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ABSTRACT

The objective of this study was to determine the interrelation

ship between late season pink boliworm (PBW) (Pectinophora gossypiella 

[Saunders]) infestations in Pima cotton bolls as a first step in 

developing insecticide termination recommendations for PBW control in 

Pima cotton.

Results showed Pima fields which had a high number of young 

and susceptible bolls maturing during late September and October had 

increasing PBW infestations in these bolls during October. Fields which 

did not have high numbers of young and susceptible bolls developing at 

this time had PBW infestations which did not measurably increase during 

October.

High PBW infestations in young and susceptible bolls developing 

during late September and October were not economically damaging because 

of the small percentage of total lint in a field that these bolls 

produced. Infestations in older developing bolls were not very useful 

in determining the need for late season control of PBW, since a large 

percentage of the larvae found in these developing bolls were in 

diapause.

• Late season insecticide applications reduced PBW infestations 

in developing bolls. However, increased yields resulting from these 

applications were questionable, because of the small number of bolls 

protected which produced lint and the high PBW infestations which 

continued in these developing bolls.

vii



INTRODUCTION

The PBW is a serious pest of cotton throughout most of the 

cotton growing regions of the world. In areas of the world where Upland 

and Pima species of cotton are grown together, management of this 

insect can be difficult, because of the different fruiting charac

teristics of the 2 species.

Proper management of the PBW requires the knowledge of the life 

cycle of the pest and also of the fruiting and growth characteristics 

of its host plants. In areas where both Pima and Upland cotton are' 

grown together, this information becomes even more critical because of 

the late fruiting characteristic of Pima cotton compared to that of 

Upland cotton.

Insecticidal control has been the primary method of controlling 

PBW. Economic threshold levels have been determined for initiating 

control of this pest during peak fruiting periods in cotton (Watson and 

Fullerton 1969). However, no published information is available 

concerning the optimum time insecticide applications should be 

terminated at the end of'the season. Because of the fruiting charac

teristics of Pima cotton, protection of late season maturing bolls 

may or may not be advisable for optimum yields.

A key to developing late season control recommendations for PBW 

in Pima cotton lies in determining the interrelationship of late 

season boll maturation and PBW infestation dynamics. This research 

was conducted to evaluate this late season insect^plant interaction,

1



as a first step in developing PBW control recommendations based on 

cotton boll maturation indexes.



LITERATURE REVIEW

Cotton Plant

Cotton belongs to the family Malvaceae or the Mallow family. 

Cultivated cotton belongs to the genus Gossypium Linnaeus. In Arizona? 

two species of'Gossypium are grown for their lint and seed: American 

Upland G_. hirsutum Linnaeus, a short staple cotton, and American 

Egyptian (Pima) G. barbadense Linnaeus, a long staple cotton (Dennis 

and Briggs 1969). In 1977, 92% of cotton grown in Arizona was American 

Upland and 8% was American Egyptian (Anonymous 1978). Pima cotton was 

the variety used in this study, and the rest of this discussion will 

concern this variety of cotton.

Pima cotton or "extra long staple cotton" was first introduced 

into Arizona in 1901. It was hoped that the hot climate and long 

growing season would enagle the development of an extra long staple 

variety to support a new industry. Nine varieties of Pima cotton have 

been grown in Arizona (Taylor 1979). Until 1954, when Pima S-l 

variety was released, Pima cotton needed to be planted before short 

staple varieties and was harvested at the end of the season. In 

addition, irrigation and fertilizer applications had to be critically 

timed (Taylor 1979). With the release of Pima S-l by Bryan in 1954, 

yields were increased 50%, growing season was reduced, and irrigation 

and fertilizer applications were nO.t as critical. Pima S-l cotton is 

unique in that it has short staple genes in its background (Taylor 

1979). Since the release of Pima S-l variety cotton in 1954, four



other varieties have been developed and released in Arizona including 

S-2, S-3, S-4, and S-5. The Pima S—5 variety- was released in 1976 and 

is the variety- grown most in Arizona today (Young? Feas.ter3 and 

Turcotte 1976).

The .growth and development of both short and long staple cotton 

fruiting structures are similar. The rate of development of fruiting 

structures such as squares3 blossoms, and bolls are also similar 

(Taylor 1979, Tharp 1960, Dennis and Briggs 1969).

Under average growing conditions (average temperature 28 C), 

appearance of 'first square occurs about 40 days after seedling 

emergence. Temperatures above or below this average can alter this 

date by 2 weeks. Appearance of first bloom usually takes 25 days 

after squares appear. Temperature is not as critical during this 

stage as it is with the appearance of first square (Tharp 1960). After 

the first bloom, blossoms on the next higher fruiting branch will occur 

about 6 days apart (Tharp 1960).

Cotton Boll Maturation

The period of cotton boll maturation (number of days from 

anthesis to dehiscence) is affected by the cotton plant's.genotype and 

environmental factors, .particularly temperature (Yfoulis and -Fasbuias• 

1973). Ewing (1918) and others found that as temperatures fell, the 

development time of bolls increased. Martin, Ballard, and Simpson 

(1923), Buie (1929), and others observed that Upland and Pima boll 

maturation periods were longer for late flowering dates. Hawkins 

and Serviss (1930), Kerr (1937), and Anderson and Kerr (1938) have



attributed this lengthening of boll maturation to a corresponding 

decrease in temperature. Morris (1964) observed in Upland cotton that 

as the mean maximum temperature increased, the mean boll maturation 

period became progressively shorter. Gipson and Joham (1968a) 

reported that night temperatures were negatively correlated with Upland 

cotton boll maturation. Gipson and Joham (1968b) reported that night 

temperatures below 15 C reduced fiber elongation and night temperatures 

of 20 C were optimum for fiber elongation. They also reported that 

night temperatures above 20 C were optimum for cellulose deposition 

and fiber thickening. Powell (1969) reported that the. rate of boll 

maturation appeared to be primarily a function of the low temperature 

cycle.

Cotton boll maturation has been shown to occur in two distinct 

phases. In the first phase the cotton boll grows to its maximum 

external dimensions, lint fibers attain their maximum length and seeds 

attain their maximum fresh weight. During the second phase, hardening 

of the testa occurs and fiber thickening occurs by cellulose deposition 

on fiber walls. The physiological changes which occur during these 

two phases of boll maturation have been studied and reviewed by Rainey 

(1948).

Temperature regulates the rate of boll maturation by affecting 

the plant processes which are either directly or indirectly involved 

with boll maturation (Rainey 1948). Some plant processes which are . 

involved with boll maturation are photosynthesis, sugar translocation 

to developing bolls, sugar transformation to cellulose and other 

products, and cellulose disposition on fiber walls (Yfoulis and



Fasoulas 1973). The optimum temperature for boll maturation appears to 

be that which favors at the same time9 photosynthesis, sugar transiocap

tion, and transformation into higher products within the maturing boll, 

but limits other processes such as high respiration (Yfoulis and 

Fasoulas 1973),

Studies which have been performed in the field and under 

controlled environmental conditions to determine the effect that 

temperature has on boll maturation have varied results, Gipson and 

Joham (1968a) using portable environmental growth chambers in the field 

found that relative fruitfulness (number of bolls per 100 grams fresh 

top weight) increased as night temperatures decreased between the 

interval of 21* and 14.4°C for acala varieties of Upland cotton. 

Temperatures above 19.4° and below 13.3°C reduced fruiting index (weight 

bolls per weight of stems and leaves), Grant, Orr, and Powell (1966) 

found that the optimum temperature for cellulose synthesis and fiber 

thickening was.a constant temperature of 29.4°C. 0 1Kelley and Carr

(1953) suggested that decreasing temperatures from 21.8° to 14.7°C 

reduced the rate of fiber elongation and that 14.7°C was the minimum 

temperature at which Upland cotton fibers elongated. Under controlled 

environmental conditions, Hesketh and Low (1968) found that the optimum 

boll production temperature for 3 Upland cotton varieties under 370 

langleys of radiation per day are: 30°C during the day and 25°C during 

the night. They also found that the optimum temperatures for boll 

weight (weight of seed cotton per boll) were 27°C during the day and 

22°C during the night.



Physical and chemical properties of cotton fibers have been 

shown to be associated with the temperature prevailing during fiber and 

boll development. Fineness (micronaire), per cent cellulose, degree of 

crystallinity, and degree of polymerization have all been implicated 

(Hessler, Simmions, and Lane 1957; Hessler, Lane, and Young 1959). 

Gipson and Joham (1968b) suspected that the optimum temperature for 

fiber development is above 20° and below 38°C. Results of their 

research in portable environmental chambers placed in the field showed 

that maximum fiber length for three varieties of Upland cotton occurred 

between 15° and 21°C, with reductions occurring above or below this 

range. When the effects of night temperatures on the rate of fiber 

elongation were compared to the rate of cellulose deposition, measured 

by gain in dry weight of fibers, it was shown that temperatures of 

15° to 20°C produced a Q^q of 1 for fiber elongation. Whereas the 

for dry weight fiber gain was substantially above 1. To these 

researchers, these differences in rates indicated fundamental differ

ences in factors controlling elongation and cellulose secondary wall 

deposition.

The variations in boll development are also critically 

dependent on the availability of moisture (Tharp 1960). High soil 

moisture can prevent proper aeration of soil and cause a reduction in 

root development. Also high relative humidity levels can increase the 

incidence of boll rot organisms, reducing the quantity of lint 

harvested (Tharp 1960). Moisture stress during fruiting of the cotton 

plant can cause shedding of squares and young bolls (Tharp 1960). When 

bolls mature under drought conditions, the seeds are lighter than



normal, oil content is lower, and the lint to seed ratio is higher 

(Tharp 1960)„ However some moisture stress late in the stages of boll 

development tends to assure relatively strong fibers (Tharp I960).

Other environmental factors that affect fruiting of the cotton 

plant include light, nutrients, and plant spacing. Both cultivated 

species of cotton grown in the United States are day neutral plants 

(Tharp 1960). They do, however, respond to daily illumination or 

accumulated radiant energy (Tharp I960). Fruiting activity of the 

cotton plant can be influenced by total radiation. Research has shown 

that prolonged cloudiness can cause excessive shedding of both small 

squares and young bolls.

The availability of nutrients can critically influence the 

fruiting and growth of the cotton plant (Tharp 1960). The maximum 

accumulation of nutrients occurs during the fruit set stage of develop

ment (Tharp 1960). A variation in the supply of nitrogen, phosphate, 

and potash can cause characteristic alterations in the growth and 

fruiting of the cotton plant (Tharp I960).

When cotton plants are grown in dense stands, their seasonal 

pattern of both vegetative and fruiting development differ strikingly 

from that of plants grown without competition. Close spacing can 

affect the quantity and quality of yield by increasing the number of 

bolls produced per acre, and at the same time reduce their size 

(Tharp I960).'— : *



Pima Cotton Fruiting Pattern 

The peak fruiting pattern of Pima cotton appears to he later 

in the season than that of short staple varieties (Taylor 1979). 

Unpublished research from a 2 year study in Marana5 Arizona showed 

that peak flowering occurred during mid-August of both years (Taylor 

1979). This research also showed that-JEl.Qw.ers which opened after the 

middle of August for both years produced around 50% of the total yield 

for each year (Taylor 1979). Bolls which developed from these 

flowers took from 65-75 days to develop (Taylor 1979). This researcher 

also found that flowers which opened after September 7 produced few 

bolls which were harvestable. Similar research conducted in 1975 in 

both Safford and Phoenix supports these results (Butler, Kittock, and 

Pinhas 1979).

The Pink Bollworm 

The pink bollworm, Pectinophora gossypiella (Saunders) is a 

serious pest in cotton. The pink bollworm (PBW) probably originated 

in India and was„spread.byvlnfested seed.-to other countries growing 

cotton. The first infestation in the United States occurred in Herne 

County, Texas in 1917 (Adkisson, Wilkes, and Johnson 1958). ' In 1926 

PBW were found on cotton.in the eastern counties of Arizona (Wene - 

et al. 1965). The PBW is now a serious cotton pest in most of the 

cotton producing counties in the state.

The PBW adult is a small greyish brown moth with a wing spread 

of 15-20 mm (Busk 1917). The adult female PBW oviposits most of her 

eggs over an 8 day period (Adkisson et al. 1958). Oviposition occurs



10
during the evenings, usually- Before 10. o ? clock midnight (Lukefahr and 

Griffin 1957.) . These eggs can be oviposited indiscriminately on the 

plant, but the preferred spot is between the calyx and carpel wall at 

the base of the boll. Other less favorable spots are terminals, 

petioles, and squares (Lukefahr and Griffin 1957). At 25°C, the 

incubation period is approximately 6 days (Butler and Henneberry 1976). 

Under controlled laboratory conditions at an average temperature of 

25°C, the average adult life span is around 42 days (Butler and Foster 

1979).

PBW larvae feed on the seeds of only one boll during their 

developmental period. Depending on. the temperature, larval develop

ment can vary from 11 to 36 days (Butler and Henneberry 1976), In 

Arizona, larval development passes through four instars. First instar 

larvae enter bolls immediately or within 1/2 hour after hatching 

(Brazzel and Martin 1955). First instar PBW larvae have also been 

shown to migrate from highly infested bolls to low infested bolls 

(Brazzel and Martin 1955). Within a cotton boll, PBW larvae have been 

shown to be antagonistic to one another. At the end of their 

development, fourth instar larvae cut an exit hole in the carpel wall 

of the boll and fall to the ground where they pupate (Noble 1969).

Beginning in September, a higher percentage of PBW larvae 

remain in the bolls in which they developed and enter diapause. By 

the middle of October, 90% of ̂ the -developing :larvae enter diapause 

(Watson et al. 1974; Adkisson, Bell, and Wellso 1963). Photoperiod 

and temperature are the environmental factors which trigger diapause 

in PBW larvae (Noble 1969; Adkisson, Bell, and Wellso 1963),
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DIapausing PBW larvae, overwinter in bolls3 gin trash and seeds, and in 

the soil (in Arizona).

Under optimum conditions, the PBW can complete its life cycle 

in 25-30 days (Noble 1969)• During one cotton season 4-6 generations 

can occur. The PBW is best adapted to a dry climate and a relatively 

long cotton growing season (Noble 1969).

PBW Population Dynamics 

Availability of cotton fruiting structures, particularly bolls 

14 days or older, help to determine the carrying capacity of a PBW. 

population. The length of time that a boll is susceptible to PBW 

infestation varies with the species of cotton. Van Steenwyk, Reynolds, 

and Ballmer (1976) found that Upland cotton bolls that were 14^21 days 

old contained the greatest mean number of first, second, and third 

instar larvae per boll. These authors also observed that first instar 

larvae were capable of attacking Upland cotton bolls of all ages, but 

they could not penetrate the carpel and inner carpel lining of bolls 

over 22 days old. Upland cotton bolls older than 22 days old are fully 

grown, dry, and contain well-developed lint. Bolls younger than 14 

days are not fully.grown, .contain poorly developed lint, and have a 

high moisture content.'-; Susceptible bolls, bolls 14-21 days old,. are 

fully grown and have a moisture content of 79 to 83%. According to 

Van Steenwyk,-et~al. (1976), susceptible ,bolls contain no -PBW-.exit holes 

or fourth or fifth instar larvae.

No studies have been performed to determine what boll age group 

is susceptible to PBW infestation in Pima cotton. Unpublished research
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has shown that Pima cotton bolls may be susceptible to PBW infestation 

for a longer period of time than Upland cotton bolls. Another possi

bility may be that since Pima cotton fruiting occurs later than Upland 

cotton the period of susceptibility may be longer due to slower boll 

development during late August and September.

Biotic factors which help to regulate PBW populations include 

18 parasitic hymenopterous species, four of which are egg parasites 

(Noble 1969). Insect pathogens such as fungi, bacteria, and a 

cytoplasmic virus have been found in diseased PBW larvae from laboratory 

and field cultures. Lukefahr and Griffin (1962) observed a Bethylid 

parasite.(Epyres species) to be very active in seeking but fourth 

instar larvae during the time of day when peak larval emergence 

occurred. Not much work has been done to determine the predators which 

feed on PBW larvae and eggs. Slosser and Watson (1972) observed Qrius 

sp. and Chrysopa larvae feeding on PBW larvae and eggs. Noble (1969) 

believes that many of the arthropods that prey on other lepidopterous 

cotton insects also feed on eggs and larvae of PBW but to a lesser 

degree because of the larval habitat.

Abiotic factors can influence the survival and development times 

of eggs, larvae, and adults in a PBW population. Temperature has been 

shown to influence PBW population growth (Phillip and Watson 1971; 

Hussien et al. 1962; Graham, Glick and Quye 1967). Phillip and Watson 

(1971) showed that temperature influenced population increase by 

affecting larval mortality, development time, and fecundity. High 

temperatures reduced age specific fecundity rates and per cent hatch.

Eye and Surber (1971) reported that egg survival was directly affected
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by temperature and exposure time. ■Eye and Bonham (1970) reported that 

soil temperatures in,Arizona became hot enough - to cause mortality of 

immature boll weevils in fallen squares. Eye (1971) has also indicated 

that soil surface and immediate subsurface temperatures in early season 

are sufficient to cause mortality of mature PBW larvae seeking pupation 

sites.

Moisture has been shown to influence PBW population growth. 

Russian et al. (1962) have shown that high humidities can increase 

adult longevity, but reduce average fecundity per female. Eye and 

Surber (1971) noted that high humidity compensated for the effects of 

long exposure to high temperatures. Adkisson (1959) also reported that 

egg survival was greater at high humidity levels. High moisture condi

tions can also influence survival of overwintering populations of PBW. 

Low moisture conditions during the fall and winter are favorable for a 

high survival of PBW (Noble 1969), but spring rainfall and/or irriga

tions have been shown to increase survival of overwintering PBW 

populations (Watson et al. 1974, Watson et al. 1978, Watson and Larson 

1968). Heavy rainfall during winter and spring months have been shown 

to decrease survival of overwintering populations (Noble 1969, Wene 

et al. 1965). '

Wind is an important factor in dispersal' of PBW populations. 

Research which has shown the ability of wind to disperse PBW popula

tions include: Click (1939, 1967), Click and Noble (1961), and Manley 

(1978). Slosser and Watson (1972) attributed a drop in a PBW population 

in their research field in August to a wind storm which dispersed PBW 

out of the field.* The dispersal of PBW out of cotton fields late in
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the season is aided by wind (Kaae et al. 1977, Manley 19785 Wene et al. 

1965).

Photoperiod has been shown to be an important factor in 

inducing diapause in PBW (Adkisson, Bell, and Wellso 1963). Diet and 

temperature have also been shown to influence diapause in PBW larvae 

(Ashok, Raina, and Bell 1974).

PBW populations in fields tend to begin at low levels in squares 

and blossoms and progressively increase rapidly, regularly infesting 

100% of bolls before being checked by the first frost (Loftin, McKinney, 

and Henson 1921; Slosser and Watson 1972). Many studies have been 

done to explain this low infestation early in the season and the rapid 

increase late in the season. Slosser and Watson (1972) suspected that 

high daytime temperatures greatly increased egg and larval mortality 

while low nighttime temperatures reduced adult fecundity. These 

factors interacted to prevent population increases in June. Eye. and 

Poole (1971) attributed rapid PBW population increases to modifications 

brought about by shading in the plant canopy. To these workers, this 

resulted in improved fecundity and egg hatch allowing the population 

to increase in July and August. Slosser and Watson (1972) reported 

that population increases coincided with the summer rainy season.

Larson and Huber (1975) hypothesized that low populations early in the 

season may be due to a combination of factors, including changing 

fecundity and mortality rates.

PBW emergence can occur from mid-March to late August, depending 

on the area (Adkisson et al. 1958, Wene et al. 1965). Temperature and 

moisture are important factors affecting the emergence of overwintering
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FEW larvae. Brazzel and Martin (1957) have shown that average 

temperatures below 23°C caused an immediate reduction in the emergence 

of PEW moths. Rainfall also had an effect, since moth emergence 

increased within 10 to 14 days following 1.25 cm or more of rain. Moth 

emergence dropped sharply following 2 or 3 weeks of dry weather. Wene 

et al. (1965) showed that, PEW moth emergence in Safford, Arizona, 

occurred from the middle of March to August, depending on the tempera

ture. They showed that peak emergence coincided with the early 

fruiting period of cotton planted early.

Late season PEW population growth is affected by environ

mental factors such as temperature, moisture, and wind. All of these 

factors can be modified by cultural practices such as irrigation 

termination and defoliation (Watson and Larson 1968; Watson et al.

1974; Wilkes, Adkisson, and Cochran 1959; Watson et al. 1978).

Adkisson (1962) showed that the application of defoliants hastens the 

opening of mature bolls for earlier harvest and will delay buildup of 

PEW boll infestations by approximately 3 weeks. Defoliation also helps 

to reduce overwintering PEW populations in a field.

An important biotic factor which affects late season PEW boll 

infestations is that of susceptible boll density. Depending on the 

species of cotton grown, fruit production will terminate at different 

times late in the season. Upland cotton tends to stop producing 

squares and flowers around the middle of September; Pima cotton tends 

to produce fruiting structures as long as weather permits. Because 

Upland cotton tends to cut out in mid-September, the carrying capacity 

in this cotton species is often reached by PEW populations (Slosser
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and Watson 1972). Because Pima cotton is still setting bolls, these 

fields usually attract PBW from other fields in the area (Wene et al. 

1965)„ This dispersal into Pima cotton fields increases the possi

bility of infestations in developing cotton bolls late in the growing 

season.

Temperature appears to be a very important factor in 

regulating late season PBW populations. Low temperatures, in conjunc

tion with photoperiod, induces diapause in PBW (Watson et al. 1974; 

Adkisson, Bell, and Wellso 1963). In addition, low temperatures slow 

the development rate of PBW larvae, and so lengthen the generation time. 

Finally,' low temperatures also slow the growth and development of 

bolls on cotton plants. The first frost usually kills all of the young 

developing bolls and increases the maturation of more mature unopened 

•bolls (Young 1979).

PBW Control

Control of the PBW has primarily been through the use of 

insecticides. Insecticides which are currently registered in Arizona 

to control .the.PBW include: .methyl.parathion, azinphosmethyl, carbaryl, 

thiodan, pyrenone, ambush,vpounce, and pydrin (Moore 1979).

- Since mo s t of. the, 1 i f e of _ the. . la rva 1 stage of the /PBW is spent 

within a cotton fruiting structure, the susceptible stages of the life 

cycle to insecticides include the. eggs, newly hatched, larvae^, emerging 

fourth instar larvae,; and adults (Robertson 1948). Williams, Brazzel, 

and Martin (1958) have shown that azinphosmethyl and methyl parathion 

significantly reduced the number of larvae entering a boll. They
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observed that only- the larvae which attempted to enter the bolls above 

the calyxes were killed by insecticides, However? 75% of the larvae 

that gained entry into untreated bolls did so above the boll calyxes? 

even though the eggs from which they emerged had been placed under 

the calyxes. This suggests that some degree of field control can be 

obtained from the mortality of newly hatched larvae which disperse 

from protected sites where the eggs were oviposited. Williams et al, 

(1958) showed that azinphosmethyl, parathion, and DDT had an ovicidal 

effect on PBW eggs.

PBW adults have been shown to display a circadian susceptibility 

to an insecticide when entrained under a light/dark* ’photoperiod of 

14 hours/10 hours (Ware.and Me Comb 1970). This photoperiod was chosen 

to resemble field conditions during the summer months. Male adult PBW 

were consistently more susceptible than the females. Both sexes were 

much more susceptible 1 hour after lights on than at any other time.

The males were also more susceptible 2-1/2 hours after the light period. 

This corresponded to the femalesT most tolerant period.

The importance of an efficient and economical insecticide 

application schedule to control insect pests has been known for a long 

time. Isely (1950) stated.that correct timing of insecticide applica

tions was as important as the choice of the insecticide. Isely and 

Barnes (1951) stated that the greatest returns from dust insecticide 

applications may be obtained if control measures are concentrated in 

the period of highest cotton fruiting and continued as long as protec

tion is necessary. Boyer, Warren, and Lincoln (1962) showed that the 

timing and most efficient use of insecticides can be accomplished if



18
. a scouting program is used. Carruth and Moore. (1973) showed that an 

area-wide scouting program which scouted 11,152 acres of cotton per week 

over 3 seasons reduced pesticide applications by 84%, 82%, and 71% 

compared to a previous program in which 13,263 acres of cotton 

automatically received 6 insecticide applications.

Proper insecticide application schedules not only reduce crop 

protection costs but will also reduce or prevent outbreaks of other 

pests such as bollworms, budworms, aphids, and spider mites. Such 

outbreaks might occur if their natural enemies were destroyed by over

use of insecticides. Resistance to insecticides would be slowed as 

well as the-contamination of the environment by toxic residues (Watson 

and Sconyers 1965, Carruth and Moore 1973).

Evaluation of insecticide application schedules has been 

conducted since chemical control, of cotton insect pests began. Most 

research has been directed toward control of the boll weevil Anthonomus 

grandis grandis Boheman, the boll worm Heliothis zea Boddie, and the 

tobacco budworm Heliothis virescens (Fabricius) (Watson and Sconyers 

1965; Cowan, Parencia, and Davis 1959; Hanna and Gaines 1952; Cowan,

Parehci'ay%nd:\pavis'-1956;': -Gaines,•'''Owen,- and Wipprecht. 1947; Bondy 1939). 

Research has shown that early season spraying to control boll weevils 

usually kills predators and parasites of other pests resulting in 

greater injury and loss of yield to these pests. When multiple pest 

situations arise, insecticide scheduling which takes into account the 

controlling of these pests and the potential damage that they may 

cause, usually resulted in maximum yields. Hanna and Mistric (1953) 

showed that the number of insecticide applications during the late



season boll weevil/bollworm infestation period could be reduced and the 

maximum yield obtained if the applications could be confined to the 

period which usually corresponds to the bollworm infestation period. 

Watson and Sconyers (1965).showed that when the cotton bollworm and 

tobacco budworm were the major pests in cotton, applications to control 

the boll weevil should not begin until boll weevil infestations reached 

the 25% level. In their three year study which compared 3 insecticides 

and 6 application schedules the full season schedule resulted in the 

lowest yields of the 6 application schedules during two of the three 

years.

Insecticides are applied to control PBW infestations in fields 

when a predetermined number of bolls are infested by PBW larvae, and 

is continued until most of the harvestable bolls are open (Noble 1969; 

Adkisson et al. 1958; Adkisson, Brazzel, and Gaines 1963; Watson and 

Fullerton 1969). The infestation level at which insecticide applica^ 

tions are begun has been the topic of much study. After studying, the 

effect of PBW infestations on the loss of quality and yield, Adkisson, 

Brazzel, and Gaines (1963) stated that a IQ to 15% boll infestation in 

cotton grown under irrigated conditions warranted insecticidal control.

Watson and Fullerton (1969) were unable to detect yield differ

ences in plots sprayed 10, 15, or 19 times. They also found no 

significant yield reduction in plots with larval infestations of 42,

15, 15, 21, and 25%. They concluded that control -measures - were-not - 

warranted before at least 20% of the green bolls were infested. 

Henneberry et al. (1977) found that when PBW infestations of over 50% 

occurred during initiation and peak development of cotton bolls, yields
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were significantly reduced by these PBW infestations. They suggested 

that the time of highest PBW infestation in relation to peak boll 

production must be considered when deciding when to treat for PBW 

infestations. Other factors which would affect initiation of PBW 

spray programs include: presence of other pest populations such as the 

budworm/bollworm complex, cotton leafperforator, and the presence of 

boll rot organisms such as Aspergillus flavis. The type of cultural 

practices used in the production of the cotton crop such as irrigated 

or dry land farming and the estimated yield and the value of the crop 

that the grower is trying to protect are also factors which must be 

considered when deciding to control.the PBW.

No published research was found which discussed late season 

termination of insecticide application in control of the PBW. Mistric 

and Covington (1969) found in North Carolina that the end of squaring 

of cotton with a short fruiting cycle was a good economic indicator to 

terminate insecticide applications for the control of the boll weevil.

In their first test they compared two insecticide treatments applied at 

approximately five day intervals, beginning when boll weevil infesta

tion reached 10% until the end of squaring (less than one square per 

linear foot of row), and 3 applications after the. end of squaring.

When the results' of the two schedules were compared, they found that 

the three applications, after squaring ended, did not significantly 

lower adult boll weevil infestations or increase the yield of 

cotton.
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Cultural Control of the PBW 

The main emphasis of cultural control of the PBW is aimed at 

reducing the number of PBW which overwinter in a field. Several 

methods are used to eliminate the cotton plant before most of the 

larval population enters diapause3 which is after the middle of 

September (Watson et al. 1974; Adkisson, Bell, and Wellso 1963).

Two of these methods include early irrigation termination dates 

(Watson et al. 1978), and use of dessicants and defoliants to dry up 

cotton and cause bolls to mature rapidly (Adkisson et al. 1958;

Adkisson 1959). Chemical removal of maturing bolls late in the season 

through the use of plant growth hormones and 2-4D has shown promising 

results (Bariola et al. 1976)-. Legal control measures such as 

mandatory plow down dates and uniform late planting dates, have been 

shown to be very effective in reducing the PBW to a minor pest status 

in Texas (Adkisson et al. 1958, Adkisson and Gaines 1960),

Other cultural practices during the winter have been shown to 

cause high mortality in diapausing larvae. Stalk chopping and several 

different tillage operations, such as discing and plowing, have been 

very effective at reducing PBW populations (Watson and Larson 1968, 

Wilkes et al. 1959, Watson et al. 1974). Several winter irrigations 

timed correctly can cause high mortality in the season before the 

cotton plant is vulnerable to infestation.

Pheromones

Early season suppression of PBW through mass trapping or mating 

disruption by air permeation has been reported to be effective in
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reducing PBW infestations to a point that fewer insecticide applications 

were needed later in the season to keep the population from exceeding 

economic limits (Huber, Moore, and Hoffman 1979; Kaae et al. 1977).

PBW Damage

PBW larvae will infest squares and young bolls of Upland cotton 

but bolls 14 to 21 days old are the preferred larvae food (Noble 1969; 

Adkisson, Bell, and Wellso 1963). Most infested squares will mature 

and develop normal flowers and bolls „ Some squares.- that are7 infested 

when they are young will be shed by the plant, but this loss in number

; is minor. The infestation in squares .is generally not considered

important in reducing yields. Infested blooms generally will have 

their petals tied together with a silk thread and will not open 

correctly. Rosetted blooms, as they are commonly called, are one of 

the first signs of PBW infestation in Upland cotton (Adkisson et al. 

1958). Rosetted blooms in Pima cotton cannot be used as an indicator 

of PBW infestations, since some Pima blooms rosette naturally.

PBW larvae feeding in bolls can result in a loss of quality 

and a reduction in yield weight. Infestations, over 50% can cause a 

significant loss in ,yield weight. ... Lower infestations can cause a loss

v - in cotton lint quality and strength, •but will not significantly reduce

the yield weight (Noble 1969; Adkisson, Brazzel, and Gaines 1963). Loss 

in seed cotton yield weight usually results from bolls becoming 

unharvestable as a result of heavy PBW infestations or infestation by 

boll rot organisms which completely destroy the contents of a boll 

previously infested by PBW larvae (Adkisson et al. 1958; Adkisson,
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Brazzel, and Gaines 1963). Reduction in quality of yield results from 

larval movement through cotton lint which results in discoloration and 

reduced fiber length and strength. Larval feeding in seeds results 

in reduced protein and oil content and increased free fatty acids 

(Adkisson, Brazzel, and Gaines 1963).

The age of the boll when infested by PBW larvae can determine 

the amount of quality loss due to larval presence. Lukefahr and Martin 

(1963) found in Upland cotton that older bolls were damaged less by 

larval feeding. Bolls less than 20 days old when infested showed a 

decrease in fiber length and strength at all levels of infestation.

The staple length and fineness were lowered in younger bolls, but were 

less evident in older bolls. Lukefahr and Martin (1963) also showed 

that the reduction in lint quality and quantity was not proportional 

to the number of larvae present. They showed that one larva per boll 

could cause as much damage as 2 or 3 larvae. However, the lint 

percentage was usually lower in heavily infested bolls. Lukefahr and 

Martin (1963) concluded that PBW damage is greatest when climatic and 

agronomic factors are favorable for production of high,quality cotton. 

When cotton in uninfested checks is of poor quality, the effects of 

PBW infestation cannot be measured.



MATERIALS AND METHODS

This study was conducted in Graham County in southeastern 

Arizona near the towns of Thatcher and Pima from September 15 through 

November 10, 1978. The agricultural region around Thatcher and Pima 

is 900 meters above sea level and the major crop grown in this region 

is cotton. Both Pima and Upland cotton are grown; however, the major 

species grown is Pima cotton. Pima variety S-5 is the major Pima 

variety grown and was the variety used in this study.

Nine privately owned Pima cotton fields, averaging 16.2 

hectares each, were utilized. These nine fields were situated around 

Thatcher and Pima in the following way. Three fields, C-2, 2C-2, and 

2C-59, were adjacent to one another and located on the northwest side 

of Thatcher. Three other fields, C-12, C-14, and 033, were located 

about 2.5 kilometers north of the first three fields along the south 

side of the Gila River. Fields 8D-300 and D-ll were located 6 

kilometers northwest of C-33 on the northwest side of Pima. The last 

field, D-30, was located about 2 kilometers northwest of D-ll and 

about 8.5 kilometers northwest of 2C-2. Figure 1 is a map of the 

Thatcher and Pima area and shows the location of all nine fields. The 

nine fields were owned and managed by three cotton producers, each 

having three fields.

Cotton production practices such as planting dates, irrigation 

schedules, fertilizer use, and weed control were determined by the 

grower managing the-field. Control of cotton insect pests was aided by

24
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Figure 1. Map of Thatcher, Pima Area Showing Location of Fields Used 
in Study
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a grower-sponsored cotton pest management program (Carruth and Moore 

1973)o The program monitored insect populations on a weekly basis and 

made control recommendations when pest populations reached economic 

threshold levels of 10 to 15%. All of the fields used in this study 

were mass trapped early in the season using the Huber oil trap (Huber 

et al. 1979) baited with the PEW sex pheromone gossyplure.

Methyl parathion and toxaphene mixed at a ratio of 3 liters to 

1.5 liters were applied by airplane at a rate of 3.13 liters per 

hectare for PEW control. Methomyl was applied to fields C-2, 2C-2, 

and 2C-59 by airplane at a rate of 0.15 kilogram per hectare on 

September 17 for control of cotton leafperforator. Table 1 lists the 

number of insecticide applications and their dates for each field in 

this study. Fields D-ll and C-33 were divided in half with each half 

field receiving a different number of insecticide applications. PEW 

boll infestations and cotton boll development were monitored in each 

half field throughout the study.

Plant Development

Plant development was taken from each of the 9 fields by. 

dividing xeach field into 5 sections and examining 5 plants in each 

section. Plants which were examined represented the average cotton 

plant in each section in height and fruiting development. Plant 

development data were collected from each field on three dates:

September 15, September 28, and either October 29 or November 10. The 

number of main stem nodes on each plant examined was noted as well as 

fruit production. Fruit development was divided into five major age
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Table 1. Insecticide spray dates for the Safford, Arizona area during 

1978.a

Field Spray Dates Applications

D-ll
East August 29; September 4, 10, 16, 22 5

D-ll
West August 29; September 4, 10 3

C-33
East September 11 1

C-33
West September 11, 18 • 2

8D-300 August 24, 30; September 5, 11 4

C-12 August.24, 30; September 5, 11 4 .

C-2 
2C-2 
2C-59 •

August 8, 14, 20, 26; September 1, 8, 14, 25 8

D-30
C-14

Unsprayed

^Insecticide used: methyl parathion, toxaphene mixed at a ratio 
of 3 liters to 1.5 liters applied aerially at a rate of 3.13 liters per 
hectare. Methomyl was applied to fields C-2, 2C-2, and 2059 by 
airplane at a rate of 0.15 kilogram per hectare on September 17 for 
cotton leafperforator control.



28

classes: (1) 10 day old squares and blossoms, (2) young bolls, (3) 

susceptible bolls, (4) old bolls, and (5) open bolls. A square 

1 1 centimeter by 0,5 centimeter or larger was considered at least 10

days old. Any boll smaller than 2 centimeter by 1.5 centimeter and 

filled mostly with liquid was classified as a young boll. Susceptible 

bolls were larger than 2 centimeters by 1.5 centimeter and filled 

mostly with developing lint. When compressed between thumb and index 

finger, susceptible bolls were compressed about 6.25 millimeters (1/4 

inch). Old bolls were also larger than 2 centimeters by 1.5 centimeter, 

but were not capable of being compressed easily, Open bolls were all 

bolls which were open and had hard dry carpel walls.

Susceptible and Old Boll Infestations 

Susceptible and old boll infestations were measured twice 

during this study, on September 23, 24 and October 7, 8, from each of 

the 7 whole fields and the 4 half fields. Each field and half field 

was divided into 6 sections and 10. susceptible or old bolls were 

sampled. Each boll was examined for the presence of PBW larvae and 

exit holes. The age and number of larvae found in each boll were 

recorded. The age of larvae was based on coloration and size. Larvae 

which were not pinkish in color and were smaller than 4 millimeters 

in length were considered young larvae (first and second instar).

Larvae larger than 4 millimeters and pinkish to red in color were 

considered mature larvae (third and fourth instar.) .
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Whole Plant Samples

Whole plant samples were taken from each of the whole and half 

fields in this study on either October 28, 29, or November 10. The 10 

plants were taken from areas of each field which had the highest 

density of susceptible and old bolls present. To reduce variability 

between field samples, whole ...plant, .samples chosen were at least 91.4 

centimeters (36 inches) high and had between 26-28 main stem nodes.

The number of main stem nodes as well as the plant’s fruit

production was recorded. The same procedure used to record a plantf s 

fruit production earlier in the study (see Plant Development) was also 

used here. However, the number of 10 day old squares,blossoms, young, 

and susceptible bolls observed on plants sampled were negligible. In 

order to make more efficient use of time, only old and susceptible 

bolls were sampled.

Old and open bolls were examined for the presence of larvae and

exit holes. The number of larvae, their approximate age, and the

number of exits for each boll age classification were recorded. Bolls 

which had more than 1 larvae or exit hole were classified as multiple 

infested bolls. The number of rotten bolls for each boll age 

classification were also recorded. A rotten boll was defined as any 

boll which had 1 or more lockules seriously damaged by boll rot 

organisms.

Plant Density

The number of plants present in 0.004 hectare (1/1000 acre) 

was determined for each field in the study. The row width was
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determined by measuring the distance between 10 rows and finding the 

average row width. The number of row feet in 0,004 hectare for each 

row width was measured and the number of plants in this distance 

recorded. This procedure was replicated in 10 different areas of each 

field where whole plant samples were taken.

The purpose of the plant density study was to estimate the 

number of plants within 0.004 hectare which had a similar fruiting 

pattern as the plants sampled as whole plants. With this information 

and data collected from the whole plant samples 9 an estimate of 

potential yield from.plants which had similar fruiting development 

patterns as the plants sampled as whole plants could be determined 

for each of the fields in the study. However, the procedure used to 

measure each field’s plant density did not accurately measure the 

number of plants which had a similar fruiting development pattern as 

plants sampled as whole plants.. As a result, the yield estimates of 

these plants in each field were not accurate.

To improve the accuracy of the yield estimates from these 

plants in each of the study fields in Graham County, a conversion 

factor was determined using data collected from an unharvested Pima S-5 

variety cotton field located south of Marana, Arizona, This field had 

similar vegetative and fruiting development patterns as the average 

vegetative and fruiting development patterns of all the fields used in 

Graham -County. -

To derive an estimate of the percentage of plants in 0.004 

hectare, which had a similar fruiting development as the whole plant 

samples, the following procedure was used. The plant density in the
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Marana field was determined by using the same procedure used in the 

nine fields in Graham County. The number of plants which produced 

approximately the same number of bolls as the plants sampled as whole 

plants were counted in 0.004 hectare. The number of open bolls 

produced in 0.004 hectare were also recorded. These procedures were 

replicated 10 times each. With these data the conversion factor was 

determined, which, when multiplied by the plant density of each of 

the 9 fields in the Graham County study, gave the number of plants 

which produced approximately the same number of open bolls as the plants 

which were sampled as whole plants.



RESULTS AND DISCUSSION

Safford Area Weather; September Through November 1978 

Table 2 lists data from September 1 to November 30 at the 

University of Arizona Experiment Farm. The average maximum and 

minimum temperatures were: September— 32.4°C and 15.5°C; October— 28.0°C 

and 7.6*0; November— 18.3*0 and 4.6*0. The first freezing temperature 

of 0.0*0 occurred on the night of November 16. November 17, 18, 28,

29, and 30 also had temperatures of 0.0*0 or lower.

Total precipitation during the study amounted to 10.93 

centimeters. During September 0.46 centimeters occurred primarily 

during September 2, 3, and 4. During October, 7.09 centimeters fell 

on 4 different occasions, including 4.3 centimeters on October 21.

Total precipitation during October and November were both higher than 

the normal monthly average by 5.4 and 2.6 centimeters respectively.

Pima Boll Maturation 

Results of the Pima boll maturation study are illustrated in 

Table 3 and in Figures A.1 (A,B), A.5 (A,B) and A.6 (Appendix A). The 

-high percentage of young susceptible and old bolls present in fields 

during September indicates that the peak blossom and boll set period 

occurred during late August. In all of the fields in the study, 

except 8D-300, 95% or more of the bolls found on September 15 and 16 

were either young, susceptible, or old. In field 8D-300, 91.7% of the 

bolls found on this date were unopened (Figure A.4 [A], Appendix A).
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Table 2. Daily temperatures; 

the Safford, Arizona
September 1 through November 3Q, 1978 
area; centigrade scale.

in

September October November

Date Max. Min. Avg. Max. Min. Avg. Max. Min. Avg.

1 35.6 18.3 27.2 34.4 14.4 24.4 25.6 11,7 18.9
2 35.0 18.9 27.2 32.8 12.2 27.2 25.6 13.3 19.4
3 35.0 18.3 26.7 35.0 12.2 23.9 17.8 10.6 14.4
4 35.6 , 17.8 26.7 33.3 14.4 23.9 ---- 4.4 -
5 36.1 18.9 27.8 ---- 17.2 ---- 23.3 5.0 14.4
6 33.3 27.8 27.8 32.2 13.9 23.3 25.0 5.0 15.0
7 33.3 16.7 25.0 31.7 12.8 22.2 25.6 8.9 15.6
8 33.3 16.7 24.0 - 18.3 - 25.0 9.4 17.2
9 ---- 15.0 ---- 30.6 12.8 25.0 32.8 5.0 13.9

10 35.6 16.7 26.1 31.7 11.1 21.7 - - -
11 35.0 17.8 26.7 32.2 10.6 21.7
12 32.2 13.3 27.8 32.8 8.6 20.6 17.2 . 10.0 . 13.9
13 31.7 16.7 24.4 30.6 7, 7 19.4 17.8. 2.7 10.6
14 33.3 18.3 26.1 17.8 7.2 12.8
15 33.9 15.6 25.0 13.3 3.3 8.3
16 — 17.2 --- 32.2 10.6 21.7 15.0 0.0 7.2
17 -- 12.8 -- 31.1 10.0 20.6 17.8 0.0 8.9
18 32.8 10.6 21.7 32.2 9.4 21.1 —- 32.0 -
19 30.0 13.3 . 21.7 30:6 13.3 22.2 20.0 0.6 10.6
20 29.4 9.4 19.4 28.9 12.2 20.6 23.3 5.0 14.4
21 23.3 11.1 17.2 21.1 15.0 18.3 18.3 7.8 13.3
22 26.7 16.1 21.7 —  — — —  — 13.9 7.2 10.6
23 - 18.3 — — 15.0 13.3 . 14.4 12.2 8.9 10.6
24 28.9 19.4 24.4 16.7 8.9 12.8 16.7 10.0 13.3
25 ' 30.6 17.2 23.9 18.3 6.7 12.8 13.3 3.9 8.9
26 31.1 15.6 23.3 21.1 6.7 13.9 12.2 1.1 6.7
27 31.7 13.3 22.8 21.7 7.2 14.4 13.9 0.6 7.2
28 32.2 15.6 23.9 23.3 7.2 15.6 12.8 0.0 6.7
29 ' 33.9 14.4 24.4 —  — 13.9 -1.7 6.1
30 34.4 14.4 24,4 ' 25.6 8.9 17.2 16.1 “1 •1 7.8
31 . 26.1 11.7 18.9
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Table 3. Cotton boll development in the Safford, Arizona area during 

1978.

Field Date

Boll age class (%)

Young Susceptible Old Open

D-ll 1 18.00 21.65 56.09 4.24
2 7.00 10.25 50.18 32.50
3a 0.00 0.00 34.84 65.15

C-33 . 1 18.30 33.70 43.98 4.02
2 7.08 7.08 74.45 12,85
3a 0.00 0.00 50.93 49.07

D-30 1 28.48 28.16 43.37 0.00
2 15.46 18.84 62.32 3.38
3b 0. 00 0.00 47.30 52.70

C-14 ' ' 1 . . 19.80 26.72 . 52.45 0.98
2 7.00 12.13 72.78 8.00
3b 0.00 o.oo 31.20 68.80

8D-300 1 20.80 23.21 47.30 8.63
2 10.61 16.20 65.64 7.54
3b 0.00 0.00 26.02 73.98

C-12 1 17.31 22.41 55.70 4.58
2 7.00 11.37 67.18 14.47
3b 0.00 0.00 41.67 58.33

0 2 1 20.66 28.06 49.23 2.00
2 9.87 17.22 66.33 6.84
3b 0.00 0.00 23.20 76.80

2059 1 9.00 18.61 61.88 10.54
2 . . 1.18 . . 4.27 65.88 28.67
3b 0.00 0.00 ' 34.76 ' 65.24

2 0 2 1 25.27 ' • 14.95 " 58.01 ' 1.78
2 10.90 22.12 59.19 7.78
3b 0.00 0.00 25.15 74.85

Date 1: September 15, 16; Date 2: September 28, 29; Date 3a: 
October 29, 30; Date 3b: November 10.
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The relative late fruiting characteristic of Pima cotton in 

these fields can also be shown through comparison of the ratio of open 

bolls and unopen bolls (young«, susceptible, and old) for each of the 3 

sampling dates. This ratio did not approach unity for any of the 

fields until after the second sampling date, September 28, 29 (Table 4). 

The late fruiting characteristic of Pima cotton observed in this study 

agrees with the results of a study by Taylor (1979) in Marana, Arizona. 

Taylor showed that approximately 50% of the bolls which produced 

harvestable lint came from flowers which appeared on plants in late 

August. Taylor also found that very few of the blossoms which set 

bolls after September 7 produced a boll with harvestable-, lint. It is 

unlikely then, that few of the bolls classified as young and susceptible 

on September 15, 16 produced lint which could be harvested.

The majority of bolls sampled on September 15, 16 and 28, 29 

were old bolls. Between 43 and 62% of the bolls sampled on September 

15, 16 in each of the fields in this study were classified as old.

These bolls produced most of the seed cotton harvested from each of 

the fields in this study. Plants sampled on the last sampling dates, 

October 29, 30 or November 10 supported only old and open bolls. In 

2 of the fields, C-33 arid D-30,.approximately 50% of the bolls found 

were old bolls. In other fields, 24 to 40% of the bolls sampled were 

old bolls on this date (see Table 3).

Pima boll maturation may have been affected by environmental 

factors such as temperature, soil moisture level, soil nutrient 

availability, and the soil type of each field. Night-time temperatures 

of 15 to 20°C have been shown to reduce the amount of Cellulose
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Table 4. Ratio of open bolls to 

in the Safford, Arizona
unopen (young, susceptible, 
area during 1978.

old) bolls

% open bolls
o young, susceptible, old bolls

Field September 15, 16 September 28, 29
October 29, 30 
or November 10

D-ll East 0.04 0.48 1.87

D-ll West 0.04 0.48 2.37

C-33 East 0.04 0.15 0.96

C-33 West 0.04 0.15 1.04

D-30 0.0 0.03 1.11

C-14 • • ; : 0.01 : . 0.09 2.20

8D-300 0.10 0.08 2.84

C-12 0.05 0.17 1.40

C-2 0.02 0.07 3.31

2C-59 0.12 0.40 1.88

2C-2 0.02 0.08 2.98
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deposition on fiber walls and oil and protein accumulation.in Upland 

cotton seeds. • However, at the same time they have been shown to be 

the optimum temperatures for fiber elongation in this species of cotton 

(Gipson and Joham 1968a, 1968b). No research on the effect of 

temperature on Pima boll maturation has been published. However, work 

by Rainey (1948) has shown that the rates of boll maturation are 

similar and that the physiological processes of boll maturation in the 

2 species are also similar.

The location of some of these fields to the Gila River (Figure 

1) and the type and density of vegetation surrounding each field might 

have influenced the ambient temperature and rate of boll maturation in 

each field. Fields D-ll and D-30 show this effect upon boll maturation. 

Both fields were planted within 2 days of one another and had similar 

irrigation schedules. Both fields received final irrigations on 

September 1. However, the 2 fields had different rates of boll 

maturation (Table 3 and Figures A. 1[A,B] and A.3[AJ)< Over 65% of the 

bolls sampled on October 29 from field D-ll were open, while 52% of 

the bolls sampled from D-30 on November 10 were open. Field D^30 was 

adjacent to the Gila River and had dense vegetation (large trees and 

shrubs) on one bqrder, while field D-ll was not adjacent to the Gila 

River, was 22 meters higher in elevation, and did not have dense 

vegetation on any border.

Crop production practices such as planting dates, irrigation 

and fertilizer application schedules might have also affected boll 

maturation in fields within this study (Table 5). However, irrigation 

schedules apparently had little measurable effect upon boll maturation,
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Table 5. Crop production information for the Safford* Arizona area 
during 1978.

Field
Planting

date

Irrigation
termination

date
Number of airrigations

Defoliation
date

D-ll April 13 September 1 6 None

C-33 April 14 September 12 6 None

8D-300 April 15 September 15 10 None

C-12 April 6 September 7 8 None

C-2 April 9 September 20 8 None

2C-2 April 10 September 20 8 None

2C-59 April 1 September 1 8 None

C-14 April 12 September 10 4 None

D-30 April 11 September 1 6 None

^Includes preirrigation.
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possibly because of heavy rains late in the season. Fields C-2, 2C-2, 

and 2C-59 all had an irrigation termination date ot September 20, but 

these fields had as many or more old and open bolls as fields D-ll,

D-30, and C-33 which had earlier irrigation termination dates.

PBW Boll Infestations 

Results of the late season PBW boll infestation study are 

shown in Table 6 and in Figures A. 1 (B)~A. 5 (B)3 A.6 (Appendix A).

These data indicate that late season PBW infestations were influenced 

by the level of boll maturation in each field. In fields C-14, C-12, 

and 8D-300, which had a high percentage of old and open bolls on 

plants in September and October, the PBW infestations leveled off after 

the second sampling date, October 7, 8. Whereas in fields C-33 and 

D-30, which had a high percentage of young and susceptible bolls on 

plants during September and October, the PBW infestations continued to 

increase after October 7, 8 (Figure A.1[A,B] through A.4[A,B]).

Evaluation of the yield reduction due to late season PBW boll 

infestations requires the knowledge of the amount of seed cotton which 

maturing bolls late in the season might contribute to the total field 

production. A knowledge of damage due to larval feeding on bolls of 

different maturation levels would also be Important.' Finally an under

standing of when diapause in PBW larvae occurs and the behavior of 

mature PBW larvae would be essential.

Studies of yield reduction resulting from PBW infestations have 

•shown that the highest yield reductions occurred when PBW infestations 

coincided with the peak boll production period in a field (Henneberry
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Table 6. PBW infestations in unopened bolls in the Safford, Arizona 

area during late season 1978.

Field

Average number of larvae per boll

September 23, 24 October 7, 8
October 28, 
or November

29
10

D-ll East 0.08 0.23 0.58

D-ll West 0.05 1.27 1.69

C-33 East 0.05 0.75 1.15

C-33 West 0.0 0.50 0.80

D-30 0.08 0.62 1.16

C-14 0.18 1.53 1.47

8D-300 0.27 1.53 1.53

C-12 0.10 1.02 1.06

C-2 0.0 0.02 0.02

2C-59 0.03 0.07 0.59

2C-2 0.0 0.03 0.02
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et al. 1977). Watson and Fullerton (1969) were unable to detect yield 

differences in field plots with larval infestations of 42, 15, 15, 21, 

and 25%.

The high larval populations in old bolls during October was 

due, in part, to an accumulation of diapausing larvae. Watson et al. 

(1974) found that, starting in early September, a higher percentage of 

fourth instar larvae enter diapause until, by the middle of October, 90% 

of the mature larvae have entered diapause. Recent research by Huber 

et al. (1979) has shown that a high percentage of diapausing larvae 

remain in the bolls in which they developed. Since old bolls were 

sampled in early November, and most of the larvae found in these bolls 

were classified as old larvae (third and fourth instar, Table 7) it is 

probable that most of the larvae found in these bolls were in diapause.

The amount of damage caused by larval feeding in old bolls 

maturing late in the season was probably lower than if the same 

infestation level had occurred in susceptible bolls. Research by 

Lukefahr and Martin (1963) indicated that older bolls were damaged less 

by larval feeding. Their research showed that bolls 20 days or older 

had little or no reduction in fiber length and micronaire as a result 

of larval feeding.

The earliness or lateness of the boll production period in each 

of the fields in the study appeared to influence late season reinfesta

tion of developing bolls. Table 8 lists data which show"that fields 

which had late boll production periods (C-33, D-30) had an average of 

1/2 as many larval exit holes as PBW larvae per developing bolls during 

early November, while fields with an earlier boll production period
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Table 7. Age distribution of pink bollworm larvae found in green bolls 
sampled in the Safford, Arizona area during 1978.

September 23, 24 October 7 , 8  November 3

Per cent Per cent Per cent Per cent Per cent Per cent 
young ^ old ^ young old young old

Field larvae larvae larvae larvae larvae larvae

D-ll East 80 20 74 26 6 94

D-ll West 66 37 84 16 0 100

C-33 East 67 33 100 0 23 77

C-33 West - - 97 3 26 74

D-30 100 0 97 3 15 85

C-14 64 36 91 9 9 91

8D-300 100 0 84 16 15 85

C-12 100 O' 100 0 10 90

C-2 - - 100 0 50 50

2C-59 0 100 100 _ 0 7 93

2 C-2 100 0 20 80

aFirst and second instar, 
bThird and fourth instar.
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Table 8. FEW boll infestations and exit holes in unopened bolls in 
the Safford, Arizona area during late season 1978.

Field
Average number 
larvae per boll

Average number 
larval exits 

per boll

Number 
of bolls 
sampled

D-ll East3 .58 0.40 49

D-ll West3 1.69 1.07 54

C-33 East3 1.15 0.40 109

C-33 West3 0.80 0.16 95

D-30b 1.16 0_&9 105

C-14b 1.47 1.46 68

8D-300b 1.53 . 1.49 51

C-12b 1.06 1.21 80

C-2b 0.02 • 0.10 42

2C-59b . 0.59 0.25 81

2C-2b 0.02 0.10 42

aSample date: October 29, 30. 

^Sample date: November 10.
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(C-14, C-12, and 8D-300) had approximately equal numbers of exit holes 

and larvae per developing boll. These differences between average 

.number of exits and larvae per developing boll indicate that fields 

which had late boll production periods (C-33 and D-30) had a larger 

number of larvae reinfesting developing bolls during October than 

fields with a shorter boll production period (C-14, C-12, and 8D-300).

One reason fields with a later fruit production period had an 

increasing PBW boll infestation late in the season may have been that * 

these fields were more attractive to dispersing female PBW than fields 

such as C-12, C-14, and 8D-300. Manley (1978) and Kaae et al. (1977) 

have shown PBW that dispersed Tate in the season were attracted to 

areas of land or crop fields which provided cover and moisture. Since 

fields which had a later fruit production period also had more plants 

which were capable of providing cover and moisture to dispersing PBW, 

it appears that these fields were much more attractive than fields which 

had an earlier fruit production period.

Late Season Insecticide Application Comparisons

Comparing the PBW infestation levels in fields D-11 and C-33 

which were split in half, the half.fields which received -more 

insecticide applications.:had; a lower PBW infestation, in bolls maturing 

during September and October (Tables 1 and 6). Yield data were not 

available from these half fields, because each field was harvested in 

whole. Comparisons of the effectiveness of late season insecticide 

applications in other fields in this study were not made because of the 

high variability existing between each of the fields in the study.
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Even though late season PBW infestations in bolls were 

reduced by late season spraying, the value of these applications was 

questionable because of the small percentage of the total lint 

harvested from these bolls. Table 3 and Appendix Figures A.1(A) 

through A.5(A) and 6 present data showing the percentage of young and 

susceptible bolls in all fields during September. These data also 

show the percentage of unopen bolls found in early November. In all 

cases the percentage of unopened bolls found in fields during November 

was slightly greater than the percentage of young bolls found in fields 

on September 15. Since most fields were harvested less than a week

after the November sample was taken, it was doubtful that a high number
(

of these unopened bolls would have completely opened by the harvest 

date.

• Estimates of the amount of lint produced in each of the fields 

and half fields were determined and are presented in Table 9. These 

estimates indicate that half fields C-33 West and D-ll East which 

received more insecticide applications also produced more lint. The 

amount of increase in lint production which can be attributed to 

insecticide applications, however, was difficult to estimate because of 

the different growth and fruiting characteristics of the majority of 

plants found in each half field, and the high PBW infestation in 

developing bolls which continued after applications were terminated.

In both fields, C-33 and -D-ll; the half field which yielded^more~l±nt, 

contained plants which were larger and could support more bolls than 

plants growing in the rest of the field.
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Table 9. Estimated yield from Pima bolls which 

PBW infestation late in the season in 
area during 1978.

were susceptible to 
the Safford, Arizona

Field
Kilograms of cotton 
lint per hectare Bales per hectare

D-ll East 224.9 0.44

D-ll West 180.9 0.37

C-33 West 179.4 0.36

C-33 East 169.2 0.34

D-30 179.7 0.35

C-14 245.7 0.49

8D-300 232.3 . 0.46

C-12 • 157! 8 0.32

C-2 246.9 0.49

2C-59 198.7 0.40 .

2C-2 211.7 0.42



CONCLUSIONS

The importance of high PB.W infestations in developing Pima 

cotton bolls during late September and October and the effect that 

these infestations have on cotton production has been the concern of 

Pima cotton growers for many years. Results of this-research indicate 

that infestations in young and susceptible bolls maturing at this time 

may not be economically important5 since these developing bolls 

contribute only a small percentage of the total ,lint produced in a 

field. . ; • ' . ‘ ' ‘ . -

Results of this study also indicated that Pima fields which had 

a high percentage of old bolls early in September had PBW infestations 

which leveled off during October, while fields which continued to grow 

and fruit during September had PBW infestations which increased in 

developing bolls during October.

Late season insecticide applications were shown to reduce PBW 

infestations in developing bolls. However, the increased yield 

production resulting from these applications was questionable because 

of the small number of bolls protected, which produced lint, and the 

high PBW infestations which continued in these bolls.
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