 

environmental conditions are favorable, and periodic outbreaks are likely to occur. 

However, control tactics should not be based on these conditions which do not typically 

occur in the Texas High Plains. Aphid predators, especially lady beeties, appear to be 

primarily responsible for tiie prevention or suppression of economicaUy damaging aphid 

populations. When undisttirbed, beneficial arthropods will usually suppress aphid 

populations and insecticide applications wUl not be necessary. 
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Results of this study cleariy show that cotton aphid infestations have a negative 

impact on cotton hnt production. With exception of the K-1 treatment in the 1994 

pyrethroid test, seasonal aphid population densities were inversely proportional to lint 

production (Figures 3.6, 3.10 and 3.12). Lint production increased when aphid 

populations were controlled or limited through die use of insecticides or beneficial 

arthropods. Significant yield reductions appeared to occur when aphid numbers were 

greater dian 50 per leaf for more than approximately ten days. Therefore, the current 

economic threshold of 50 aphids per leaf (Leser 1994) appears to be an acceptable level in 

the Texas High Plains. However, the duration of an aphid infestation appeared to be the 

most influential on lint production. Producers should not take action when this threshold is 

met, but should monitor aphid populations more closely. An insecticide application may be 

justified if populations continue to increase. If population growth appears to be slowing or 

leveling off, it may be more advantageous to allow natural beneficial arthropod populations 

to control the infestation. 

The purpose of male cotton aphid production is believed to be for sexual 

reproduction with oviparous females. Although no oviparae were found in this study, a 

holocyclic life cycle is beheved to exist in the Texas High Plains. The cotton aphid has the 

ability to overwinter in this area in either the adult or egg stage. Sexual reproduction would 

aUow genetic recombination to occur and increase the size of the gene pool. This genetic 

diversity would promote selection of insecticide resistant cotton aphid populations. 

Dependence of cotton aphid insecticide resistance on survival of overwintering aphids 

would account for inconsistent levels of resistance from year to year and among sites. 

Further studies would be required to identify possible overwintering host plants and 

examine the impact of overwintering aphids on field populations. In addition, sampling 

strategies may need to be expanded to include monitoring of beneficial arthropods in order 

to examine their impact on faU aphid populations. 
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If overwintering cotton aphids influence early season field populations, aphids 

collected by suction trap in November may have a predictive value. Trap collections were 

terminated early in 1989, so it is not possible to determine the impact on 1990 infestations. 

However, November ttap coUections in 1992 and 1993 were relatively low (Figures 3.14 

and 3.15), and 1993 and 1994 field infestations were considered mild. November trap 

numbers in 1994 were approximately three fold those of the previous two years (Figure 

3.16), and early 1995 reports indicate the presence of unusually high cotton aphid field 

population densities. However, this information is inconclusive at this time and additional 

studies are needed. 

Successful cotton aphid management strategies in the Texas High Plains should 

include preservation and promotion of beneficial arthropod populations. Cotton aphid and 

predator populations should be closely monitored and should be included in cotton pest 

control tactic decisions. Pyrethroid insecticides should be used only when other conttol 

methods will provide unacceptable results, and rapid increases in cotton aphid populations 

should be expected following applications of pyrethroid insecticides. Careful consideration 

of insecticide applications and promotion of predator populations should reduce the 

occurrence of cotton aphid infestation developments in the Texas High Plains. These 

tactics and the consideration of area extension guidelines should provide reasonable 

management of the cotton aphid in the Texas High Plains. 
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