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INTRODUCTION

Cotton is susceptible to severe insect damage at all stages of .
growth. Cotton insect damage is one of the chief limiting factors in
efficient cotton production. As the farmers strive for higher yields,

cotton insects become a more and more important factor. Among the cot-

ton insects, the bollworm, Heliothis zea (Boddie); the tobacco budworm;

Heliothis virescens (F.); and the boll weevil, Anthonomus grandis

(Boheman) are the most serious pests of cotton. Cotton growers lose
several million dollars annually in crop reductions from these insects
and the costs of their control.  These insects not only attack cotton

but also cause serious damage to other crops such as tobacco, corn, grain
sorghum and other plant species.

According to Murray (1972), the Heliothis spp. problem becomes more-
serious due to the following factors: various hosts plants of -the
Heliothis ;pp. are planted iﬁ\idrge areas contributing more available
foods for the insect pests and enabling these insects to develop large
populations; heav&bapplications of chemicals applied to cultivéted areas
reduces large numbers of beneficial arthropods; thus, enabling Heliothis
spp. population to increase intensively and the development of resistgnce
of these cotton pests to several previously recommended chemicals.

New control methods must be developed in order to cope with the
problems previously mentioned. More information on quantitative 5iology,

behavior of the Heliothis spp. and the ecology of beneficial arthropods,

is necessary to obtain this goal.



The objectives.of this study have been to obtain the following:

1.  Evaluated insecticides for control of the bollworm, tobacco
budworm, and boll weevil by ﬁsing conventional sprays.

2, Develop more effective methods of control by comparing conven=
tional sprays with accutrol air-emulsion sprays for Helio;his spp. and
boll weevil control.

3. Study‘%he effects of insecticides on parasites of Heliothis |
SpP-

Hopefully, these studies will aid in contributing significant in-

formation that may be useful in future cotton insect control programs.



LITERATURE REVIEW

The bollworm, Heliothis zea (Boddie), was first recognized as a

cotton pest in the United States in 1820. 1In 1841, the bollworm had he-
come the most destructive pest of cotton and corn in the Southern United
States, The bollworm is a general feeder and is known to attack more
than 70 species of plants (Quaintance and Brues, 1905).

Chamberlin and Tenhet (1926) reported that the tobacco budworm,

Heliothis virescens (F.), was one of the most important pests of tobacco

in the southeastern part of the United States. It is not known when the
tobacco budworm was first identified on cotton, The earliest record
seems to be that of Folsom (1936) who reported in 1934 that the tobacego
budworm occurred on cotton in numbers that were almost as great as that
of the bollworm at Tallulah, Louisiana. It is possible that the tobacco»
budworm has been present on cotton for many years but was not recognized
because of its similarity to boliworms. The tobacco budworm attracted
wide attention as a cotton pest in 1949 and is still considered a major
pest in many of cotton producing areas.

Bryan (1961) found that the bollworm and the tobacco budworm may
form a species complex in cotton fields in Oklahoma. He reported that
pure . populations of each species are common, although the bollworm is
usually predominant in mixed populations,

Hodges et al. (1966) reported that the term "bollworm complex" is

referred collectively to both the bollworm and the tobacco budworm.

The boll weevil, Anthonomus grandis (Boheman), was found to be one




of thie most important pests of cotton in Texas in 1894 after entering
the State from Northern Mexico (Hunter and Hinds, 1905). Since this

time it has spread eastward to the Atlantic Ocean, northward to Okla-
homa, and more recently westward to New Mexico, Arizona and California

(Young, 1969).
Chemical Control of the Heliothis Complex and Boll Weevil

Since the 1940's synthetic organic insecticides have played an im-
portant part in cotton insect control. Many of the chlorinated hydro-
carbons, organophosphate and carbamate insecticides have been very ef-
fective in the control of cotton.pests. In recent years the bollworm
complex has been difficult to control because of fesistance and more re-
cently failure to develop new insecticides,

Inadequate control of this pest with organochlorine insecticides
was reported in 1956 in Louisiana. The occurrence of control failure
became more frequent in 1956, and a three~year study of bollworm to
various insecticides (1959-1961) indicated development of a low level of
DDT-resistance by bollworms in Louisiana (Graves et al.,, 1964). In sub-
sequent years, 10- to 40-fold levels of DDT-resistance were found in
other major cotton producing areas of Louisiana (Graves et al., 1963,
1964). The first evidence of resistance to the chlorinated hydrocarbon
insecticides by the tobacco budworm was reported in Texas in 1961 (Braz-
zel, 1963). The tobacco budworm at that time was found to be highly re-
sistant to DDT, The boll weevil became resistant to the chlorinated hy-
drocarbon insecticides in Louisiana in the mid-1950's (Roussel and
Clower, 1957).

However, othér chlorinated hydrocarbon insecticides which were being



used either alone or in.a combination with DDT continued to provide
adequate control of the bollworm complex and the boll weevil (Adkisson,
1967; Graves .et al,, 1967; Mistric et al., 1970).

In 1965 (Adkisson.and Nemec, 1966) found that the bollworm had de-
veloped resistance to endrin, carbaryl, strobane-DDT -and toxaphene-DDT
in addition to DDT. The tobacco budworm developed resistance to organo-
chlorine insecticides in a pattern similar to that for the bollworm
(Graves et al., 1964, 1967a; Adkisson and Nemec, 1967; Lowry et al.,
1965; Lowry, 1966; Pate and Brazzel, 1964; Brazzel, 1965). Graves et

al. (1967b) reported that the LD_. to Azodrin for tlie boll weevil was

50
approximately 12-fold greater. The cross-resistance levels to carbaryl
and Mobil MCA-600 (benzo-[b] thien-4yl methylcarbamate) were 40-fold or
greater,

The development of resistance by these cotton insects to organo-
chlorine and carbamate insecticides forced cotton producers to rely en-
tirely on organophosphorus (OP) compounds for effective economical con-
trol. Methyl parathion has been the ‘insecticide of choice because of its
high toxicity to cotton insect larvae and its relatively low cost (Whit—
ten and Bull, 1970; Plapp, 1971). - However, recent reports indicate
clearly that in certain areas of the United States the tobacco budworm_
in now developing resistance to OP-insecticides (Nemec and Adkisson,
1969). Tolerance levels in the budworm, collected from central Texas
and from the Rio Grande Valley, were higher in 1969 than in l968'(Nemec,
1971)., Carter and Phillips (1968) found an 8- to 10-fold increase 'in
resistance to methyl parathion in a laboratory culture of bollworms
after 10 selection cycles in 11 generations, Wolfenbarger and McGarr

(1970) reported that since 1966 Rio Grande Valley growers have been in-



creasing rates of methyl parathion and monocrotophos for tobacco budworm
and bollworm control in cotton. By 1968 the rates required for control
and incidence of control failure suggested resistance to methyl parathion
and monocrotophos. The situation with the budworm is more serious in
Mexico and Central America where decreases in susceptibility to methyl
parathion of 100-fold or more have been reported (Lukefahr, 1970).
Wolfenbargér.et»al. (1971) reported a Nicaragua bollworm population 45
times more resistant to methyl parathion than the Brownville, Texas pop-
ulation,

In recent years several new chemicals and their combinations have
been dewveloped for the control of bollworm complex and boli weevil,
Hopkins and Taft (1964) reported that Guthion plus DDT at 0,375 and 1.0
1b per acre, respectively, and toxaphene plus DDT at 2.0 and 1.0 1b per
acre, respectively, gave the best control of bollworm complex and boll
weevil during 1960~1962 at Florence, South Carolina., In 1962, McGarr .
et al. (1965) reported that carbaryl and Bayer 37344 (4-(methylthio)-3,
5-xylyl methylcarbamate) at 1.5 and 1.86 1lb per acre, respectively, were
very effective against the boll weevil; while ZectranC:)(4—dimethylamino—
3,5-xylyl methylcarbamate) and Bayer 44646 (4~dimethylamino-m~tolyl
methylcarbamate) at 1.0 and 2.0 1b per acre, respectively, were signifi-
cantly better than other chemicals tested against the bollworm complex.
Zectan(:) and Matacil(:) (or Bayer 44646) gave 807 or better larval mor-
tality of the bollworm complex in laboratory testing, and 907% or better
mortality in field cages (Wolfenbarger et al., 1966). Graves et al.
(1965) evaluated several organotin compounds against Helipthis spp. and
found that trimethyltin acetate and trimethyltin hydroxide were the most

toxic to resistant.and non-resistant strains of the bollworm. complex.



McGarr and Ignoffo (1966) reported that two new insecticides, Matacil<:>
and Shell-SD-9129 (dimethylphosphate ester with 3-hydroxy-N-methyl-cis-
crotonamide dimethylphosphate), applied at 0.8 and 2.0 1lb per acre, re-
spectively, were the most effective against. the Heliothig spp. and boll
weevil, ' Wolfenbarger et al. (1968a) studied the effects of organometal-
lic compounds on larvae of the bollworm complex and found that acetoxy-
trimethyltin, hydroxytrimethyltin, and acetoxytriethyllead caused 92% or
more mortality when applied topically and 527 or more when applied as
foliar sprays. In field-cage studies, a 58% pedhction occurred in popu-
lations of bollworm larvae treated with American cyanamid CL-24055
(4'-(3,3-dimethyl-l-triazeno)acetanilide). 1In a field test using CL-
24055, a 227% reduction occurred in squares and boll damaged by Heliothis
spp. (Wolfenbarger et al., 1968b). Wolfenbarger and Redfern (1968) re-
ported that the carbamate duPont 1179 (methyl N-[ (methylcarbamoyl)oxy]
thioacetimidate) caused the greatest mortality to tobacco budworm larvae
in laboratory and field cage studies. DuPont 1642 (methyl N-(carbamoyl-
oxy)thioacetimidate) was the most effective against the boll weevil, 1In
1968, McGarr and Wolfenbarger (1970) found that EPN (O-ethyl O-P-nitro-.
phenyl phenylphosphonothiocate) gave the best control of the bollworm
complex at 1.3 1b per acre. Wolfenbarger et al. (1970) evaluated 49
organophosphorus compounds and reported that conventional sprays of.
Stauffer N-2599 (0-P~chlorophenyl O-ethyl ethylphosphonothioate), N-2790
(O-ethyl S-phenyl ethylphosphonodithionate) (Dyfonate(:)), and N-3727
(O-methyl S-phenyl methylphosphonodithioate) killed 80% of tobacco bud-

.worm when used at 1.1b per acre.



Types of Applications Equipment Used for Cotton Insect Control

In recent years, spray equipment has been redesigned and modified
in an effort to provide more effective control measures for the bollworm
complex and boll weevil. Conventional machines have been the most wide-
ly used method of applying chemicals.

Fye and Hopkins (1959) reported that conventional sprayer placed
the heaviest concentration of gpray on parts on the plants where boll
weevils were most numerous. In addition, thilis sprayer gave better cover-
age on the interior part of the plant and on the undersides of the plant
surface,

In 1960, Wilkes et . al. (1961) evaluated a new sprayer called the
air~carrier sprayer and reported that this sprayer was less effective
than the conventional boom-type sprayer when used against the bollworm
complex. Confronted with the limitations of the hand sprayers and con-
ventional tractor sprayers, modification of a commercial high-clearance
sprayer for use in small plot testing was developed-by several resea:ch
workers (Wilkes and Walker, 1961; Harrendorf, 1965).

Equipment design is one of the major keys to successful low-volume
(LV) spraying with ground equipment. Many groups are working on the de-
sign of LV equipment., In 1964, Thomas and Goddard (1966) developed a
new ground machine for applying low-volume concentrated sprays for boll
weevil control. Commerically available nozzles (Spraying Systems 730023
or equivalent) were fitted to a high-clearance sprayer. With this sys-
tem it was possible to apply 25 ounces of technical malathion (2 pounds)
per acre. This insecticide gave excellent boll weevil control, Adler
et al. (1965) developed an aerosol sfrayer which consisted of a compress-

ed-air gpray gun and a compressor.driven by a l-cylinder engine mounted



on the rear of a small tractor. Taft and Hopkins (1965) developed a
mist sprayer with mini-spin nozzles mounted in front of an air blast
from a centrifugal fan, Harrell et al., (1966) developed a LV sprayer
which used either a flat-fan or pneumatic.nozzle, Taft and Hopkins
(1967) found that experimental technical materials, solutions, and sus-
pensions of malathion applied with a ground low-volume mist 'sprayer
showed effectiveness in controlling the boll weevil and the bollworm.
One of the most recent developments for applying chemicals for con-
trol of insect pests 1is the ultra low volume (ULV) application: of tech-
nical insecticides (Messenger, 1963), Burt et al, (1966) developed a
rotary disc device for ground application of ULV undiluted pesticides.
The applicator consisted of 2 rotating discs powered by a small electric.
motor and a metering nozzle. Certain pesticides were more effective
when applied by this method. The rotary disc provided more uniform
coverage across the width of the swath., Cleveland et al. (1966) report-
ed that applications of ULV technical malathion at 8, 12, and 16 fl.
oz./acre was as effective against the boll weevil as the standard appli-
cation of methyl parathion at 0.4 1lb/acre in 2 gal. water. Nemec and
Adkisson (1966) compared the effectiveness of low volume concentrate and
water emulsion sprays of certain insecticides for cotton insect control
and found that, in the laboratory, ULV methyl parathion had longer
residual activity and was as effective initially as a conventional water-
emulsion spray. The cost.of applying the insecticide as an ULV concen-
trate would be about 257 less than the cost of appl?ing a high-velume
emulsion. . Adair et al. (1967) compared the effectiveness of several ULV.
formulations with several emulsifiable concentrate (EC) water-diluted

insecticides and reported that the ULV formulation performed equally as
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well or better than the EC for control of the bollworm and the boll
weevil. Awad et al, (1967) showed that the ULV formulation persisted -
longer on cotton than EC. They also reported that the EC formulation
penetrated the leaf surface faster, and at a moderate temperature, evap-
orated faster than the ULV,

A new 8-row ground sprayer with auxiliary air for ULV application
of pesticides to cotton was developed to minimize drift and to insure
maximum. deposit of insecticides on the target area.by Taft ‘et al. (1969).
Ultra low volume application of Azodrin, technical grade Bay 41831
(0,0-dimethyl ,0-4-nitro~-m-tolyl phosphorothioate), and toxaphene plus
DDT were compared with conventional spray applications of toxaphene plus
DDT and Azodrin against various cotton pests. Results against the boll
weevil and the bollworm, using the materials applied with the new ULV
sprayer, were at least as good as those obtained when the insecticides
were applied with the conventional sprayer. Nemec et al, (1968) indicat-
ed that method of application had no significant effect on thle initigl
toxicity of any of the insecticide tested to either bollworm or.tobacco
budworm. However, the residual toxicity of methyl parathion to the bollf
worm was greatly prolonged when applied by the ULV technique. In addi~
tion, the ULV technique may be more effective than the conventional low
volume (CLV) (involve applying concentrated insecticides in spray solu-
tion, usually water, at rates ranging from Q.S'to 1.5 gal/acre), for
applying insecticides. McGarr and Wolfenbarger (1969) reported that
methyl parathion applied either as ULV. or CLV was the most effective in-
secticide against several cotton insects at Brownsville, Texas, in 1967
and 1968, Toxaphene plus DDT plus methyl parathion was the best combin-

ation of materials when -applied as a ULV spray, while toxaphene plus
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methyl parathion was the best combination when applied as a CLV spray.
Ultra low volume sprays were more effective than CLV sprays. Lloyd et
al, (1967) showed that azinphosmethyl when applied as an ULV spray at
0.2 and 0.25 1b per acre was as effective as a water—emulsionvspray of
methyl parathion (0.5 1b per acre) for control of the boll weevil. Awad
and Vinson (1968) found that dead larvae on ULV-treated leaves contained
a greater amount of malathion than larvae from EC treated leaves, The
ULV droplet remained in a liquid form on the leaf while the EC dried and
was less readily obtained by larvae crawling on the treated surface of
the leaves. Cowan and Davis (1968) reported that ULV applications of
azinphosmethyl at rates of 0,14 and 0.27 1b per acre and LV application
of azinphosmethyl at a rate of 0.25 1b per acre gave good control of the
boll weevil. Overall, the LV applications of Azodrin at 0.75 1b per
acre gave the best control of boll weevils and bollworms and produced a
significant increase in yield over all other chemicals. Wolfenbarger
and Lowry (1969) reported that deutero-DDT (1,1,l-trichloro-2,2-bis
(p-chlorophenyl) ethane-2d2), applied as a CLV spray, was the most ef-
fective of several diphenyl aliphatics tested against larvae of the boll-
worm complex. Wolfenbarger (1970) reported that ULV and conventional
sprays of General Chemical GC-6506 (dimethyl p-(methylthio) phenyl phos-
phate) were initially'about equally toxic . to bollworms and tobacco bud-.
worms, but the residual toxicity of the ULV spray was. greater., Harrell
et al. (1970) evaluated another ULV ground machine which was modified for
spraying cotton and found that the results in bollworm and boll weevil
tests .were equal to that obtained with conventional equipment under
heavy insect pressure. Pfimmer et al, (1971) found that CIBA C-9491

(0-(2,5-dichloro-4-iodophenyl) 0,0-dimethyl phosphorothiocate) and Velsi-
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col VCS-506 (0-(4~bromo-2,5~dichlorophenyl)O-methyl phenylphosphonothio-
ate) applied as conventional sprays gave good control of Heliothis spp.
ULV sprays of EPN (O-ethyl O-p-nitrophenyl phenylphosphonothioate), EPN
plus methyl parathion, malathion plus methyl parathion, methyl parathion,
and toxaphene plus DDT plus methyl parathion gave good control of the
bollworm complex, Brasher et al. (1971) found that the ULV spraying
method when used in combination with charging electrostatic spray parti-
cles and auxiliary air, approximately 90% control of boll weevil was.
achieved with 1,25 1b of malathion per acre., In addition, removal of

the auxiliary air system reduced effectiveness of.the spray.
Effect of Chemicals on Beneficial Insects

Predators and parasites play an.important role in regulating cotton
insect populations. In order to preserve these natural enemies, selec~
tive insecticide should be carefully employed (Ridgeway and Lingren,
1972). 1Insecticide treatments that adversely affect ‘beneficial grthro—
pod populations can result in rapid outbreaks of the bollworm and other
cotton pests (Gaines, 1942; Ewing and Ivy, 1943). Aphid damage. to
cotton following applications of calcium arsenate apparently résults
from destruction of the insect enemies which normally control this pest
(Isely, 1946). The population of the bollworm and damage by the insect
may be greater in plots of .cotton dusted with arsenicals for boll weevil
control, or improperly dusted for bollworm control, than in similar un-
dusted plots (Bishopp, 1929; Fletcher, 1929; Sherman, 1930; Ewing and
Ivy, 1943). Newsom and Smith (1949) studied the effect of some commonly
used cotton insecticides upon.the populations of predators of the cotton.

bollworm and found that BHC and toxaphene were more detrimental to two
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predators, Geocoris punctipes.(Say.) and Orius insidiosus (Say.), than

was calcium arsenate-nicotine. Lincoln and Leigh (1957) reported that-
beneficial insects are usually effective in controlling bollworms, spider
mites, and aphids on cotton. If unnecessary applications of .insecticides
are made, the beneficial insects may be killed, énd further -applications
may then be required to control the pest speciés; Bartlett (1963) found
that -several adult parasitic hymenopterans of cotton. pests were very
susceptible to many commonly used pesticides. Ridway et al. (1967) re-
ported that éertain»beneficial‘hymenopterans,parasites‘of,He;iothis SPP.
may be reduced by applications of systemic ‘insecticides. Falcon et al,
(1968) indicated that predator abundance was severely reducéd in cotton
fields treated with toxaphene plus malathion and dicrotophos. Laster

and Brazzel (1968) reported that several predators of cotton pests were
more affected by the mixture of toxaphene and DDT than by toxaphene’
alone.. In addition, they found that Azodrin and Bidrin were more toxic
to predaceous species than trichlorfon and phosphamidon. Lingren;et<al.
(1968) showed that trichlorfon was less injurious to beneficial insects,
He reported that plots treated with trichlorfon, infestations of the
Heliothis spp. was lower, resulting in less damage to squares and'bolls_
resulting in an increase in seed cotton. Cherry and Pléss (1971) -studied
the effects of disulfoton and carbofuran on parasitism of the tobacco

budworm by Campoletis perdistinctus (Viereck) and reported that parasit-

ism was significantly greater in disulfoton treatments (49%) than in
carbofuran (0%) and the untreated plot (2%). However, as the season.
progressed parasitism became more comparable in all treatments: disul-
foton 887%, carbofuran 79% and the untreated plot 827%.

Bottrell et al. (1968) reported fifteen parasites representing the
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families Tachinidae, Braconidae . and Ichneumonidae were obtained from
rearing Heliothis spp. collected in 1965 and 1966 from cultivated crops

in Oklahoma. The braconid, Micropli;is croceipes (Cresson), was the

parasite most commonly found in both, the bollworm and tobacco budworm,

This parasite was most abundant in the bollworm.



METHODS AND MATERIALS

During the summer of 1971, field tests were initiated .to evaluate
insecticides using conventional and accutrol air-emulsion sprays for
control of Heliothis spp. and the boll weevil, In addition, studies
were conducted to determine what effect these insecticides had on para-

site populations.
Conventional Sprays (Test 1)

Eight compounds and compound combinations were evaluated in this
test, Chemical names of products mentioned in.the text and tables are

as follows:

Azodrin(:)- 3~-hydroxy-N-methyl-cis-crotanomide dimethyl phosphate

(5.0 1bs per gal.).
Dow General<:>— 2-Sec-butyl-4,b-dinitrophenol (5 lbs per gal.,).

Galecron(:>— N'-(4~Chloro-0-tolyl)-N-N-dimethylformamidine (4.0 lbs °
| per gal,).
Methyl parathion - 0,0-dimethyl-0O-p-nitrophenyl thiophosphatek(4.0
1bs per gal.).
Pencap M - encapsulated methyl parathion (2.0 lbs per gal.).
PhosvelTM - 0-(2,5~Dichloro-4-bromophenyl)O-methyl phenylthiophos-

phonate (3.0 lbs per gal.).

Premerge(:>- 2-Sec~-butyl-4,6-dinitrophenol as the alkanalamine salts

15
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(of the ethanol isopropanol series) (3.0 1lbs per
gal.).
Toxaphene - a chlorinated comphene and which contains 67-90%

chlorine.

Thié test consisted of 9 treatments and 1 untreated check replicat-
ed 3 times in a randomized-block design. The plots were 8 (40 inches
each) rows wide x 190 ft. long with a 15 ft. turnrow separating each
biock. These plots were not irrigated during the season. The plots
were first planted on May 13 and replanted again.on June 17 with Lankart
571 at 20 1bs per acre. Treatments were made with a John Deere Hi-cycle
600 sprayer equipped with a 8-=row boom, The boom was fitted with 1
nozzle per row. The sprayer system was operated at 40 psi, and the
ground speed of the.sprayer was 4.5 mph. All plots were sprayed with
methyl parathion at 0.5 1b per acre on August 4 in order to initlate a
bollworm infestation. The first application consisted of using 3.28
gallons of total spf;y mixture per acre, with one No. 6 spray systems
nozzle per row. Plofs were first spraygd on August 12 and repeated again
on August 13, 19, 24, 30 and September 3.

Bollworm, budworm, and boll weevil damage ‘was determined by collgct—
ing 100 fruits at random prior to spraying from the upper .one-third of
the plant in each plot. The final squére‘count was made on September S,

Populations of the bollworm complex collected throughout the test

were checked to determine species.
Conventional vs. Accutrol Air-Emulsion Sprays: (Test 2)

This test consisted of comparing the two methods of application at



17

3 different tractor 'speeds using Phosvel as the standard insecticide.
This materiél was applied at 1.5 1lbs of actual toxicant per acre. Each-
treatment was replicated 3 times in a randomized block design, The plot
size and design, time of planting, variety of cotton and lbs of seed per
acre were the same as in Test 1. None of the plots were irrigated dur-
ing the season. Treatments were made with a John Deere Hi-cycle 600
sprayer equipped with a 8-row boom. The boom was fitted with 1 nozzle
per row., The ground speed of the sprayer was either 3.0, 6.0, or 9.0
milés per hour depending upon the treatment. The sprayer system was
operated at 40 psi.

All plots were sprayed with methyl parathion at.0.5 lbs per acre
on August 4 in order to initiate an infestation.

For the conventional sprays, one No. 6 spray systems nozzle per row
was used, The total gallons of spray mixture applied per acre were ‘as
follows: 3 MPH = 8,13, 6 MPH = 3,9, and 9 MPH = 2,8,

The accutrol air-emulsion system differed from the conventional
system in two ways: (1) nozzle unit, (2) addition of an adjuvant. The
nozzle unit consisted of a brass adaptor, strainer, orifice, foam gener-
ator body, nozzle and nozzle nut. The foam generator body was the most
important part of the unit. This generator allowed air to entér into
the nozzle; thus, thoroughly mixing the solution into 'a foam prior to
discharge. One Accutrol V-027 medium angle nozzle was used over each
row. The total gallons of spray mixture applied per acre were as fol-
lows: 3 MPH = 19.7, 6 MPH = 8.12, and 9 MPH = 6.25. Foamwet® spray
adjuvant was added tb the spray mixture at the rate of 1 quart per 25
gallons of total spray mixture. Spray applications were made on August

19 and 24 .
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Bollworm, budworm and boll weevil. damage'was-determined By the same
method -as used in Test 1. Damaged square counts were made on August 13,
18, 23 and 30.

Populations of bollworms and budworms colléected throughout the test
were combined with larvae in Test .1 and checked for parasitism . and

species identification,
Effect of Chemicals on Parasites in Treatment Area

Heliothis larvae. were collected throughout the season.from the
plots sprayed with chemicals listed in.Test 1 and 2. The total number-
of larvae.collected varied according.to their availability. These
larvae were placed individually in l-oz transparent plastic cups con-
taining approximately %-0z of artificial diet developed by Adkisson et.
al. (1960) and modified by Berger (1963). The larvae were returned to
the laboratory to await parasite emergence. Heliothis larvae were

identified to species using characteristics described by Peterson (1962).



RESULTS AND DISCUSSION
Conventional Sprays (Test 1)

The dry weather during the winter months which exténded into May,
June, and July greatly delayed the planting of cotton, After a stand
was established, growth was slow due to an inadequate supply of irriga-
tion water, Heliothis populations first appeared the first week in
August and rose to economic levels on August 12. Immediately after
spraying on August 13 a heavy rainstorm developed, producing approxi-
mately 2 inches of rain., Due to the condition of fhe field, the next
applications was made on August 19. By this time a heavy population of
Heliothis eggs and larvae were present in the field. The population re-
mained extremely heavy until the test was terminated on September 9 as
indicated by the check in Table I. During the treatment period, larvae
were found eating leaves and stalks in the absehce of squares and bolls
in.plots where control was ineffective.

The results of the insecticide applications and infestation counts
of the bollworm complex and the boll weevil are given in Table I and II,
respectively, In Table I, several compounds and compound combinations
reduced the infestations of ﬁhe bollworm complex significantly below that
of the check. These compounds were under extremely heavy Heliothis'
pressure. throughout the fruiting season as indicdted by the damage in
the check. Azodrin at 1.0 1lb per acre gave the best control after four

applications., The next most effective compounds were Galecron plus methyl

19
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parathion at 0.5 and 0,25 1b per .acre, respectively, Phosvel at 1,5 1bs
per-acre.and Galecron at 0.5 1b per acre. Damaged squares for the sea-
son averaged 5.1% for Azodrin, as compared with 6.47%7 for Galecron plus
methyl parathion, 7.1% for Phosvel, 8.57% for Galecron, and 46.7% for the
check, Galecron plus methyl parathion and toxaphene plus methyl para-
thion were more effective than methyl parathion alone, Pencap M, an en-
capsulated form of methyl parathion was slightly mofeveffective than
regular methyl parathion. The two dinitrol herEicides, Dow General(:>
and Premerge(:), which had shown some insecticidal activity against the
Heliothis”;omplex under . laboratory conditions (correspondeﬁce with W. O,
Miller, Dow Chemical Company) were ineffective. Plots 'sprayed with
those two éOmpounds were checked throughout the test 'to.determine if any:
phytotoxicity existed.. Cotton -treated with Premerge showed - 1ight to
moderately phytotoxic symptoms after the second applic#tion while Dow
General was only slightly phytotoxic. In addition, plots sprayed
with azodfin showed phytotoxic symptoms after tﬁo applications,

In similar experiments, Cowan-and Davis (1968) conducted field tests
in 1967 in Texas and found that Azodrin and methyl parathion applied as
conventional low-volume sprays at the rates of 0.75 and 1.25 1b per.
acre, respectively, gave the best control of the bollworm coﬁpléx and
the boll weevil. Price and Young (1969) conducted field tests in 1968
in Oklahoma and found that Toxaphene plus DDT at 2.0 and 1.0 1b per - |
acre, rgspectively, Velsicol Chemical VSC-506 (Phosvel) at 1.0 lb-per‘
acre, and Allied Chemical AC-6506 at 1.0 1lb per acre gave‘the-best con-
trol during the test period.

In the same test, boll weevil damage was recorded and is summarized

in Table II. There was no significant_difference'between the. first 7
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compounds or compound combinations. It was felt that the populations-
were so low that an adequate.evaluation of chemicals could not be made.
Since there was tremendous variation in size of cotton plants-

throughout the field tested, yield data was not taken.
Conventional vs, Accutrol Air-Emulsion Sprays (Test 2)

The results comparing conventional sprays with accutrol air-emulsion
sprays at 3 different tractor speeds for control of the bollworm complex
and the boll weevil is summarized in Table III and IV, respectively.
Phosvel at 1.5 1b of active ingredient per acre was used in all treat-—.
ments,

Results from the Heliothis spp. test (Table III) showed that trac-
tor speed greatly influenced control in both methods of applications,
Control was more effective at 3 mph than at 9 mph. Conventional sprays’
were more effective than the accutrol air-emulsion sprays, although both
reduced the infestations of the bollworm complex significantly bglow that
of the check., The conventional spray applied at a application speed of.
3 mph.was the most effective for control of the bollworm complex., In
this treatment damaged squares totaled 8.27%, compared with 44.0% in the.
check, Conventional sfrays applied at application speeds of 6 and 9 mph.
were less effective.

Square damage resulting from the accutrol air-emulsion sprays when
applied at application speeds of 3, 6, aﬁd 9 mph were not economically
feasible although they were significantly below that of the check.

The air-emulsion sprays were examined closely while spraying and
later after the material had been deposited on the plant. From visual

observations it appeared that the accutrol air-emulsion sprays failed to
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penetrate the plant foliage and enter areas where the.Heliqthis complex
was found. Other observations showed spray particles to be uniform in
size and equally distributed on the leaf surface: It was.felt that this:
method of -application would be more effective for control of leaf feed-
ing insects or in.the use of herbicides. Several advantages were ob-
served when using the air-emulsion system. One was th;t very little.
drift was noted wheh spraying in moderate wind.. In .addition, spray.
pattern.and particle distribution on the leaf surface ﬁere easily ob-
served several minutes after application,

Boll weevil damage 'is summarized in Table IV. Although the accutrol
air-emulsion spray applied at the application speed of -9 mph was signifi-
cantly better than the other treatments, it was felt that the population

was- too.low to make an adequate evaluation.
Population Studies of the;Bollworm Complex

Seven hundred and twenty-one larvae were collected in the treatment’

area (Test 'l and 2) between August 12 and September 28. Heliothis zea

was the most.predominant species collected.. The populatien range from
66.7% to 100% with a seasonal average of 83.8% over the 48 day period.

The population of ‘Heliothis virescens larvae present in the field over

this same périod fanged from 0.0% to 47.1% with an average of 16.2%.
Populations of ‘H. virescens increased substantially during the latter
part of the season (Table V). Inlthig same field, Price and Young (1969)
reported H. virescens population reached 75%.

Lingren and Bryan-.(1965) reported. that H, zea is the dominant
species on cotton in Oklahoma and mentioned that H. virescens may con-

tribute 10-207%, to bollworm complex infestations during certain periods
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of the cotton growing season.
Effect of Insecticides on Parasites -in.Treatment Area

Bollworm larvae collected for speciles determination were also
checked for parasites. The parasite most commonly collected from field

collected larvae .was a braconid, Microplitis croceipes (Cresson). Sev-.

eral unidentified tachinid flies and parasitic hymenopterans were also
collected.

The percent of ‘bollworm larvae parasitized over tlils 48 day period
ranged from 14,9% to 41.77 with a seasonal average of .29.0%. The para-
sitism rate was fairly consistent as seen in Table IV throughout the
treatment period., The tobacco budworm parasitism was lower than the
bollworm and ranged from 0.0%Z to 23.8% with an average parasitism rate
of 7.5%.

Bottrell et al. (1968) found that 7% of bollworms (1086) and 16% of
tobacco budworms (69) collected in Oklahoma in 1966 from cotton were
parasitized. Sixteen percent of the H. zea collected from alfalfa were
parasitized.

The parasitism rate for the bollworm complex was surprisingly high
although insecticides were applied over this area except.for the checks
on August 12, 13, 19, 24, 30, and September 3. Other cotton on the
station was also sprayed during this period. One item.that should be
kept in mind is that a large number of theseylarvae came from the check
which Were‘randomly distributed in the treatments and from the treatments
that failed to give control. In addition, an alfalfa field bordered the
South side of the plots, although growth in this field was very poor due

to the dry wather., There is a possibility that these two factors might
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have contributed to this high parasitism rate, However, additional re-
search on parasitism needs to be investigated for the significant infor—

mations.



SUMMARY .AND CONCLUSION

Eight compounds and compound combinations were evaluated for con-
trol of the bollworm, Heliothis zea (Boddie), the tobacco. budworm,

Heliothis virescens (F.), and the boll weevil, Anthonomus grandis (Bohe-

man), in field experiments conducted at South Central Research Stationm,
Chickasha, Oklahoma, during the summer of 1971.

For conventional sprays several chemicals, except two herbicides;
Dow General and Premerge, reduced the infestations of the bollworm com-
Plex significantly below that of the check., Azodrin at 1.0 1lb. per acre
gave the best control after four applications.

The conventional sprays were superior to the accutrol air-emulsion
spray system at the three different tractor speeds used for bollworm-
budworm control, The.tractor speed also affected control; damage Wés
greater as the speed of the tractor increased. .

The boll weevil population were so low that an adequate evaluation
of chemicals could.not be made.

The seasonal average.of the‘bollworm and the ﬁobaceolbudworm larvae
collected between August 12 and September 28, were 83.87% and 16.2%,.ré—.
spectively. The average parasition rate of the bollworm was 29.0%, coﬁ;'
pared with 7.5Z of the tobacco budworm. The parasite most'commonly'

\
found from field collected larvae was Microplitis croceipes (Cresson).

Additional research on using selective insecticides and new tech-

niques of applications is urgently needed to dewelop better control mea-

sures for the bollwyorm and the tobacco budworm,
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TABLE I

PERCENT OF -FRUITS DAMAGED BY H. ZEA AND H. VIRESCENS IN SMALL PLOT FIELD
TESTS USING CONVENTIONAL SPRAYS, CHICKASHA, OKLAHOMA 1971

. Lbs. Actual Sampling Dates.
Chemical "~ Tox/A . - : - . - - —T353
; 8/12 8/18 8/23 8/30 9/3 9/8 °  Avg *“?
Azodrin 1.0 5.3 7.7 6.3 5.3 5.0 1.0 5,12
Galecron + 0.5+ .
Methyl parathion 0.25 2.0 0.7 4,7 8.7 9.7 8.0 6.4
Phosvel 1.5 1.7 5.7 6.3 13.0 7.3 3.0 7.2
Galecron 0.5 3.3 5.3 7.7 11,3 11.7 6.3 8.5%
Toxaphene. + 2.0+ a
Methyl parathion 1.0 3.0 0.3 6.0 17.0 18.0 14.7 11.2
Pencap M 1.0 1.3 3.0 8.0 25,0 17.3 3.7 11.4%
Methyl parathion 1.0 2.0 2.0 12.3 20.3 31.7 11.7 15.6%
Premerge 0.125 2.0 14.0 35.3 66.3 68.0 48.3. 46.4°
Check - 2.0 10.7 31.7 65.3 74.3 51.7 46.7°
Dow General 0.125 4.3 20.0 36.7 70.3 51.5b

72.3

58.3

lBased on 100 fruits from each of three replicates on count. date.

28/12 count not included in seasonal average.

3Entries with any of the same letters had no significant difference (5% level of probability) measured

by Duncan'

s multiple range test.

GE



TABLE II

PERCENT OF FRUITS DAMAGED BY-THE BOLL WEEVIL IN SMALL PLOT FIELD
TESTS USING CONVENTIONAL SPRAYS, CHICKASHA, OKLAHOMA 1971

o Lbs. Actual . ‘ ’ " Sampling Dates _
Chemical Tox/A : - — — : —_ 1573
o 8/12 8/18 8/23 8/30 9/3 9/8 Avg*“s
Premerge 0.125 0.0 1.7 0.3 0.0 0.7 1.0 0.72s¢
Azodrin 1.0 0.0 1.3 1.3 0.0 0.7 0.7 0.8%2¢
Phosvel 1.5 0.7 0.7 1.0 0.7 0.7 1.7 1.0%°¢
Methyl parathion 1.0 2.3 0.7 0.3 0.7 0.3 3.0 1.02°¢
Pencap M 1.0 1.0 - 0.7 1.3 1.3 1.0 1.0 1.1%¢
Galecron + 0.5+
Methyl parathion 0.25 0.7 0.3 0.0 0.7 1.7 2.7 1,12-¢
Galecron 0.5 0.7 1.0 0.3 2.7 2.0 0.7 - 1.3%¢
Toxaphene + 2.0+ b
Methyl parathion 1.0 0.7 2.3 0.3 1.0 1.7 3.7 1.8°°¢
Dow General 0.125 0.7 2.3 1.7 0.3 2.7 3.7 2.1%2¢
Check — 0.5 2.0 1.0 0.7 3.0 8.3 3.0°

lBased on 100 fruits from each of three replicates on count -date.

28/12 count not included in seasonal average.

3Entries with any of the same letters had no significant difference (5% level of probability) measured
by Duncan's multiple range test.

9¢
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TABLE III

PERCENT OF FRUITS DAMAGED BY H. ZEA AND H. VIRESCENS USING
CONVENTIONAL SPRAYS VS. AIR EMULSION SPRAYS AT DIFFERENT
TRACTOR SPEEDS, CHICKASHA, OKLAHOMA 1971

Method of ' ' ' Sampling Dates
Application  MPH  8/13  8/18  8/23  8/30 Avg?e3h
Conventional 3 3.0 5.7 9.3 9.6 8.2a’b’9’d

6 3.0 8.0 16.3  22.0  15.42:Ps¢

9 1.0 10.0 20,0  27.3  19,1%:P»d
Air-Emulsion 3 5.7 21,7 26.0 26.0  24,6%:P4d

6 1.0 17.3 31.3 46,0  31,5%€

9 4,0 19.0 33.0 52,7 34.9%°¢

b

Check - 3.0 18.7 46.3 67.0 44,0

1Phosvel.at 1.5 1lbs of actual toxicant per acre was used for all
treatments.

2Based on. 100 fruits from each of three replicates on.count dates.

38/13 count not included in seasonal average.

4Entries with any of the same letters had no significant difference.
(5% level. of probability) measured by Duncan's multiple range. test.
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TABLE IV
PERCENT OF FRUITS DAMAGED BY THE BOLL WEEVIL USING CON-
VENTIONAL SPRAYS VS. .AIR EMULSION SPRAYS AT DIFFERENT

TRACTOR SPEEDS, CHICKASHA, OKLAHOMA 1971

Method ' ‘ Sampling Dates

Application® MPH 8/13  8/18 8/23 8/30  Avg?r>d

Conventional 3 1.0 1.0 4.7 1.3 2,3P2¢

6 1.7 2.3 5.3 0.3 2.6°2¢

9 1.7 2.0 4.7 1.0 2,6°7¢

Air-Emulsion 3 1.0 1.3 7.0 0.0 2.8P:¢
6 3.7 4.7 6.7 0.7 4.0°

9 3.7 2.3 3.0 0.0 1,8%:¢

b,c

Check - 1.7 1.7 7.0 1.3 3.3

1Phosvel at 1,5 1bs of actual toxicant per acre was used for all
treatments.

2 ‘ ,
Based on 100 fruits from each of three replicates.on count dates.

)

38/13 count not included in seasonal average.

4Entries with .any of the same letters had no significant difference
(5% level of probability) measured by Duncan's multiple range test.
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TABLE V
PERCENT H. ZEA AND H. VIRESCENS LARVAE COLLECTED. IN INSECTICIDAL PLOTS

AND PERCENT OF LARVAE PARASITIZED, CHICKASHA, OKLAHOMA 1971

Dates v No. of Larvéev: % ‘ % Parasitized
Collected Collected H. zea H. virescens H. zea H. virescens

Aug. 12 74 100.0 0.0 4.9 0.0

19 95 88.0 12.0 27 .4 0.0

24 142 92.3 7.8 23.7 18,2

30 187 88.8 11,2 25.3 23.8

Sept. 3 86 90.7 9.3 2% .4 0.0

8 32 90.6 9.4 41.4 0.0

15 51 52.9 47.1 33,3 12,5

28 54 - 66.7 33.3 41.7 5.6

Total - m - . .

Season Average. - 83.8. 16,2 29.0 7.5
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