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CHAPTER I 

INTRODUCTION 

The cotton aphid. Aphis gossypii Glover (Homoptera: Aphididae), has 

been a serious pest throughout the Cotton Belt and around the world. This pest 

not only takes vital sugars and amino acids from the growing cotton plant, but 

also deposits excretions known as "honeydew" onto cotton fibers. This results in 

"sticky cotton" which causes major problems in textile mills, and subsequently a 

lower price to producers. 

History 

The cotton aphid, Aphis gossypii Glover (Homoptera: Aphididae), was first 

described by Townend Glover in 1876 (Palmer 1952). The pest status of the 

cotton aphid has been realized in cotton for more than one and a half century. 

The aphid was first reported as a serious pest of cotton In 1854 in South 

Carolina, but the aphid's pest status was recognized many years before that 

(Slosser et al. 1989). 

The cotton aphid was reported as a pest of Texas melons in 1892, and 

then as a pest In Texas cotton in 1916 (Paddock 1919). Today, the aphid Is 

recognized as a secondary pest during most years and a severe pest in 

outbreak years (Leser et al. 1992, Leser 1994). 

In some years, the cotton aphid has actually been a benefit to cotton 

production by serving as a food source for predators and parasites. These 
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predators and parasites provide control for other primary pests such as the 

bollworm, Helicoverpa zea (Boddle) (Leser 1994). 

The "sticky cotton" problem caused by the cotton aphid is not new, 

however, the problem has become more severe with greater insecticide 

resistance displayed by the cotton aphid. Perkins (1991) reported that 

stickiness caused by the aphid was reported In 1942 and that detection of insect 

caused stickiness was attempted in the 1950's. Isely (1946) reported that 

honeydew that fell onto open cotton bolls lowered the quality of the lint in 

addition to covering leaf surfaces. The first serious "sticky cotton" problem 

occurred In several countries In Africa, particularly in Sudan, during the 1960's 

(Perkins 1991). The "sticky cotton" problem then Increased frequency and 

intensity over the next several years. Perkins (1991) stated,".... today, 

stickiness is a significant problem for US cotton, both domestically and (in sales) 

abroad." 

Cotton aphid resistance to insecticides has become a serious problem 

throughout the world. The cotton aphid produces a population of insecticide 

resistant aphids very quickly. The parthenogenetic forms of the cotton aphid are 

most likely responsible for the rapid development of resistance. Kerns and 

Gaylor (1992) suggested that multiple, metabolic resistance mechanisms may be 

Involved as different levels of resistance to insecticides belonging to the same 

class occur from year to year. Kerns and Gaylor (1992) also reported that sub

lethal doses of certain insecticides produced more dark morph aphids than did 



other Insecticides or populations not treated with insecticides. The dark morphs 

of cotton aphids are capable of increased reproductive capabilities (Kring 1959) 

Allen et al. (1990) and Leser et al. (1992) reported that higher application rates 

of previously effective insecticides were needed to control cotton aphid 

outbreaks in 1989. Insecticide resistance was confirmed in New Mexico in 1991 

(Ward et al. 1994). Cotton aphid resistance to Insecticides has remained stable 

for at least twelve months (O'Brien and Graves 1992). The cotton aphid is 

currently listed as resistant to the three most previously effective classes of 

insecticides throughout the aphids distribution (Kidd 1995). 

Cotton aphids are often able to reproduce more rapidly when treated with 

insecticides applied against other pests. Dunnam and Clark (1941) reported that 

cotton aphids reproduced more rapidly following treatments of calcium arsenate 

for the boll weevil, Anthonomus grandis Boheman. The use of pyrethroid sprays 

to control bollworm infestations on the Texas High Plains generally cause an 

increase in cotton aphid populations (Leser 1994, Kidd 1995, Kidd et al. 1996, 

Kidd & Rummel 1997). Cotton aphid population Increases usually occur 

approximately ten days following a second application of pyrethroid Insecticides. 

Life Cycle 

The life cycle of the cotton aphid. Aphis gossypii Glover, is one of the 

most interesting and complex of the insect world. The complexity of the cotton 

aphid' life cycle Is a result of several factors. This insect displays sexual and 



parthenogenetic forms, polymorphism, hibernaton and aestivating forms, winged 

and wingless forms, and migrant and non-migrant forms, often all in one annual 

cycle (Khng 1972). 

Cotton aphids have at least 64 known host plants and are known to 

transmit over 50 plant viruses (Metcalf et al. 1962). Kring (1959) reported that 

the cotton aphids' primary host plants were l-libiscus and Catalpa but they readily 

Infested Gossypium and other secondary hosts. Cotton and melons are two of 

the most Important agricultural crops attacked by A. gossypii. This dual pest 

status is the reason for the two accepted common names, cotton aphid and 

melon aphid (Paddock 1919). Other known host plants range from citrus to 

common pigweed giving the cotton aphid a wide range of hosts on which to 

complete its life cycle. 

One of the most interesting facets of the aphid life cycle is the cyclical 

parthenogenesis exhibited by aphids. In this type of life cycle, adult females 

give birth to live young. However, after receiving certain environmental stimuli, 

these same adult females enter a holocycllc stage and produce males which 

become sexually active with other females. Impregnated females lay eggs which 

can over-winter on a suitable host and hatch the following spring. The 

environmental stimuli responsible for the production of males in green peach 

aphids (Myzus persicae [Sulzer]; Homoptera: Aphididae) was found to be a 

shortening of daylengths, which affected the amount of a juvenile hormone 

present In the aphid (Hales and Mittler 1986). Day length has shown to cause 



this polymorphism In several aphid species (Puterka and Slosser 1983). These 

results would seem to hold true for the cotton aphid on the Texas High Plains 

with all known male cotton aphids being found from mid-October to early 

December (Kidd 1995). Kring (1959) reported male cotton aphids being 

produced on primary host plants such as l-libiscus and Catalpa, and only 

viviparous females being produced on secondary hosts such as Gossypium in 

Connecticut. Host plant type may play some role in sex determination in the 

cotton aphid (Kring 1959). However, male cotton aphids were found and 

reported on cotton, Gossypium hirsutum, by O'Brien et al. (1990) and Kidd 

(1995). Despite these findings, the life cycle of the cotton aphid on the Texas 

High Plains consists of almost exclusively viviparous, parthenogenetic females 

(Slosser etal. 1989). 

The cotton aphid also displays another type of polymorphism that Is 

important in the life cycle. Cotton aphids can produce a smaller, yellow morph 

that varies from its normal, larger, multi-colored morph. Paddock (1919) 

recognized this morph as Important in the aphid's annual life cycle. Wall (1933) 

recognized a cyclic process involving the light morphs. He described these light 

morphs as exhibiting a reduction in size and In number of segmentation of the 

antennae compared to the larger, darker morphs. Wall (1933) also described 

the light morphs as being characteristic of both dense populations and 

unfavorable hosts. Kring (1959) described the production of similar diminutive, 

yellow aphids when populations were transfenred onto unfavorable hosts. 



Aphids that remained on favorable hosts did not change morph. Once the 

diminutive, yellow aphids were produced on the unfavorable host, reproduction 

ceased. However, once the yellow aphids were returned to a favorable host, 

reproduction resumed, and the new generations were composed of darker 

morphs. In most cases, the yellow aphids that were returned to a favorable host 

did not change in shape or appearance. Hot, dry conditions cause yellow 

morphs to develop (MIyazak11987, Isely 1946). Kerns et al. (1992) reported that 

sub-lethal doses of Insecticides affected color morph frequency of cotton aphids 

v t̂h certain Insecticides causing an increase in dark morphs. In general, the 

light morphs of the cotton aphid act as an aestivating form that occurs under 

unfavorable conditions, such as high temperatures or an unfavorable host plant. 

The genetic reproductive potential of a parthenogenetically reproducing 

cotton aphid population varies from site to site. Metcalf et al. (1962) recorded up 

to 51 generations per year produced by a cotton aphid population in Texas. 

Slosser et al. (1989) cited a developmental time of as little as four days for a 

female which may give birth to as many as 80 live young in Texas. Kranz et al. 

(1977) reported that in the tropics, a single female may produce up to 140 

nymphs at a rate of two to nine young per day. Akey and Butler (1989) reported 

an optimal developmental time of five days for females with a birthrate of 2.85 

young per day in Arizona. However, insects rarely reach genetic potential for 

reproduction (Metcalf and Luckmann 1994). 



Winged and v^ngless forms of the cotton aphid are common among aphid 

populations. The primary function for the production of winged forms is 

dispersal (Loxdale et al. 1993). However, not all winged aphids actually 

disperse (Kring 1977). The primary cause for the production of a winged form Is 

thought to be daylength (Slosser et al 1989). However, winged forms can be 

found throughout the entire year. Population density and host plant type may 

also have an effect on the number of winged forms (P. W. Kidd, D. R. Rummel & 

M. D. Arnold, personal communication). Exact causes for the production of 

winged cotton aphids are not fully understood. It is known that all cotton aphids 

In the holocycllc stage are of the winged form. 

Studies of the optimal temperature for cotton aphid reproduction have 

produced generally similar results. A temperature of 22.2° C (72° F) has 

beneficial effects on cotton aphid reproduction In a controlled environment 

(Auclair 1966). Isely (1946) reported that the optimal reproductive temperature 

was 20° C (68° F) but also noted that the aphids reproductive capabilities 

Increased between 12.8-21.1° C (55-70° F) and decreased with temperatures 

between 20-32.8° C (72-90° F). Slosser et al. (1989) cited this optimal 

temperature of 20-32.8° C (72-90° F) for the development of the cotton aphid. 

Cotton aphid reproductive capability on the Texas High Plains Increases during 

cool, moist weather following the passing of "cool fronts." These "cool fronts" 

give relief from the usual high temperatures during the summer months (Kidd 

1995, Kidd et al. 1996, Kidd & Rummel 1997, Slosser et al. 1989). The cotton 



aphids peak population date on the Texas High Plains traditionally occurs during 

mid-August (Kidd 1995). This peak population date typically occurs following 

seasonal rainfall of early August during the passing of "cool fronts." 

The over-wintering ecology of the cotton aphid on the Texas High Plains 

Is not fully understood. Cotton aphids primarily overwinter on the Texas High 

Plains as adults on suitable hosts such as Hibiscus, as described by Sanborn 

(1912) In Oklahoma. However, It is not known if oven^nterlng aphids on 

suitable hosts produce the region's entire summer population, or if other cotton 

aphids migrate into the area seasonally (Kidd 1995). Winged cotton aphids may 

travel a great distance, earned on prevailing winds (Kring 1977). Cotton aphids 

in the holocycllc stage mate and resulting females lay eggs to overwinter. These 

eggs contain glycerol, a type of bio-antifreeze (Chapman 1982), and have a 

much better chance of surviving harsh winters than do adults or nymphs. No 

cotton aphid eggs have been found on the Texas High Plains. However, a few 

holocycllc aphids have been found on the Texas High Plains, and very few 

overwintering cotton aphid eggs may exist in the area (Kidd 1995). 

The dietary requirements of the cotton aphid have received extensive 

study. Varying levels of sucrose and maltose in the aphid's diet Influence 

population growth, with 20 grams sucrose and 10 grams maltose being an ideal 

dally diet (Auclair 1967). High plant nitrogen levels and ample available water 

also Increases cotton aphid populations (Allen et al. 1992). Pyrethroid sprays 
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applied to cotton often result in significant increases in aphid population density 

(Kidd & Rummel 1997, Kidd 1995. Kidd et al. 1996). 

Damage 

Cotton aphids are relatively slow moving insects that usually infest the 

lower sides of leaves. The aphids penetrate the phloem with their rostra to feed 

(Auclair 1963). Some aphids may ingest as much as 133% of their own body 

weight within an hour. This Is made possible with a specialized digestive-

filtering system that allows the aphid to digest the necessary plant sugars and 

amino acids and filter out unwanted liquids without going through the normal 

digestive process (Chapman 1982). The necessary plant sugars and amino 

acids required by the aphid diet consist of roughly 10% of the phloem found in 

plant leaves. This results in a large amount of secondary damage to the plant 

and very large amounts of waste produced by the aphid. This waste product, 

generally referred to as honeydew, can cause "sticky cotton" when it contacts 

open cotton bolls. "Sticky cotton" causes serious problems for textile mills where 

the lint is processed into yarn and fabric (Isely 1946, Slosser et al. 1989, Perkins 

1991, Leser 1992, Kidd 1995, Kidd et al. 1996, Kidd & Rummel 1997). 

Natural Enemies 

The cotton aphid is not without natural enemies that help control large-

scale aphid outbreaks (Sansome et al. 1999). Major enemies of the cotton aphid 



include lady beetles (Coleoptera: Cocclnellidea), the common lacewing 

(Neuroptera: Chysopidae), and the parasitic wasp Lysiphlelbus testaceipes 

(Hymenoptera: Braconidae). Other arthropod enemies may include Nabids 

(Hemiptera: Nabldae), assassin bugs (Hemiptera: Reduviidae), minute pirate 

bugs (Onus spp.; Hemiptera: Anthicorldae), big-eyed bug (Geocons spp.; 

Hemiptera: Lygaeidae), syrphid files (Diptera: Syrphidae), and many common 

spiders (Aranea). 

The reproductive capabilities of the cotton aphid far outweigh the 

reproductive capabilities of their natural enemies (Kidd 1995, Kidd et al. 1996, 

Kidd & Rummel 1997). Despite this, predators and parasites will often provide 

economic control of the cotton aphid in the absence of insecticides (Kidd 1995). 

However, with the use of insecticides, aphids can reach economic levels before 

predators and parasites can provide economic control (Kidd & Rummel 1997). 

Pest Status In the Texas High Plains 

The Texas High Plains area did not experience cotton aphid problems for 

many years. However, in the 1975 growing season, the High Plains suffered its 

first indication of what large populations of aphids could do to a cotton crop. 

Prior to 1975, aphid infestations in the Texas High Plains usually only occurred 

in small Isolated areas of cotton fields. These Infestations were generally 

ignored by producers (Rummel et al. 1995). Since the 1975 growing season, the 

cotton aphid has become an annual pest in the area. 
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The cotton aphid problem continued to grow throughout the 1980s The 

first major evidence of a pesticide resistant aphid population appeared in the 

West Texas area In 1989 (Allen et al. 1990). The problem continued to increase 

throughout the early 1990s v t̂h a major cotton aphid outbreak occurring in the 

High Plains area in 1991. Insecticide treatments proved almost useless except 

at extremely high application rates (Leser et al. 1992). The entire area's cotton 

crop was affected (Rummel et al. 1995, Kidd et al. 1996, Kidd & Rummel 1997). 

The Texas High Plains experienced a "sticky cotton" problem In 1995. 

The 1995 problem arose from multiple causes, both cotton aphids and plant 

sugars. The Texas High Plains Is unique in the fact that an early freeze can 

terminate cotton growth, locking plant sugars in the immature cotton boll with the 

possibility of causing sficky lint (J. R. Gannaway, personal communication). The 

1995 "sticky cotton" problem occurred on less than 200,000 bales but caused 

serious problems for the textile industry. 

Arnold (1999) reported that predator populations moving from corn were 

sufficient to prevent economic damage by the bollworm in most years on 

northern Texas High Plains cotton. With this in mind, producers could effectively 

lower the amount of pyrethroid sprays to control the bollwonn, thus lowering the 

threat of aphid population increases following these treatments. Arnold (1999) 

also stated that this type of natural control would not exist in areas treated for 

the boll weevil. The appearance of the boll weevil in the Texas High Plains has 

caused much discussion about the secondary effects of control on the cotton 

11 



aphid. Areas Infested v t̂h the boll weevil will have multiple insecticide 

applications and subsequent aphid population increases are likely to occur, 

similar to that described over 50 years ago by Isley (1946). 

The resistance of cotton aphids to several different classes of insecticides 

has created a need for the development of new pesticides. However, chemical 

companies are reluctant to develop new pesticides due to the high cost of 

government licensing associated with the production of pesticides (P. Dotray, 

personal communication). Therefore, the cotton aphid has developed varying 

levels of resistance to most pesticides available to the cotton producer. 

If Metcalf and Luckmann's (1994) model for patterns of crop protection Is 

followed, cotton aphid control on the Texas High Plains is clearly in the 

integrated control phase. During this phase of crop protection, multiple factors, 

both chemical and ecological, are used as control measures. However, many of 

the known factors that affect cotton aphid populations simply cannot be avoided. 

For example. If an economically damaging population of bollworms is present, 

producers must apply an Insecticide regardless of the impact on the cotton 

aphid. Therefore, host plant resistance is probably the best method of 

controlling aphids in cotton. 

Previous Aphid Management Research 

Aphid problems have resulted in many studies involving cotton aphid 

control. Planting dates, plant nutrient availability, plant density, light intensity, 
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predator and parasite populations, temperature, and pyrethroid sprays all have 

been studied for their effects on cotton aphids. Most of these studies dealt with 

methods of control and biology of the cotton aphid. Other research was 

conducted on the detection of "sticky cotton" before the lint is processed into 

fabric. 

Slosser et al. (1989) concluded that late-planted cotton was much more 

likely to develop a cotton aphid problem than earlier planted cotton. Slosser et 

al. (1989) confirmed that the optimal minimal temperature for cotton aphid 

reproducfion was 20° to 21.1° C (68° to 70° F). Auclair (1967) reported that 

cotton aphids were less attracted to diets illuminated v\/ith intense light. Rummel 

et al. (1995) confirmed these results by recording a smaller cotton aphid 

population in cotton plots that had wheat stubble in furrows. In this test, fresh 

wheat stubble was placed In the furrov^ to reflect light onto the underside of the 

cotton leaves. Allen et al. (1992) reported high nitrogen levels In leaf petioles 

had a positive effect on cotton aphid populations. Pyrethroid sprays also have 

an positive effect on cotton aphid population growth (Kidd 1995, Kidd et al. 

1996). Kidd and Rummel (1997) reported that predator populations had a 

signiflcant Impact on cotton aphid populations. However, Kidd and Rummel 

(1997) also reported that aphid populations did reach economically damaging 

levels before predator populations could effectively lower aphid numbers when 

test plots were treated with a pyrethroid insecticide. 
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Varying levels of sucrose and maltose in the aphids diet have shown 

effects on aphid weight and survival with 20 grams of sucrose and 10 grams of 

maltose per day being ideal (Auclair 1966). Auclair (1966) concluded that any 

long term variation from this diet results in a shortening of the aphids life span. 

Leser et al. (1992) and Leser (1994) attempted to compile the results of these 

tests and others Into a comprehensive management guide for producers. 

Host Plant Resistance 

Host plant resistance is of vital Importance in the control of any insect or 

plant disease in troubled areas (Metcalf et al. 1994). A few phenotypic 

properties have shown to be a detriment to cotton aphid populations, such as 

smooth leaf characteristics (Allen et al. 1992, Weathersbee and Hardee 1994, 

Rummel et al. 1995). However, no cotton genotype has been identified v\̂ th 

consistent resistance to the cotton aphid, and no attempt has been made to 

develop a resistant cultlvar. 

Objectives 

Some previous research indicates that host plant resistance to the cotton 

aphid exists. In this study, our primary goal was to identify host plant resistance 

to the cotton aphid in cotton genotypes. We also sought to determine if resistant 

traits were dependable enough to be incorporated into agronomically acceptable 

cotton cultlvars. In addition, we attempted to determine the mode and 
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mechanism of resistance in order to better understand the resistant traits. Much 

of the cotton aphids life cycle and oversMntering habits on the Texas High Plains 

is not understood. Through general observation and rearing of the aphids 

throughout the year, we attempted to better understand this life cycle. The 

following research objectives were adopted: 

1. Identify host plant resistance to the cotton aphid In a cotton genotype. 

2. Determine the feasibility of aphid resistant cottons in field situations. 

3. Determine the type of resistance to the cotton aphid. 

4. Define the cotton aphid life cycle and overwintering habits on the 

Texas High Plains. 
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CHAPTER II 

MATERIALS AND METHODS 

A number of cotton genotypes v^re used in this study. Among genotypes 

tested v^re obsolete varieties, current local varieties, current varieties grown 

across the Cotton Belt, foreign varieties, and several other accessions. 

General Information for All Greenhouse Tests 

Cotton aphids were provided the best environmental conditions possible 

for population development. A greenhouse served as the initial screening site for 

aphid resistance. The greenhouse temperature was kept at approximately 22.2 ° 

C (72 ° F) year-round. This was accomplished with a gas heater In the winter 

and with an evaporative cooling system In the summer. The plant growth 

medium consisted of a 1:1 mix of a commercial potting mix and soil. As the 

growth medium was being prepared, 400 mg of 45-0-0 slow-release urea per 

47.2 m̂  (155 ft̂ ) of medium was added. The medium was then poured Into 

15.24-centlmeter (6-Inch) pots, with each pot containing one plant. The plants 

were irrigated with a Rain Bird̂ ^ (Rain Bird Sprinkler Mfg. Corp., Glendora, CA) 

automatic watering system. Plants received an estimated 0.51 cm (0.2 inches) of 

water every two days from seedling emergence to completion of all tests. 
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Aphid Populations 

Aphids were reared year-round in the greenhouse in a predator exclusion 

cage. The cage (5'X4'X4') was constructed of a wooden frame covered with a 

fine Lumite^^ (Synthetic Industries, Chickamauga, GA) screen. The Lumitê ^ 

allov\̂  100% light penetration to the plants and aphids and is designed to not 

alter Insect or plant behavioral patterns. The cotton aphids were reared on 

'Paymaster HS-26,' a cotton variety known to support cotton aphids. The food 

plants were periodically replaced to keep an ample population of cotton aphids 

available. 

Original Test 

The original screening test was very broad with the intent of finding any 

useable type of resistance. Sixteen cotton genotypes were evaluated for 

resistance to the cotton aphid in the sphng of 1997. These sixteen genotypes 

were arranged in a completely randomized design (CRD), consisting of three 

plants per replication. All plants In this test were infested with cotton aphids at 

the first true leaf growth stage and sampled each week for five weeks. Data 

were analyzed by AN OVA and LSD, and the acceptable level of error was 

determined to be P=0.05. Twelve commercial cultlvars were tested: 'Half & Half,' 

Paymaster HS-26, 'Paymaster 145', 'Acala 1517-75,' 'Acala SJ-2,' 'Acala Maxxa,' 

•Lankart 57,' 'Stoneville 213,' 'Gregg 65,' 'Pima S-7,' 'Northern Star 5,' and 

'Tamcot Sphinx,' three experimental lines: CA 3093, CA 3084, Covey Red, and 

one diploid species Gossypium arboreum. 
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Screening Tests 

Three separate screening tests were conducted in the greenhouse. Using 

G. arbof^um and Stoneville 213 as standards, we tested Paymaster HS-26, 

Acala 1517-75, Tamcot Sphinx, and CA 3084 during the spring of 1998 

(Screening test I). G. arboreum and Stoneville 213 again were used as 

standards to test the genotypes Lankart 57, Paymaster 145. 'Coker 312', and 

Half & Half In a second test during the summer of 1998 (Screening test II). A 

third test was conducted in the spring of 1999 (Screening test III). G. arboreum 

and Stoneville 213 were used as standards to test Gossypium herbaceum, 

Gregg 65, 'Stoneville MD 51,' and the experimental line 1985 FCX 84-11 MOP. 

Each screening test was conducted In a randomized complete block 

design (RBD). Three tables held six genotypes of cotton, and each table 

represented one replication. Each genotype was subjected to three different 

treatments. The three treatments were defined as: plants infested with cotton 

aphids and treated with a pyrethroid insecticide (pyrethroid-treated and infested), 

plants infested with aphids and no pyrethroid treatment (Infested), and plants that 

were kept aphid free (control). Two plants of each genotype underwent one of 

the three treatments, and all genotypes were present In all replications. This 

gave a total of 36 plants per table and 108 plants per test. 

Pyrethroid-treated and Infested plants were infested with three to seven 

cotton aphids at the first true leaf growth stage and, then, treated with a 

pyrethroid insecticide (Ammo™; FMC Corporation, Philadelphia, PA). These 

plants were treated again ten days later with the insecticide. The Infested 
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treatment plants were infested at the same time and with the same number of 

cotton aphids as the pyrethroid-treated and infested. The non-infested plants 

served as a control treatment and were kept aphid free. The soils of the control 

plants were treated with a systemic insecticide (Payload™; Valent USA 

Corporation, Walnut Creek, CA) prior to planting. In addition, the control plants 

were removed from their location on the table as needed and treated with an 

aphlcide (BIdrin™; Shell Chemical Company, Houston, TX). After treatment, the 

plants were returned to their positions on the table. 

Weekly counts of aphids began one week after infestation and continued 

for five weeks. The entire plant was examined, and different life stages of the 

cotton aphid were recorded. At the end of the five-week period, aphid numbers 

were compared statistically among cotton genotypes for each count and across 

the counting season using ANOVA and LSD and a significant level of error was 

defined as P<0.05. 

During the five-week period, genotypes were compared for plant 

development and general health. Data on plant height, number of leaves, and 

the number of squares and bolls were taken during the five-week period. After 

five weeks, a destructive test was conducted on plants of all treatments and 

genotypes. Data on leaf surface area, number of leaves, plant height, and plant 

weight were taken. Pyrethroid-treated and infested. Infested, and control plants 

of all six genotypes were tested for statistical differences between genotypes and 

treatments using ANOVA and LSD with the standard error level of P<0.05. 
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Choice and No-Choice Tests 

After screening tests were completed, choice and no-choice tests began. 

The top performers from each screening test were tested against the bottom 

performer, one at a time. In a no-choice cage (3'X2'X3'), a superior-performing 

genotype from screening tests was planted alone in a predator exclusion cage. 

In a choice cage (4'X3'X3'), one superior-performing genotype was planted 

alongside an inferior-performing genotype. Both cages were subjected to 

identical environmental conditions In a greenhouse and were no more than 30.5 

centimeters (1 foot) apart. All choice and no-choice tests matched the 

procedures for Infestation, temperature, pyrethroid treatment, nitrogen 

availability, and water availability of the pyrethroid-treated and infested treatment 

from the screening tests. Differences In cotton aphid numbers between 

genotypes and cages were compared statistically for each check week and 

throughout the check season by using ANOVA and LSD with the standard level 

of error at P<0.05. Throughout the summer months of 1997, G. arboreum, CA 

3084, Paymaster HS-26, Acala 1517-75, and Paymaster 145 were tested against 

Stoneville 213 In this manner. G. herbaceum was not tested against Stoneville 

213 due to a lack of viable Stoneville 213 seed. 

Leaf Sugar Analysis 

One plant from each treatment (pyrethroid-treated and infested, infested, 

and non-infested) and from each genotype were reserved from the destructive 

plant health tests and used in leaf sugar analysis. This totaled eighteen plants 
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and three plants per genotype. The sugars from one leaf from each plant were 

extracted, and analyses were preformed using a modified procedure (wine detect 

protocols: BioRad Industries, disbanded division) as recommended by Dr Mike 

Schubert (Texas Agricultural Expenment Station, Lubbock, TX) and Richard 

Fischenich (South Plains Biomedical Services, Inc., Lubbock, TX). The 

modifications from the accepted procedure Involved the use of cotton leaves in 

place of fruit and using 100% reagent alcohol (Sigma Diagnostics, St. Louis, MO) 

instead of 80% alcohol with 20% water in the extraction process. The use of 

100% reagent alcohol was done In an effort to increase the longevity of the 

samples' storage capabilities. All samples were analyzed on a Bio Rad ™ High 

Performance Liquid Chromatograph (HPLC) (model number 1330) using a 

common wine detect program. It should be noted that Bio Rad ™ no longer 

manufactures liquid chromatographs and offers only limited support for this 

model. The screening test-leaf sugar analysis protocols used are listed in 

Appendix A. 

The samples of screening test I were extracted following completion of 

data collection, and analyses occurred over a period of 2 weeks in eariy June, 

1998. The adaptation of protocols appeared to be successful following the 

analysis of screening test one and the protocols remained. However, conflicting 

results, equipment failure, component replacement, and possible sample 

degradation caused us to question the idea of such drastic adaptation of the 

protocols. The conflicting results of screening test I and screening test II were 

accredited to sample degradation and the analysis of screening test III went 
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ahead as planned. The results of screening test III also were in conflict with 

screening test I, and the leaf sugar protocol was re-evaluated. 

Luckily, several of the genotypes of Interest v^re toeing grown at the 

Texas Agricultural Experiment Station in Lubbock for seed increases and fiber 

quality analysis during the summer of 1999. These genotypes were all grown in 

the same field but were not Infested with aphids. In September 1999 field 

samples of G. arboreum, Gregg 65, Lankart 57, and Paymaster 145 were 

extracted and analyzed using revised protocols. The new protocols are listed in 

Appendix B. 

Field Test 

During the summer of 1999, a field-screening test was conducted at the 

Texas Agricultural Experiment Station at Halfway, Texas, to test the strength of 

the resistant traits of G. arboreum in field situations and to ensure that results of 

all previous screening tests were not influenced by greenhouse conditions. G. 

arboreum, Stoneville 213, Gregg 65, Paymaster HS-26, Paymaster 145, and 

Acala 1517-75 were tested along with another genotype of interest 'Paymaster 

2280 BG/RR.' These genotypes were planted on May 21, 1999 in four-row plots 

using a randomized complete block design of four replications. 

Three Irrigations were applied to this test. A pre-plant irrigation of 3.60 

centimeters per hectare (3.5-acre inches) was applied was April 21, 1999. The 

next two Imgatlons were on July 16 and August 23, 1999 when 0.93 centimeters 

per hectare (0.9 acre-Inches) and 1.23 centimeters per hectare (1.2-acre inches) 
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were applied, respectively. Rainfall amount during the growing season were 

measured at 46.03 centimeters (18.12 inches). Treatments with the insecticide 

Karate™ (Zeneca Ag Products, Wilmington, DE) were applied at 94.63 ml (3.2 

oz.) per acre on July 23, August 10, August 20, and September 13, 1999. 

Weekly aphid counts began on July 27, 1999 and continued until 

September 27, 1999. One top, one middle, and one bottom leaf were examined 

on three different plants within the four-row plots of each genotype of every 

replication. Mean numbers of cotton aphids surviving were statistically compared 

between genotype by date and seasonally by utilizing ANOVA, LSD at the 

standard error rate of P<0.05. Samples consisting of 100 bolls per plot were 

harvested on September 29, and again on October 23, 1999, following a rainfall. 

The samples were ginned on a 12-saw laboratory gin and taken to the 

International Textile Center in Lubbock, Texas where the lint was tested for 

stickiness on a High Speed Sticky Detector (H2SD) (International Textile Center, 

Lubbock, TX). 

Overwintering Cotton Aphids 

These research objectives were addressed during the winter of 1997. 

This offered a rare and necessary opportunity to obtain and study cotton aphids 

on the Texas High Plains during the winter months. Thirty-nine cotton aphids 

were found on one Penstemon barbatus plant at the greenhouses of Caprock 

Growers In late February (Caprock Growers, New Deal, TX). An additional four 

cotton aphids were found on Hibiscus plants at the Texas Tech greenhouses. All 
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of these aphids were Identified as Aphis gossypii Glover. An additional three 

aphids found at the Texas Tech greenhouses were identified as the green peach 

aphid, Myzus persicae (Sulzer). None of the aphids found at Texas Tech 

survived the identification process. Twenty-two cotton aphids found at Caprock 

Growers survived the Identification. However, another ten of these aphids died 

when transferred to cotton. The twelve surviving cotton aphids were the parent 

colony for all greenhouse tests conducted. No other cotton aphids were added to 

supplement the population. 
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CHAPTER I 

RESULTS 

Original Test 

The results of this test were based solely on cotton aphid numbers per 

plant. No plant health or control data were taken. The results confirmed our 

hypothesis of varying host plant resistance (Table 3.1). The results in Table 3.1 

are presented In mean number of cotton aphids per plant summed over the five-

week check period (n=5). 

On a seasonal basis, Gossypium arboreum, a diploid species, had the 

smallest number of cotton aphids per plant at 85.59; whereas, Stoneville 213 had 

the largest number of cotton aphids at 373.39 (P=0.0058). With the detection of 

varying levels of resistance, we initiated our screening tests. Stoneville 213 and 

G. arboreum were used as standards by which to test other genotypes. 

Screening Test I 

G. arboreum proved to be the most resistant to the cotton aphid. G. 

arboreum had significantly fewer mean number of aphids per plant over the five-

week check season (P=0.0047) (Fig. 3.1). G. arboreum also had fewer winged 

aphids than Paymaster HS-26 and Acala 1517-75 (P=0.0026) and fewer young 

aphids than all other genotypes (P=0.0006), while the number of adult aphids 

was not significantly different seasonally (P=0.0690) (Table 3.2). No statistical 

differences were detected among other genotypes In any aphid numbers. 
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Table 3.1. Mean number of seasonal cotton aphids per plant on cotton 
genotypes tested in the original screening test. ̂  

Cotton Genotypes mean number of aphids 

1. Gossypium arboreum 
2. Tamcot Sphinx 
3. Covey Red 
4. Northern Star 5 
5. CA 3084 
6. Pima S-7 
7. Paymaster 145 
8. CA 3093 
9. Paymaster HS-26 
10. Acala SJ-2 
11. Acala Maxxa 
12. Gregg 65 
13. Lankart 57 
14. Half & Half 
15. Acala 1517-75 
16. Stoneville 213 

85.59 f 
96.49 ef 

122.62 def 
128.01 cdef 
150.54 cdef 
160.29 bcdef 
170.73 bcdef 
193.27 bcdef 
202.25 bcdef 
203.85 bcdef 
209.42 bcde 
219.13 bed 
238.19 bed 
246.44 be 
276.88 ab 
373.39 a 

Mean number of aphids per plant summed over the five-week period (n=5). 
Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Figure 3.1. Mean number of cotton aphids per plant for each check date 
throughout the five-week check season for screening test I. Numeric differences 
in total cotton aphid numbers were noted on week three, but significant 
differences did not occur until week five. Week five ANOVA: P=0.0168, 
LSD=136.1. Seasonal ANOVA: P=0.0047, LSD=60.34. 
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Table 3.2. Mean number of cotton aphids in different life stages "over the 
season" on all cotton genotypes for screening test I. ^ 

Cotton Genotypes winged aphids Adult aphids Young aphids Total aphids 

Paymaster HS-26 10.40 a 86.37 a 74.09 a 170.86 a 

Acala 1517-75 7.28 ab 80.46 a 55.32 ab 143.06 a 

Stoneville 213 6.14 be 69.29 a 62.64 ab 138.08 a 

Tamcot Sphinx 5.72 be 64.20 ab 67.92 ab 127.84 a 

CA3084 4.69 be 56.36 ab 50.00 ab 111.04a 

G. arboreum 3.49 c 24.74 b 16.81c 45.04 b 

Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Paymaster HS-26 and Acala 1517-75 were superior performers compaired 

to G. arboreum and CA 3084 In plant height (P=.0427) (Table 3.3). No other 

plant health measurement was statistically significant. 

Pyrethroid-treated and infested, infested, and control treatment effects 

were significantly different in all genotypes for the number of winged aphids 

(P<0.0001), young aphids (P=0.0146), and on total aphids (P=0.0206) with the 

pyrethroid-treated and infested treatment had 195.81 total aphids per plant, and 

the infested treatment had 151.47 total aphids per plant (Table 3.4). Treatments 

were not significantly different on the number of adult aphids (P=0.1207) (data 

not shown). 
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Table 3.3. Plant health data for screening test I. 

Cotton Number of Plant height Plant weight Number of Leaf surface 
Genotype leaves (inches) (grams) squares area (cm^) 

G. arboreum 3.08 a 1.56 b 3.64 a 0.00 a 66.33 a 

CA3084 3.29 a 1.79 b 5.93 a 0.67 a 70.12 a 

Paymaster HS-26 4.34 a 2.72 a 8.87 a 0.33 a 110.40 a 

Acala 1517-75 4.17 a 2.83 a 7.60 a 0.00 a 93.75 a 

Stoneville 213 3.54 a 2.04 ab 5.24 a 0.00 a 70.83 a 

Tamcot Sphinx 3.72 a 2.03 ab 6.71a 0.00 a 82.19 a 

^ Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Table 3.4. Pyrethroid-treated and infested, infested, and control treatment 
effects on total mean number of cotton aphids "over the season" on all cotton 
genotypes for screening test I. ^ 

Treatment Winged aphids Adult aphids Young aphids Total aphids 

Pyrethroid-treated 
and infested 10.40 a 104.60 a 80.81 a 195.81 a 

Infested 6.04 b 90.11a 55.32 b 151.47 b 

Control 0.00 c 0.00 b 0.00 c 0.00 c 

Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Screening Test II 

The Stoneville 213 seed in screening test was old and did not germinate 

well. Consequently, the Stoneville 213 plants were 10-14 days younger than the 

rest of the test plants and could not support the same high numbers of aphids. 

This skewed the results of the aphid number test and none of the aphid numbers 

were significantly different. G. arboreum and Stoneville 213 had numerically 

fewer total aphids starting the third check week and this trend continued 

throughout the remainder of the test. (P=0.0683) (Fig. 3.2). Numbers of aphids 

at measured life-stages were not significant (Table 3.5). G. arboreum was far 

superior in number of leaves (P<0.0001), plant height (P<0.0001), and number of 

squares (P<0.0001) (Table 3.6). Stoneville 213 and Lankart 57 weighed 

significantly less than G. arboreum and Paymaster 145 (P<0.0001). G. arboreum 

had significantly more leaves than did all other genotypes (P=0.0288). 

During screening test II, the different treatments of pyrethroid-treated and 

infested. Infested, and control had a very limited effect on the numbers of aphids. 

None of the aphid data was significant as a result of treatment. However, plant 

weight (P=0.0193) and leaf surface area (P=0.0308) did show treatment effects 

with the control treatment having the healthiest plants and pyrethroid-treated and 

infested plants being the least healthy on all genotypes (Table 3.7). 
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Figure 3.2. Mean number of cotton aphids per plant for each check date 
throughout the five-week check season for screening test II. Numeric differences 
In total cotton aphid numbers were noted on week three and throughout the 
remainder of the test, but significant differences did not occur. Seasonal 
ANOVA: P=0.0683, LSD=197.47. 
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Table 3.5. Mean number of cotton aphids In different life stages "over the 
season" on all cotton genotypes for screening test II. ^ 

Cotton Genotypes Winged aphids Adult aphids Young aphids Total aphids 

• 
Lankart 57 11.33 a 175.77 a 187.33 a 374.43 a 

Coker 312 10.94 a 151.72a 176.23 a 338.90 a 

Stoneville 213 7.48 a 53.91a 64.51a 125.90 a 

Paymaster 145 5.97 a 157.21a 192.07 a 355.23 a 

Half & Half 10.83 a 134.93 a 163.78 a 309.54 a 

G. arboreum 4.46 a 80.96 a 88.70 a 174.11a 

No significant differences among cotton genotypes were detected within life 
stage categories (P>0.05, ANOVA, protected LSD). 
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Table 3.6. Plant health data for all genotypes In screening test II. 

Cotton 
Genotype 

Number of Plant Height Plant Weight Number of Leaf Surface 
Leaves (inches) (grams) Squares Area (cm ) 

G. arboreum 8.1 A a 

Half & Half 7.06 b 

Paymaster 145 6.69 b 

Coker 312 7.01b 

Stoneville 213 5.12 c 

Lankart 57 6.91 b 

17.26 a 

11.09 b 

10.69 b 

10.26 b 

5.18 c 

9.89 b 

46.65 a 

42.31 ab 

47.15 a 

38.20 ab 

15.89 c 

34.64 b 

3.60 a 

2.69 b 

2.24 be 

2.16 be 

0.46 d 

1.89 c 

638.29 a 

523.59 ab 

611.46 a 

528.79 ab 

352.05 b 

417.54 b 

Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Table 3.7. Pyrethroid-treated and Infested, infested, and control treatment 
effects on plant health means "over the season" on all cotton genotypes for 
screening test II. ^ 

Treatment Number of Plant Height Plant Weight Number of Leaf Surface 
Leaves (inches) (grams) Squares Area (cm )̂ 

Pyrethroid-treated 
and infested 6.76 a 10.30 a 34.23 b 1.95 a 437.23 b 

Infested 6.82 a 10.27 a 34.77 b 2.16 a 451.62 b 

Control 7.20 a 11.62 a 43.32 a 2.41a 647.01a 

Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Screening Test III 

Cotton aphid numbers were significantly different for winged (P= 0.0137), 

adult (P=0.0019), young (P=0.0046), and total ( P=0.0027) aphid numbers dunng 

screening test III starting the third check week and continuing for the remainder 

of the test. G. arboreum held a distinct numerical, but not significant, advantage 

over G. herbaceum. In number of young aphids, number of adult aphids, and in 

number of total aphids and G. herbaceum had fewer winged aphids. The 

genotype MD-51 was not significantly different from G. arboreum or G. 

herbaceum but did have a numerically higher cotton aphid infestation and 

experienced serious leaf curi and other visual symptoms that indicated that It was 

not resistant to the aphid (Fig. 3.3, Table 3.8). G. herbaceum had significantly 

higher numbers of squares (P= 0.0026), but no other statistically significant plant 

health differences were observed (Table 3.9). 

Pyrethroid-treated and Infested, infested, and control treatments were 

significantly different when summed over the five-week check season for 

numbers of winged (P<0.0001), adult (P<0.0001), young (P<0.0001), and total 

aphids (P<0.0001) (Table 3.10). Significant differences between the pyrethroid-

treated and infested treatment and the infested treatment in adult aphids were 

not detected. Treatment effects were also significant on all genotypes for plant 

height (P=0.0113), plant weight (P=0.0319), and leaf surface area (P=0.0101) 

with the control treatment producing the healthiest plants (Table 3.11). 
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Figure 3.3. Mean number of cotton aphids per plant for each check date 
throughout the five-week check season for screening test ill. Numeric 
differences In total cotton aphid numbers were noted on week three, but 
significant differences did not occur until week four and continued through week 
five. Week four ANOVA: P=0.0402, LSD= 67.80. Weekfive ANOVA: P=0.0008, 
LSD=59.648. Seasonal ANOVA: P=0.0027, LSD= 34.704. 
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Table 3.8. Mean number of cotton aphids In different life stages "over the 
season" on all cotton genotypes for screening test III. ^ 

Cotton Genotypes 

Gregg 65 

MD-51 

Stoneville 213 

1985 fcx 84-11 MOP 

G. herbaceum 

G. arboreum 

Winged aphids 

3.18 a 

1.47 abc 

2.46 a 

2.16 ab 

0.42 c 

0.53 be 

Adult aphids 

39.43 a 

20.10 bed 

25.84 abc 

33.02 ab 

10.45 cd 

7.92 d 

Young aphids 

38.09 a 

20.21 bed 

26.00 abc 

33.90 ab 

10.21 cd 

7.57 d 

Total aphids 

80.70 a 

41.78 bed 

54.30 abc 

69.08 ab 

21.08cd 

16.02 d 

Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Table 3.9. Plant health data for all genotypes in screening test 

Cotton 
Genotype 

Number of Plant Height Plant Weight Number of Leaf Surface 
Leaves (inches) (grams) Squares Area (cm ) 

G. arboreum 

1985 fcx 84-11 MOP 

MD-51 

Gregg 65 

Stoneville 213 

G. tierbaceum 

4.10 a 

4.46 a 

4.08 a 

4.58 a 

3.09 a 

4.02 a 

2.34 a 

2.19 a 

2.33 a 

2.12 a 

1.61 a 

1.95 a 

3.44 a 

7.73 a 

6.22 a 

5.21 a 

4.71 a 

5.05 a 

0.18 b 

0.06 b 

0.06 b 

0.02 b 

0.03 b 

0.79 a 

78.93 a 

126.17 a 

90.67 a 

89.50 a 

78.25 a 

88.68 a 

^ Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Table 3.10. Pyrethroid-treated and Infested, infested, and control treatment 
effects on total mean number of cotton aphids "over the season" on all cotton 
genotypes for screening test III. ^ 

Treatment Winged aphids Adult aphids Young aphids Total aphids 

Pyrethroid-treated 
and infested 3.85 a 39.56 a 40.91 a 84.32 a 

Infested 1.26 b 28.82 a 27.06 b 57.14 b 

Control 0.00 c 0.00 b 0.00 c 0.00 c 

® Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, protected LSD). 
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Table 3.11. Pyrethroid-treated and Infested, infested, and control treatment 
effects on plant health means "over the season" on all cotton genotypes for 
screening test III. ^ 

Treatment Number of Plant Height Plant Weight Number of Leaf Surface 
Leaves (inches) (grams) Squares Area (cm )̂ 

Pyrethroid-treated 
and infested 3.94 a 1.87 b 4.85 b 0.17 a 81.09 b 

Infested 4.09 a 1.83 b 4.42 b 0.14 a 67.42 b 

Control 4.13 a 2.58 a 6.92 a 0.26 a 127.59 a 

^ Means within a column followed by the same letter are not significantly different 
(P>0.05. ANOVA, protected LSD). 
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Choice and No-Choice Tests 

In choice and no-choice tests, G. arboreum, CA 3084, Tamcot Sphinx, 

Paymaster HS-26, and Acala 1517-75 were tested against Stoneville 213 

following screening test I. G. arboreum had significantly fewer total aphids in the 

choice cage and in the no-choice cage compared to Stoneville 213 (P<0.0001). 

The mean number of total aphids per plant on G. arboreum in the no-choice cage 

was 34.2 and 49.4 In the choice cage, while the total aphid numbers in the choice 

cage on Stoneville 213 was 178.9 (Table 3.12). The number of aphids on 

Tamcot Sphinx (P=0.5132), CA 3084 (P=0.1258), Paymaster HS-26 (P=0.5245), 

and Acala 1517-75 (P=0.6423) were not significantly different between cages or 

when compared to Stoneville 213. 

In the choice and no-choice test following screening test II, Paymaster 145 

was not significantly different in aphid numbers from Stoneville 213 (P=0.7982) 

(Table 3.12). G. arboreum was not tested again in a choice and no-choice test. 

G. herbaceum was not tested in choice and no-choice tests following screening 

test III due to a lack of viable Stoneville 213 seed. 
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Table 3.12. Mean number of cotton aphids for all Choice and No-Choice Tests 

Mean Number of Cotton Aphids 
Cotton Genotype- Choice Cage No-Choice Cage 

Test 

34.2 a 

121.3a 

268.8 a 

258.8 a 

267.4 a 

244.4 a 

G. arboreum 
Stoneville 213 

CA 3084 
Stoneville 213 

Tamcot Sphinx 
Stoneville 213 

Paymaster HS-26 
Stoneville 213 

Acala 1517-75 
Stoneville 213 

Paymaster 145 
Stoneville 213 

49.4 a 
178.9 b 

130.1 a 
204.4 a 

264.4 a 
202.4 a 

241.4 a 
262.2 a 

253.4 a 
267.6 a 

236.4 a 
261.4 a 

^ Means within a test followed by the same letter are not significantly different. 
(P>0.05, ANOVA, protected LSD). 

44 



Field Tests 

During field trials, G. arboreum exhibited fewer cotton aphids and had a 

lower lint sticky rating. Cotton aphids were found In the field on the cotton test 

plants on July 16, and weekly aphid counts began on July 27 following the first 

pyrethroid treatment. Cotton aphid populations, as a function of genotype, were 

significantly different on that first check date when G. arboreum had fewer aphids 

than Paymaster 145 and Stoneville 213 (P=0.0128) (Table 3.13). These aphid 

population differences continued to Increase throughout the remainder of the 

test, and by August 16, the third check week, G. arboreum had significantly fewer 

cotton aphids than all other cotton genotypes (P<0.0001) (Table 3.13). On 

September 6, the largest population of cotton aphids occurred on all genotypes. 

On this date, the cotton aphid population on Gregg 65 was 45.58 aphids per leaf. 

On that same date, the cotton aphid population on G. arboreum was 3.47 cotton 

aphids per leaf. 

G. arboreum held significant advantages in lint sticky ratings for both the 

September 29 harvest date (P<0.0001) and the October 23 harvest date 

(P<0.0001) (Table 3.14). The results presented are in "stick/ spots per 20-gram 

sample as determined by the H2SD Instrument housed at the International 

Textile Center at Texas Tech University. 
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Table 3.13. Mean number of cotton aphids by cotton genotype on selected dates 
and seasonally, 1999. " 

Cotton Genotypes 

Gregg 65 

Paymaster 145 

Stoneville 213 

Acala 1517-75 

Paymaster 2280 BG/RR 

Paymaster HS-26 

G. arboreum 

July 27 

5.39 c 

12.47 a 

9.78 ab 

9.22 abc 

8.22 abc 

6.58 be 

5.11 c 

August 16 

6.28 ab 

7.64 a 

7.50 a 

4.61 b 

6.08 ab 

4.69 b 

2.03 c 

September 6 

45.58 a 

16.44 be 

21.81 b 

13.97 be 

12.42 bed 

10.14 cd 

3.47 d 

Seasonal 
Means 

15.18a 

10.75 b 

9.29 be 

7.60 e 

7.07 c 

6.38 e 

2.56 d 

^ Means within a column followed by the same letter are not significantly different 
(P>0.05, ANOVA, LSD). 
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Table 3.14. Mean number of sticky spots per 20-gram sample of lint for all 
genotypes on both harvest dates, 1999. ^ 

Cotton Genotype 
Mean Number of Stiekv Spots 

September 29 October 23 

Gregg 65 

Paymaster 145 

Stoneville 213 

Acala 1517-75 

Paymaster 2280 BG/RR 

Paymaster HS-26 

G. arboreum 

32.00 a 

34.75 a 

30.25 a 

28.75 ab 

26.00 ab 

19.75 b 

8.25 e 

45.50 ab 

46.00 ab 

47.25 ab 

54.00 a 

45.50 ab 

41.25 b 

21.00 e 

^ Means within a column followed by the same letter are not significantly 
different. A rating of less than 10 will not cause processing problems. 
(P>0.05, ANOVA, protected LSD). 
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Leaf Sugar Analysis 

Leaf sugar analysis fi-om screening tests varied greatly. The results of leaf 

sugar analyses from the cotton genotypes in screening test I showed major 

genotypie differences in amounts of sucrose and maltose present In the leaves. 

G. arboreum had much higher levels of sucrose and maltose in the leaves than 

did the other genotypes. However, these results cx)uld not be replicated. Major 

HPLC equipment failure occurred between the analysis of screening test I and all 

other screening tests. One or more of these problems were likely present during 

the analysis of creening test I, and the results are considered erroneous. 

The results of the leaf sugar analysis from screening test II were so vastly 

different from Screening test I that the results of screening test II were not 

trusted. Samples were analyzed repeatedly while the equipment was calibrated 

and checked repeatedly until the samples were depleted. No leaf sugar analyses 

of screening test II yielded results different from any other analysis, and the 

results are now considered true. No differences in leaf sugar amounts were 

significant or visible (Table 3.15). 
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Table 3.15. Amounts of sucrose and maltose detected in the leaves genotypes 
in Screening test II. 

Cotton Genotype 

G. arboreum 

Stoneville 213 

Lankart 57 

Coker312 

Half & Half 

Paymaster 145 

Treatment 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, Infested 
Infested 
Control 

Pyrethroid-treated, Infested 
Infested 
Control 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, infested 
Infested 
Control 

Sucrose 

0.001 
0.002 
0.002 

0.001 
0.010 
0.006 

0.002 
0.000 
0.001 

0.000 
0.002 
0.004 

0.000 
0.002 
0.001 

0.001 
0.000 
0.006 

Maltose 

0.007 
0.009 
0.001 

0.000 
0.000 
0.002 

0.000 
0.001 
0.001 

0.004 
0.001 
0.004 

0.001 
0.003 
0.004 

0.000 
0.000 
0.003 

Data are presented In grams per 100 ml of extracted leaf liquid. 

49 



During the analysis of screening test III, the results of Screening test I 

were still considered factual. Screening test III was also analyzed and re

analyzed. The results seemed to agree more with the results of screening test II 

than screening test I. No genotype differences in leaf sugar content were 

significant or visible (Table 3.16). 

In an effort to finally determine whether or not leaf sugar content was the 

mechanism of cotton aphid resistance In G. arboreum, field grown plants were 

tested. No leaf sugar content differences in G. arboreum and other genotypes 

were significant or visible (Table 3.17). 

Due to the lack of genotypie differences in sucrose and maltose In all leaf 

sugar analyses, none of the data was statistically tested for significant variances. 
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Table 3.16. Amounts of sucrose and maltose detected in the leaves of genotypes 
in Screening test III. 

Cotton Genotype 

G. arboreum 

Stoneville 213 

G. herbaceum 

1985 fcx 84-11 
MOP 

Gregg 65 

MD-51 

Treatment 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, Infested 
Infested 
Control 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, infested 
Infested 
Control 

Pyrethroid-treated, Infested 
Infested 
Control 

Sucrose 

0.000 
0.000 
0.002 

0.001 
0.010 
0.009 

0.000 
0.047 
0.000 

0.003 
0.000 
0.001 

0.000 
0.000 
0.002 

0.000 
0.002 
0.007 

Maltose 

0.009 
0.000 
0.000 

0.000 
0.002 
0.001 

0.000 
0.013 
0.004 

0.000 
0.001 
0.002 

0.002 
0.002 
0.007 

0.006 
0.001 
0.003 

Data are presented in grams per 100 ml of extracted leaf liquid. 
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Table 3.17. Mean amounts of leaf sugar detected in leaves of selected 
genotypes grown at Lubbock during the summer of 1999. 

Cotton Genotype 

G. arboreum 

Gregg 65 

Paymaster 145 

Lankart 57 

Sucrose 

28.44 

14.80 

165.50 

64.13 

Maltose 

Undetectable 

Undetectable 

Undetectable 

Undetectable 

Data are in grams sugar per gram leaf tissue. SD for all genotypes =45.897 
grams sucrose. 
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Overwintering Cotton Aphids 

A parthenogenetically reproducing population of cotton aphids consisting 

of 39 aphids was found overwintering on Penstemon barbatus in late February of 

1997. The infested plant was In a greenhouse of Caprock Growers Inc. 

Penstemon barbatus is a common horticultural plant native to the Texas High 

Plains and is cun̂ ently used In horticultural landscapes. 

The cotton aphid population consisted of 3 winged, 9 nymphs, 15 dark 

color morph adults, 8 light color morph adults, and 4 adults of an intermediate 

color morph. Twelve cotton aphids that survived the identification procedures 

were transfen-ed to five plants of the cotton genotype Paymaster HS-26 during 

the third true leaf stage. These plants were placed into a predator exclusion 

cage and were subjected to optimal conditions for cotton aphid development. 

Within 5 weeks, the cotton aphid population grew from 12 aphids to an average 

of 120 cotton aphids per plant. 
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CHAPTER IV 

DISCUSSION 

Screening Tests and Leaf Sugar Analysis 

The cotton genotype Gossypium arboreum cleariy and repeatedly 

demonstrated host plant resistance to the cotton aphid. The results of the 

screening tests show that G. arboreum had fewer total aphids and in most cases, 

had fewer numbers of aphids in different life stages. However, the mode and 

mechanism of the G. arboreum resistance is not understood. Without 

understanding the mode and mechanism of the resistant factor, we can not 

declare what type of resistance is being displayed with any real certainty. 

As described by Metcalf and Luckmann (1994), the types of host plant 

resistance are tolerance, antibiosis, and non-preference. The resistant traits 

exhibited by G. arboreum does not cleariy fit any of these types of resistance. 

Cotton aphids did survive and reproduce on G. arboreum; therefore complete 

antibiosis may be ruled out. Any level of tolerance exhibited by G. arboreum 

could not be measured, because the number of cotton aphids feeding on G. 

arboreum were continuously lower when compared to other genotypes. The 

number of winged cotton aphids produced on G. arboreum was not 

disproportionate when compared to other cotton genotypes during any screening 

test. Also, cotton aphids existing on G. arboreum showed no inclination for 

migration or dispersion to other cotton genotypes. Therefore, true non-

preference may not be considered the type of resistance involved. 
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visual observations of the aphids surviving on G. arboreum confirm that 

they were all of the light color morph or an intermediate color morph but never 

the dark color morph. In addition, these aphids appeared smaller and less 

healthy than the light color morphs on other cotton genotypes, although no data 

were taken to support this observation. The lack of dark morph aphids on G. 

arboreum could be the result of a mild form of antibiosis that did not cause the 

immediate death of the Insect. Instead of causing death to aphids, this mild form 

of antibiosis might cause a drastic reduction in size, health, and in reproductive 

capabilities. This reduction In reproductive capabilities on G. arboreum is evident 

in all screening tests because very low numbers of young were produced and 

lower numbers of total aphids were present (Tables. 3.2, 3.5, 3.8). This mild 

form of antibiosis also may result in the shortening of the adult cotton aphid life 

cycle. However, no data were collected on the life span of cotton aphids 

surviving on G. arboreum. 

Reduction in size, health, and reproductive capabilities of cotton aphids on 

G. arboreum could be nothing more than an expression of non-preference. 

Instead of dispersing from the unfavorable plant, the cotton aphids on G. 

arboreum may be entering a drastic cycle similar to that described by Wall (1933) 

and Kring (1959) that Is essential to survival. The production of the yellow morph 

of cotton aphids on unfavorable hosts has been well studied by these authors. 

The only flaw in this reasoning is that during all greenhouse screening tests 

favorable host plants vŷ re near the repressed aphids on G. arboreum. 
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Efforts were made to determine the mode and mechanism of resistance in 

G. arboreum through leaf sugar content analysis. Despite the results of 

Screening test I, we are certain that the mechanism of resistance does not 

Involve differing levels of sucrose and maltose in the leaves of G. arboreum 

compared to other cotton genotypes (Tables 3.15, 3.16, 3.17). No major 

phenotypic or morphological variations of G. arboreum from other cotton 

genotypes were observed. This genotype is more slender and generally taller in 

Its growth patterns when compared to other genotypes but, no morphological 

factor that is known to affect cotton aphid populations was noted. 

Future efforts should be made to determine the mode and mechanism of 

resistance in G. arboreum. This determination will likely be one of the future 

objectives In studies dealing with the Implementation of cotton aphid resistance 

Into agronomically acceptable cottons. Understanding G. arboreum's mode and 

mechanism of resistance to the cotton aphid will be Important when dealing with 

the implementation and management of the aphid resistant trait in cotton 

breeding programs. 

G. herbaceum also proved to be somewhat resistant to the cotton aphid 

during screening test III (Fig. 3.3, Tables 3.8, 3.9). This resistance may not be as 

complete as G. arboreum. G. arboreum Is considered the best source for 

Implementing the cotton aphid resistant traits into a cotton breeding program. 

However, the resistance of G. herbaceum should not be forgotten and should be 

studied as well for future efforts to maintain or implement the cotton aphid 

resistant traits observed In G. arboreum. 
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The effects of pyrethroid-treated and infested, infested, and control 

treatments in all greenhouse screening tests on cotton aphid numbers and plant 

health agree with the results of Kidd (1995), Kidd et al. (1996), and Kidd and 

Rummel (1997). Pyrethroid treatments do have a definite effect on cotton aphid 

numbers by apparently improving conditions for reproduction (Tables 3.4, 3.7. 

3.10, 3.11). There were no significant differences in aphid numbers among the 

various genotypes treated with a pyrethroid insecticide. This included the 

resistant genotype G. arboreum. Cotton aphids were proportionately as 

abundant on the pyrethroid-treated plants of G. arboreum as any other genotype. 

It was discussed throughout this research that pyrethroid treatments might 

be affecting the abundance of cotton aphids by changing the amount of leaf 

sugar content in cotton. None of the results from our accurate leaf sugar 

analysis support this assumpfion (Tables 3.15, 3.16). 

Field Tests 

The feasibility of adapting G. arboreum to cotton production was indicated 

by fewer cotton aphids per leaf and significantly lower sticky cotton ratings 

(Tables 3.13, 3.14). When not in an enclosed greenhouse situation, the resistant 

traits exhibited by G. arboreum were visually obvious and highly significant. 

Throughout the entire growing season the number of cotton aphids per leaf on G. 

arboreum never inaeased above four aphids per leaf, whereas all other cotton 

genotypes averaged over 20 aphids per leaf on peak population dates. 
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The accepted economic threshold for cotton aphids on green boll cotton in 

the Texas High Plains is 50 aphids per leaf. At no time did any cotton genotype 

in the tests support more that 46 cotton aphids per leaf. However, when open 

bolls are present the economic threshold In the Texas High Plains is 12-15 cotton 

aphids per leaf. All genotypes except G. arboreum had aphid infestations which 

exceeded the economic threshold once open bolls were found. Some open 

cotton bolls were first noted In the test plots on August 20, and the genotypes 

with aphid populations exceeding the economic threshold would have been 

treated with an aphlcide prior to the peak population date of September 6 in a 

production situation. However, these plants were not treated, and a "sticky 

cotton" situation developed. 

Some studies have shown that cotton aphid population development is 

retarded on smooth leaf genotypes (Rummel et al. 1995, Weathersbee and 

Hardee 1994). The only smooth leaf cotton genotype studied in screening or 

field tests was Gregg 65. However, the number of cotton aphids produced on 

Gregg 65 on a seasonal basis was greater than that of any other genotype 

(Table 3.13). These results do not agree with previous research. 

G. arboreum had a significantly lower sticky lint rating compared to other 

genotypes on both the first and second harvest dates (Table 3.14). The harvest 

date of September 29 would represent an eariy harvest date In the test area. Lint 

harvested on this date from G. arboreum would not have caused processing 

problems; whereas, lint from all other genotypes would have caused processing 

problems (Table 3.13). The second harvest date of October 23 represented an 
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average harvest date on the Texas High Plains. On this date, the lint from G. 

arboreum maintained a significantly lower sticky rating compared to other 

genotypes. However, the lint from G. arboreum would likely have caused 

processing problems even though the cotton aphid population on G. arboreum 

never reached the economic threshold. This sticky cotton problem found on the 

late harvested G. arboreum was likely caused by the prolonged exposure to low 

aphid numbers. These results Indicate that even though G. arboreum is resistant 

to the cotton aphid, aphid management by other means may still be necessary in 

some cases. 

It should be noted that recommended cotton aphid management practices 

were not applied In this test. Pyrethroid Insecticide treatments were applied four 

different times. During the course of this field test, bollworm numbers reached an 

economic level one time, and only one pyrethroid treatment would have been 

necessary under a production situation. In addition, this field was near a 

sorghum field with predators and parasites continuously migrating into the test 

field. If not for the additional pyrethroid treatments, the predator population alone 

might have controlled the cotton aphids on G. arboreum. 

OvenA^ntering Cotton Aphids 

The discovery of cotton aphids overwintering on the Texas High Plains on 

Penstemon barbatus agrees with the report of Sanborn (1912) and the 

assumption that cotton aphids primarily overwinter on suitable host plants as 

adults. To date, all overwintering cotton aphids discovered In the Texas High 
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Plains have been found In greenhouses. It is not known if the cotton aphid 

overwinters on horticultural or wild host plants outside of greenhouses in the High 

Plains area. 

The original 12 cotton aphids transferred to Paymaster HS-26 in the 

predator exclusion cage increased to a population of about 600 in just under five 

weeks. This Indicated that if a substantial population of cotton aphids did 

overwinter on the Texas High Plains under natural conditions, these 

oven^ntering individuals might contribute greatly to the summer Infestation in 

cotton. The extent of aphid movement into the Texas High Plains from other 

areas Is not known. However, the area's "native" population may contribute more 

to the summer population than previously thought. 

Conclusions 

In the present study, G. arboreum demonstrated host plant resistance to 

the cotton aphid. Therefore, G. arboreum has been entered into the Texas A&M 

University Cotton Improvement Program at Lubbock. This genotype offers 

challenges In a breeding program. G. arboreum is a diploid cotton and contains 

few agronomic properties desirable to cotton production. However, the aphid 

resistant traits present enough economic possibilities to create interest in 

Improving the agronomic properties of the genotype. 

G. herbaceum has also been entered Into the Cotton Improvement 

Program at Lubbock on the basis that this genotype may be useful in the process 

of transferring the cotton aphid resistant traits into G. hirsutum. This genotype is 
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also a diploid species and was one of the original species involved in the cross to 

produce G. hirsutum. For this reason, G. herbaceum will be invaluable to the 

implementation of resistant traits Into production cotton. Also, G. herbaceum 

may be a source of a resistant trait itself. 

Several other cotton genotypes showed possible mild to moderate forms 

of tolerance during screening tests (Tables 3.3, 3.6). These genotypes were 

Paymaster 145, Paymaster HS-26, Acala 1517-75, and CA 3084. Tolerance 

traits may be useful in producing high yields of cotton under high cotton aphid 

numbers early in the growing season. The possibility of having a cotton aphid 

problem eariy In the growing season is much more likely if the field has been 

treated for boll weevils. For this reason, tolerance traits deserve some attention 

and could be useful for producers Immediately. However, if high cotton aphid 

numbers occur late in the season, which Is more likely, the problem with "sticky 

cotton" faced by producers and the textile mills has not been solved. 
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APPENDIX A 

Screening Tests, Leaf Sugar Extraction Protocols 

1. Select one leaf per plant. All leaves selected will be from the same portion of 
the plant and will be generally the same size and of the same developmental 
stages (second or third leaf from the vegetative terminal). 

2. Remove the leaf from the plant by cutting the petiole at the base of the leaf. 

3. Immediately place leaf tissue Into heated solution of 100 ml of reagent alcohol 
along with a stirring rod. 

4. Boil mixture on a common 'hot plate' with stirring capabilities until the leaf has 
lost all but Its veinular color and is somewhat dissolved. Decant off and save 
extract. 

5. Filter remaining leaf tissue through cheesecloth or filter paper removing all 
leaf matter. 

6. Transfer liquid sample Into air tight storage vials that are large enough to hold 
the sample. 

7. Store vials containing sample in a refrigerated or freezer area until time 
permits analysis. 

66 



HPLC Analysis Protocols 

1. Again filter sample through filter paper. A vacuum system may be helpful. 

2. Boil all remaining alcohol off replacing with exact amounts of distilled water on 
a common 'hot plate.' The sample should never be allowed to scorch' as this 
v\̂ ll ruin the sample. 

3. Allow sample to cool. Measure amount of sample ready for HPLC (final 
volume). Inject sample into HPLC In the normal fashion and amounts. 

4. Concentration ratios may be figured by: area retention sample / area retention 
standard = amount sugar in sample. 
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APPENDIX B 

New Leaf Sugar Extraction Protocols 

1. All leaf extraction v l̂l occur at the same time of day (after 4 PM). All leaves 
selected will be from the same portion of the plant and will be generally the 
same size and of the same developmental stages (the second or third leaf 
from the vegetative terminal). 

2. Remove the leaf from the plant by cutting the petiole at the base of the leaf. 

3. Cut the leaf Into quarters. 

4. Immediately place leaf tissue into heated mixture of 160-ml reagent alcohol 
and 40 ml distilled water (80% alcohol, 20% water) along with a stirring rod. 

5. Boil mixture on a common 'hot plate' with stirring capabilities until the leaf has 
lost all but its veinular color and Is somewhat dissolved. Decant off and save 
extract. Add fresh 160-ml alcohol and 40 ml water. Boll down to roughly the 
same amount. Decant off and add extract to prior extract. Add 100 ml of 
alcohol and boil a third time. 

6. Filter remaining leaf tissue through cheesecloth or filter paper removing all 
leaf matter and add reminisce of last extract to sample. 

7. Allow leaf matter to air dry and record the weight of remaining leaf matter. 

8. Transfer liquid sample Into air tight storage vials that are large enough to hold 
the sefmpfe. 

9. Store vials containing sample In a refî igefa*ed or freezer area ur̂ ll time 
permits analysts. 
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New HPLC Analysis Protocols 

1. Again, filter sample through filter paper. A vacuum system may be helpful. 

2. Boll all remaining alcohol off replacing with exact amounts of distilled water 
on a common 'hot plate.' The sample should never be allowed to 'scorch.' 
For smaller variances In leaf sugar, vacuum drying may be needed for 
accuracy. 

3. Allow sample to cool. Measure amount of sample ready for HPLC (final 
volume). Inject sample into HPLC in the normal fashion and amounts. 

4. Concentration ratios may be figured by: concentration = (final vol.) / (leaf 
weight). 
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