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PREFACE

Since cotton acreage allotments went into effect in 1953 much
more emphasis is being put on insect controi. Fach summer students
from Oklahoma Agricultural and Mechanical College participate in
super%ised insect control programs conducted on irrigated cotton
throughout different parts of West Texas., Dr., F. A, Fenton, Pro-
fessor of Entomology and Head Emeritus of the Department of Ento-
mology, Oklahoma A. and MouCollege has worked diligently in select-
ing and placing the writer and many other students in this work..

The author has been participating in supervised cotton insect con=-
trol programs since 1953 and feels that he has received valuable ex-
perience in this field of endeavor. With these facts in mind, Dr.
Fenton suggested that I study the records from my work of the past
two summers and write a thesis from this material. I have dttempted
to evaluate the control program that I followed along with a detailed
écological study and control measures applied,

The author wishes to express his appreciation to his major ad-
visor, Dr. P, A. Fenton, for his valuable assistance and careful
guidance in the preparation of this paper.. Also, much guidance on
preparation and constructive criticisms of this manuscript was re-
ceived from Drs. D. E. Howell, Professor of Entomclogy at Oklahoma

A, and M. College, R. R.. Walton, Professor of Entomology, D. E. Bryan,
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Asso?iate Professor of Entomology and J.. E. Thomas, Associate Pro-
fessor of Botany and Plant Pathology.

Indebtedness is also acknowledged to the following specialists:-
Kellie 0'Neill, P. W. Oman, Louise M. Russell, and H. W. Capps; Uni-
ted States Department of Agriculture Insect Identification and Para-
site Introduction Section, for identification of thrips, aphids,
lepideopterous larvae and many pinned specimens: te Harvey Hamilton,
student, for assisting in graph drawings, to Messrs. James Stanford,
graduate student, Robert Stanford and Glen Mooney, students, for help-

ful suggestions and planning of work.

Harold E. Stanford
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INTRODUCTION

During the summers of 1953 and 1954 the writer was employed re-
spectively at Lubbock and Pecos, Texas by two cotion insect survey
organizations who advised their clients on the current insect infes-
tations in their fields. During the past two seasons he has managed
his own service at Pecos, Texas, called the Stanford Entomology Ser-
vice. The main purpose of the inspection service was not only to
take infestation records; but to give control recommendations if
needed.. This service consisted of inspecting the customers! cotton
fields 3 times each week for a 13-weeks period for which each farmer
paid $1.30 per acre. The total acreage under contract was 2550 in
1955 and 4400 in 1956.. During ﬁhese years a detailed set of notes
was kept of the insect infestations in this area. A study and in-
terpretation of these records has been used as the subject matter
of this thesis.

The area included in this survey extends roughly from Balmorhea
to Pecos, Texas, and comprises approximately 54,000 acres of irri-
gated cotton (Fig. 1), This area can be described as a treeless
plain that slopes slightly from the Davis Mountains, south of Bal-
morhea, to and beyond Pecos.

- According to the U. S. Weather Bureau data, the average annual
rainfall for the last two years was considerably below normal, Rain-

fall in 1955 totalled 8.03 inches and was 2.31 inches in 1956 (Tables
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1, 2)o Cotton farmers in this area depend entirely on irrigation
water for growing their crops. The average growing season is 232
days long with the first killing frost around November 5,

The average temperatures for the Pecos Area during June, July
and August is 81.7 degrees (Tables 1, 2). In 1956 the temperatures
were 3,4 degrees above normal and in 1955 they were 0.3 degrees above
normal., This area is characterized by having warm nights (66 degrees
average) which are favorable to plant growth during this time,

With these favorable climatic conditions plus the development
of deep well irrigation which started in 1946, the Pecos Valley has
become one of the major cotion raising districts in the United States.
The cotton industry about Pecos developed wery slowly. By trial and
error, through these times, it was discovered that the long staplej
cotton with exceptional fiber stirength could be more successfully
grown in the Pecos area than any point in the ™01d South®, The prin-
cipal variety grown, which was developed particularly for that regien,
is Acala 1517, Pima, a variety with extremely long staple @ﬂ%@ﬂ
plus), which was developed in Pimas, Arizona, is also grown to a lim-
ited extent.

As irrigation and the growing of improved cotton varieties were
established resulting in a ﬁarked increase in cotton acreage, the in-
sect problem also increased, As insect damage increased, many far-
mers attempted to ovér@ome.losées‘dua to iusects by overplanting.

However, farmers became more interested in insecticidal control.

TAcala and Pima both were considered long staple cotton,



Table 1 - Climatological data for the Pecos Area, 1955*

Temperature Degrees Fahrenheit

Inches Rainfall

Month Mean Extremes
‘ ) Departure Departure

Max, Min, Avg, High Date ‘Low Tate From Normal Total From Normal
January 56,7 27,7 ko2 78 5 10 10 =3,3 0.79 0.32
February 65.6 - 2749 46,8 79 28 15 11 =1.5 0,00 =0629
March 76,8  37.0 5609 90 15 19 28 0.7 0,00 <0.kL9 -
April 86,2  L7.0 66,6 100 23 35 2 1.1 0,00 =0.7h
May 92,0 5762 Tho6 103 25 N I2 1.7 0635 =067
June 98,9 62,8 80.9 110 9 55 10 0,2 1.82 0.6L
July 97 .0 w 68.1 82,6 105 9 63 18 0,3 1.81 0.U42
August 96,8 68.0  82.4 105 10 62. 29 0.k 0,35 0,89
September 93,0  62.9 78.0 100 L 52 2 37 2,55 0.69
October 8L.0  L8.0 66,0 98 1 36 30 0.9 0.56 ~1,01
November 704 36,0 53.2 88v‘ 1 21 29 1.1 0,00 0.58
December - 6Lo5 30,3 - L7.h 8y 25 15 9 1.9 0,00 ~0,54

®Based on records from the Pecos Weather Bureau Station,



" Table 2 = Climatological data for the Pecos Area, 1956%*

7

Temperature Degrees Fahrenheit

Inches Rainfall

Extremes -

Month Mean _ .

, C o . Departure Departure

Maxes . Mine .. Ave, . High ,:Dgte Low Date From Normal . Total ~ From Normal
January 63.2 28,4 L5 .8 81 28 18 13 o 0.3 0.0 -0,07
February 62.8 29.1 L6,0 88 2L 12 L 2.3 0.00 =0.29
March 6.5 38,6 57.6 9 A 19 8 1. 0.05 0.kl
April 81.0  L6.T7 63.9 100 27 35 I =1.6 0,10 =06k
May 96,0 59,9 78.0 106 13 50 6 5.1 0.22 -0.80
June 102.8 69,3 86.1 110 15 63 12 5.4 060 -0.58
July 1021 69.6  85.9 110 5 65 22 3.6 0.78 0,61
August 1100.2 6646 83.L 106 9 60 22 1.4 0,00 =0.0L
September  96.  58.7 776 105 16 L6 10 3.3 0.11 ~1.75
6ctober 88.8 50.3 6946 99 1 30 kil L5 0,05 =1.52
November 68,8  30.7 L9.8 86 12 15 22 =243 0,00 =0,58
December 65,1 _ 29.5  L7.3 80_ 6 16 27 1.8 0,05 =0ok9

¥Based on records from the Pecos Weather Bureau Station.



In the fall of 1953 cotton acreage control went into effect in
the Pecos area. Until acreage allotments were passed very little
emphasis was given to complete insect control. 4s the acreage de-
voted to cotton was lowered, most farmers began to use more fertili-
zer and irrigation water to increase their yields thus offsetting
losses of total cotton production. This resulted in better cotton
being grown throughout the Pecos Valley. The cotton plants grew
rapidly producing an abundance of succulent vegetative and fruiting
structures.. This condition proved very faverable for many insects
and they began to cause inereasing damage in this area,

With greater emphasis being put on cotton yields the amount of
insecticides used increased rapidly. According to records of the
Western Cotton and 0il Company, the cost of insect control in the
Pecos area increased from $4.00 per acre in 1948 to approximately
$30.00 per acre in 1956, This rising cost of insect control can be
correlated with the higher yield of cotton growers received from
1948 to 1956.. This increase, in yield, is definitely not due to
insect control alone. The amount of fertilizer and the planting of
better adapted varieties has also been very important in increasing
the cotton production in the Pecos Valley. This information does
indicate that the rising total cost of insect control is econocmical,
in relation to yileld if the insects are present in large enough num-
bers to warrant p;isoning°

During the inspection periods of 1955 and 1956 it was found nec-
essary to treat all of the contracted cotton with one or more insec-

ticide formulations.



Review of literature

During the two-year period when the writer operated a cotton
insect inspection service in the Pecos area there.were five major
insect pest control problems which had to be solved. Information
pertaining to the ecology and control of these pests is very exten-
sive. The literature which has the most important bearing on this
thesis is herewith cited.

Detailed studies on the biology of the bollworm were made by
Quaintance and Brues (1905). They stated that oviposition usually
occurred between sunset and darkness with the average incubation
period being 2 to 3 days. They found that the larva usually molts
8ix times and the life cycle was completed in from 30 to 35 days in
the cotton belt. Many workers have published their results on con-
trol with various insecticides notably Gaines and Dean (1948) and
Owens and Gaines (1952). .From &ll of this previous work has come the
fact that DDT is one of the most effective insecticides which can be
used against this species. The species name has been changed many
times and is now recognized as Heliothis zea (Boddie).

Although cotton has been mentioned by numerous writers as a
host plant of the cabbage looper, Trichoplusia ni (Hbn.), very lit-
tle has been published dealing directly with the bilology of the loo-
pers on cotton. On other crops several writers have studied and pub-
lished its biology in detail. McKinney (1944) found the egg incuba~
tion period on lettuce to be from 3 to 10 days. He stated that the
looper passes through 4 or 5 instars and completes the feeding period

in from 10 to 50 days. Much work has been done concerning insecticide



control of this pest. Hervey et al. (1954, 1956) found that endrin
controlled the looper much more effectively than DDT.
Faulkner (1952)' conducted a study concerning the biology and

habits of the cotton fleahopper, Psallus seriatus (Reut.), and three

lygus species namely, Lygus hesperus (Knight), Lygus elisus (Van D.),

and Lygus oblineatus’ (Ssay.) in the Pecos Valley. He stated that the
average incubation period for the cotton fleahopper egg was seven days
followed by five nymphal instars before reaching maturity. -He found
that the egg incubation period of the above lygus bugs was from T to

2 weeks long, there were five nymphal instars and the life cycle re-
quired approximately three weeks..

Research over a number of years in Oklahoma indicates that ef-
forts to control the cotton fleahopper are generally unwarranted..

In these tests there was no evidence that this insect alone reduces
yields (Brett 1946). Reinhard (1926) made an extensive biological
study of this pest and claimed it to be more serious than the boll=
weevil in some areas of Texas. Painter (1930) found that fleshopper
injury to the tissues of the cotton plant was very severe,

Eyer and Medler (1942) found that these species of lygus bugs
and fleahoppers could be controlled with caleium arsenate and sulfur.
More recent work by Parencia & Cowan (1953), and Glick & Lattimore
(1954) showed that DDT would more effectively control these pests.

Information concerning the biology of the thrips Frankliniella

occidentalis {Perg.) has been observed and studied by workers in Cali-

1Nowcalled Lygus lineolaris (P de B).




fornia, Bailey (1938) found the egg stage to be 15 days in early
spring and five days during the summer. Under laboratory conditions
Bryan and Smith (1956) found the incubation period to be four days
long at 26,7 degrees Céntigradeo The life cycle periods they studied
ranged from 13.9 to 44.2 days at different temperatures.

Results of chemical control tests by Gaines (1934)? Fletcher and
Gaines (1939), Fletcher et al. (1947, and Gaines ot al. (1947, 1948,
1951) indieated that insecticides reduced the thrips injury but failed

to produce an increase in total yield of cotton.



INSPECTION METHODS USED

The inspection service was sold to 14 different farmers in 1955
and 23 in 1956. These people operated farms within an area of 30
square miles (Fig. 1). The writer made all of the field counts in

1955 but in 1956 due to the large number of acres contracted he was
assisted by another field checker., ZEach field checker inspected ap-
proximately 1100 acres each day.. It took approximately 25 minutes
for each T00-plant count which, as shown below, was the unit for each
50 acres., Fach field checker worked about 11 hours,,6‘days‘ea¢hIWe¢k.
This included the inspection time in the field plus the driving time
between check points.,

Each field was inspected three times every week starting June 11
and ending September 9, Counts were taken at 5 points selected at
random on each 50 acres in a given field. At each point counts were
made on Z0 plants or a total of 100 plants per 50 acres..

The size of the'fieids ranged from 13 to 732 acres and a minimum
of 100 plants was examined from each field. The eounts included eggs
or other life stages of all harmful and beneficial insects which were
present on the cotton plants. Fach count was recorded on report forms
which were made up for the individual farms (Table 3). These reports

contained the actual infestation counts for each insect found.
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TABLE 3— STANDARD REPORT FORM_FOR INSECT RECORDS
STANFORD ENTOMOLOGY SERVICE

DATE

OWNER'S NAME.

BETWEEN THE HOURS OF.

INSECT INFESTATION IS AS FOLLOWS PER 100 PLANT COUNTS:
(REFER TO MAP FOR LOCATION)
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Infestation Counts of Injurious Species

Infestation counts were made on several insect species found
in the area, The number of insects on 100 plants was recorded for
the cotton bollworm, cabbage looper, cotton fleahopper, lygus btugs,

~and two species of stink bugs Chlorochroa uhleri (Say) and G. ligata

(say)e The number of eggs and larvae of the bollworm and cabbage
lovper were also counted., In addition, infestation counts were mads
for the nymphs and adults of the cotton fleshopper, lypus and stink
bugs. All other harmful and beneficial insect populations wers re-
corded as "light®;, “"moderate®, or "heavy",.

The criteria used in determining whether a farm should receive
chemical treatment or not depended on many factors such as infesta~
tlon percentages, climatic conditions, condition of crop and number
of predators. The infestation percentage was the major factor used
in giving control recommendations. The methods used depended upon

the species found.

Cotton Bollworm - Counts were made on the number of white and brown

eggs and small, medium and large larvae, The top one-third of each
count plant was carefully examined fdr eggs and larvae since it was
found that most of these stages were restricted to this part of the
plant, BEggs were classgified as new and old., This classification
was based on thelr color. The new eggs were white in color and lsss
than one day old, The so=called "old eggs"™ were brown in color and

were laid more than one day before being counted,
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Small larvae were usually found in terminals, small squares
and blooms, Those classed as small were in the first and second
instars. The medium sized larvae included the third and fourth in-
stars, Those classed as large larvae were between the fourth stage
of development and pupation in the soil.

Whenever 6 larvae were found on 100 plants, control recommen-
dations were given, This was called a 6 percent infestation. Con-
trol was also recommended when 4 or 5 percent larva infestation and
a high egg infestation (10-15) was present.. In no case were control

recommendations based on numbers of moths or eggs alone.

Cabbage Looper — The infestation counts for the cabbage looper were
made very much like the bollworm counts.. However; the procedure in
giving recommendations was completely different from the bollworm.
Counts were made on the total number of eggs and the number of small
and large larvae. The age of the looper eggs could not be determined
in the field and all were recorded in a composite manner. The small
larvae were those from hatching up to half grown, older larvae were
classified as large when being recorded.

The procedure in giving control recommendations varied somewhat
due to the large number of loopers present. The amount of damage and
size of the loopers were taken into consideration in determining when
to poison.. If the plants were showing excessive damage a residual
polson was kept on the plants until heavy feeding was over or until
the numbers were reduced. The recommendations were aimed at control-
ling the small loopers which were much easier to kill. In genmeral,

control measures were recommended when an average of 30-40 loopers
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were found on each 100 plants inspected. No control measures were

recomended if the great majority of the larvae were over half grown
because of their.resistance to insecticides.. The presence of looper
eggs had little influence oﬁ the recommendations because the hatching

dates were very difficult to determine by field observation.

Lygus Bugs - Because of their habits, which will be discussed later
in this paper, the lygus bugs were very difficult. to count and record.
Counts were made as accurately as possible and insecticide control
was recommended when 10-12 nymphs or adults were found to each 100
plants inspected.

A few of the fields that were checked were ad jacent to or near
alfalfa fields. Sweepings were made in the latter crop just before
it was eut. This was to determine the possibility of heavy infesta-
tions of lygus migrating into the cotton fields, This condition came
up twice in 1956 and a border treatment of approximately 20 yards wide

was recommended.

Cotton Fleéhopper and Stink Bugs = The counts were taken in the same

manner as for the others described previously and the infestation
percentages were recorded. - When.15 to”ZOsnymphslqr adulte of the cot-
ton fleahopper or stink bugs were present on each 100 planis, control

was recommended.

The Climatic Factor

Weather conditions at the time of application markedly influenced
the effectiveness of insecticide treatments. In some cases the time

of treatment and the type of formulations used were determined by the
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prevailing weather. During June, July and August, 1956, very little
dew was present on the cotton leaves., The relative humidity was so
low during this time that the dust mixtures would not adhere to the
leaves and spraying was recbmmended in several cases. Also, the wind
velocity influenced the poisoning dates somewhat. In most cases, ap-
plication was made during the early morning hours while the air was

relatively calm and humidity conditions more favorable,

Plant Fruiting Conditions

The crop condition and the date of the season were imbortant in
determining the farmers' acceptance of control recommendations. The
cotton plants loaded well during the early part of 1956 but the proba-
bility of shedding of forms caused growers to be less receptive to
control measures than later in the season.

The use of shedding of fruit as a factor in determining when to
poison was very debatable in the Pecos Valley area. General estim-
ates showed no correlation between number of flowers produced and
the final number of folls set on the plants, The shedding of fruit
was observed very closely but was considered of minor importance in

this. area,

Presence of Beneficial Species

The value of predaceous and parasitic insecits was considered
in making control recommendations., However, this factor seems %o be
greatly over rated by some in the Pecos Valley area. A few farmers
purchased ladybird beetles with the idea that they would control any

number of harmful cotton insects and were very disappointed in their
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results., Beneficial insects naturally occuring in the fields delayed
or made unnecessary some poison applications. During the first three
weeks in June, 1956, the value of predators, chiefly Qrius spp. and
Hippodamia spp. was very great due to the large numbers present.

Later on in the season,, when the cotton ecrop had been poisoned; their

numbers decreased considerably.



ECOLOGICAL STUDY OF MAJOR PESTS

A list of the more common cotton insect and arachnid species
found in this area is given in Table 4. The list is made up of major
and minor cotton pests and the beneficial forms found in cotton. The
major pests were so designated because of the large amount of damage

they caused during 1955 and 1956,

Cotton Bollworm

In the Pecos area, bollworm moths were first observed June 17,
1955, and June 11, 1956, They were commonly observed flying during
the late afternoon and early morning hours.and their crepuscular
activity was demonstrated by trap lights. This crepuscular activity
has been noted by several writers.

The moths were attracted much more to rapidly growing cotton
plants than they were to slow growing ones, This meant that in fields
where moisture and temperature were right for rapid growth in plants
a great increase in bollworm moth populations usually followed. A
good example of this condition is shown in Figure 2. Approximately-
two days after the cotton had been irrigated an abundance of new
succulent growth was present. Freshly laid bollwprm eggs were found
in this area in large numbers. On cotton that had been watered five
days previous to inspection, small bollworms were found hatehing,

along with a few old eggs present. The dry cotton was practically

17
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Table 4.~The most common insect and arachnid species found in
Pecos cotton fields, 1955=1956.

Harmful

Beet armyworm, Laphyema exigua (Hbn.).

Cabbage looper,. Trichoplusia ni (Hbn.)*

Cotton bollworm, Heliothis zea (Boddie)*

Cotton fleshopper, Psallus seriatus (Reut..)®
Cotton leafworm, Alabama argillacea (Hbn.).

Cotton square borer, Strymon melinus (Hbn.).
Flower Thrips, Frankliniella ocecidentalis (Perg.)..
Lygus bug, Lygus sppw*

Melon aphid, Aphis gossypii (Glover)..

Spider mite, Tetranychus spp..

Stink bug, Chlorochroa uhleri (Say) and C. ligata (Say).

Beneficial

Big-eyed-bug, Geocoris sppe.. ,

Collops beetle, chiefly Collops guadrimaculatus (Fab.).

Flower bug, Qrius insidiosus (Say) and Q. tristieolor (Say).

Ground beetle, Carabidae spp.

Hooded beetle, Notoxus Spp.

Lacewing, Chrysopa spp.

Lady beetle, Hippodamia convergens (Guer) and (Olla abdominalis (Say).
Spiders, Araneida spp.

®0f major importance during 2-year period.
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free of bollworm infestations throughout this period of time. Mi-
gration of bollworm moths behind irrigation water was very common
in the Pecos area during 1955 and 1956.

Egg deposition usually started very quickly after the moths were
first noticed flying about in the fields, Eggs usually occurred on
the upper one-third of the plants and most frequently on the new
growth present. The eggs appeared white the first day after deposi-
tion, They turned brown as they got older, and the usual sequence
was hatching and small larvae three days after large numbers of white
eggs Were recorded,

In 1955, very few bollworm moths or eggs were seen during June,
The small number of eggs that occured then were fed upon by the flower
bug, Orius spp. and other predaceous insects. Only a few larvae were
found during this time and few of these survived to reach the late
instars., Early in Julyb'the.eggfinfestation increased very rapidly
and the predators present did not control the larvae that hatched.

Approximately 80 percent of the farms that we checked, in 1955,
showed 3 or 4 noticeable egg population peaks. The records for the
Bill Water's Farm (Fig.. 3) are.indicative of the trend observed on
many farms in 1955.. The location of this farm is shown as 1-A in .
Figure 1.. Usually two of these peaks occurred in July and two more
in August. The greatest number was found on August 10. Very few
eggs were found in September of 1955..

During 1956, bollwérm eggs were found a few days earlier than
in 1955. However, the number of eggs usually did not exceed 4 or 5

per hundred cotton plants during June. Those found during this tinme
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were usually eaten by predators. On the T. R. Chenoweth farm, in-
spected June 19, 1956, an average of 17 lady beetles and 5 flower
bugs were controlling a 3 percent egg infestation. These predators
were observed feeding on the bollworm eggs and the hatching of larvae
was n9t successful. The above condition was very typical through

the month of June, However, when this balance was upset in some of
the fields, the egg infestation increased and the bollworm larvae

had to be controlled by chemical methods.

The egg infestation, in 1956, followed a similar pattern as it
did in 1955 as shown by the records téken on the Dan Brijalba farm
(Figure 4). However, eggs occurred in larger numbers throughout the
sumner and several were found in early September. Many of thpse eges
observed in September turned black instead of the usual brown color.
Many never hatched and this was thought to be due to the cool nights
that occurred at this time,

After emerging from the egg shell some of the small larvae eat
the shells from which they hatched. This was observed in several
instances. The young larvae feeds at first near its hatching place,

_ then begins to wander away, crawling from one leaf to another; until
a young bud or boll is found, into which it bores. In the Pecos area,
the first 3, 4 or more days are spent feeding on the upper portions
of the plant, It was at this early wandering, leaf feeding stage,
that control measures were directed. Alse, at this time, many small
larvae were killed by their natural enemies such as lady beetles and
their larvae and other predaceous insects. Rarely was more than one

larva of the same size found on a single plant for any considerable
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period of time., As the worms became older, they moved down the plants
boring into larger bolls. These older larvae were usually never pres-
ent on the upper portion of the plants where small larvae were found,

When the young worms entered the flower buds, the involucre
flared open and the young bud or young bell finally dropped from the
plant, This condition is referred to as "shedding® but was not caused
by the bollworm alone in the Pec¢os area. Other insects such as lygus
bugs and fleahoppers were concerned in this damage. A large amount
of damage was done by the bollworm in this way, as a single larve

traveled from bud to bud, deserting each before it fell from the plant.

Cabbage Looper

For several years the cotton growers of the upper Pecos Valley
had not considered the cabbage looper a major pest of cotton. Usually
they appeared in small numbers late in the summer and were easily con--
trolled. Some cotton growers believe this pest is more beneficial
than harmful when they occur in small rumbers. They think that a
small amount of injury will cause the plants to slow down vegetative
growth temporarily and produce fruit more rapidly.

In the summer of 1955, an unusual outbreak of cabbage loopers
occurred in the Pecos area, Tremendous numbers of looper moths be-
gan to migrate into the cotton fields. It is presumed that they mi-
grated from the Rio Grande Valleyw They were reported near Bakers-
field, 90 miles southeast of Peeos; on July 22 and reached the Pecos
area July 26, 1955,

These looper moths are crepuscular, being most active at night

but also very active during cloudy days.. Generally,. they are inactive
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during the daytime. However, they managed to lay enormous numbers

of small disc-shaped eggs in spots scattered throughout the fields.
These eggs were crystal white in color and approximately T4 times
larger than the bollworm eggs. As they beeame alder a small larva
could be seen developing inside each egg shell. This was also true
for the developing bollworm but the tiny looper was much more sharply
defined beneath its egg shell.. The larval head first appeared as a
black dot and grew larger as the egg neared the hatching period.

The looper eggs were more numerous near the edges of the fields,
They were laid singly on all parts of the plant, but the greatest
number were laid on the underside of the lower leaves. No major
correlation between the looper egg population and irrigation dates
could be established because they occurred in large numbers both on
dry cotton and on freshly irrigated cotton.

The 1955 looper egg infestation coming as an aftermath of the moth
flight showed one definite peak with the largest number found on Aug-
ust 10, as typically seen on the James Moore farm (Fig. 5). Many of
the eggs survived natural control factors, and chemical treatment had
to be recommended soon after egg hatch. At Pecos this began 5 to 8
days after deposition, depending on the local weather conditions.

After hatc?ing, the larvae started feeding on the leaf tissues
on the under51d+ of the leaves. The small loopers were very active
and fed rapidlyion all leaves of the plants., The larvae crauwled from
laa: to leaf in a looping motion. When being disturbed they had the
habit of raising upon their prolegs or curling up and dropping to the
ground.. In heavily infested spots in the field the cotton foliage

was left in a very ragged looking condition..
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When the feeding period of approximately 18 days had been com-—
pleted, the larva spun a white cocoon and transformed into a pupa.
The newly formed pupa was light green in color and could easily be
seen inside the cocoon., The pupa turned brown just before the moth
emerged. It was usually attached to the underside of the leaves..
Sometimes the larva pulled the edges of the cotton leaf inward, thus
forming an enclosure around the cocoon.

During 1956, the cabbage looper mothe appeared in the Pecos .
area on June 23, as compared with July 21, 1955. It has been sug-
gested that this early appearamnce might be due to the fact that ab-
normally warm temperatures in 1955 and 1956 permitted loopers to
overwinter in the Pecos area.. An &lternate explanation proposed is
that abnormally dry eonditions in southern Texas and Mexieo in 1956
may have deteriorated host plants earlier than usual, thus causing
an early migration to irrigated fields in the Peeos area,

Looper eggs were very numerous with 200-300 eggs per hundred
plants being observed in some areas,. The largest egg infestation
was reported on July 25, 1956.. Figure 6 shows a typical situation,
The egg population fluctuated somewhat, but a continuously high in-
festation prevailed from July 18 to September 1, 1956.. Many of-these
eggs were destroyed by natural econditions. pPome were observed bsing
fed upon by ground beetles. A éreat number were deﬁtroyed by large
looper larvae as they fed upon the leaves and aceldently devoured
the eggs. This was due to an overlapping of generations that oceurred
in 1956,

The loopers first appeared while the ecotton was very small. In

some instances they fed upon the whole plant and left only the stalk
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and stem standing, As in 1955, when the plants became more mature,
the outer edges of the older leaves seemed to be preferred by the
loopers. They usually started feeding between the midrib and the
outer edge of the leaf, 1In heavier damaged areas, they completely
eonsumed all parts of the leaves leaving the older and coarser veins
only. When heavily damaged by loopers, the cotton looked stunted
and shed fruit very heavily., Under such eonditions chemical control
and an abundance of water were recommended. If the population was
reduced considerably the plante in most cases revived quickly when
water was applied immediately.. The cotton produced new leaves at the
top of the plants and started growing more rapidly..

Looper damaged plants occurred in all the fields under observa-
tion. In some fields the injury was very slight, but it was heavy
in many cases. An estimate of the loss was made by S. L. Lane, a
farmer in this area., He eoncluded the cabbage looper was responsible
in increasing his insect control cost from $18 to $35 per acre and
decreased production approximately one-half bale per acre. This was

a severe case, but many acres of cotton showed heavy damage in 1956.

Cotton Fleahopper
The cotton fleahopper was the most injuriacus pest on cotton dur-

ing June; 1955; in the Pecos Valley. Fleahopper adults were first
observed June 13, 1955. The population varied through the Pecos area,
ranging upward to 75 insects pér 100 terminals, The adults had a habit
of flying when disturbed and were very hard to accurately count. In
flight they appeared as a small piece of cotton floating through the

air above the plants, They were more numerous on.the.older cotton
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which showed good growth and some fruit present, Fleahoppers were
found on both dry and freshly irrigated cotton. If excessive dryness
was permitted and wilting occurred, the fleahopper usually migrated
into more favorable areas,

The adults were present about six days before their numerous
small greenish nymphs began to show up throughout the area. The
greatest number were found June 22, 1955. Three population increases
were observed with the first oecurring in June and the other two in
July. The infestation record on the Don Roberson farm (Figure 7)
was a typical example, The effect of chemical control is shown in
this figure. No fleahoppers were found after July 25, 1955,

At Pecos, most of the fleahoppers were observed feeding on the
upper portion of the cotton plants. The favorite portion of the plant
was the new terminal growth and very small squarss. The nymphs and
adults both fed on the cotton plant causing severe damage to the
squares about the size of a pin head. The injured squares turned
brown or black and soon dropped from the plant. These insects also
fed on other parts of the cotton plants where they caused swellings
to occur., These lesions frequently were present, but very little
damage could be correlated with this injury.

The reduction in‘yield by fleahopper damage in the Pecos Valley
is very debatable., They usually damaged only the first or bottom
crop. The fleahoppers did very little damage to the mid and late
season fruit. After heavy fleahopper damage occurred it took approxi-
mately ten days for the plants to recover and produce a noticeable

number of squares. When fleahoppers were chemically controlled early
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in the season, the cotton produced a crop much earlier than the un=-
treated fields. In 1956, the fleahopper population was very low and

did very little damage to the cotton crop.

Lygus Bugs
The three most common species of lygzus bugs, according to New
Mexico Agriculture BExperiment Station in 1952, in the lower Rio Grande

and Pecos Valleys include the following: the tarnished plant bug,

Lygus lineolaris (P de B), the legume bug, L. hesperus (Knight), the

pale legume bug, L. elisis (Van D.). All three of the above species
were observed in the Pecos area. In 1955, the tarnished plant bug
was the most numerdus species present when adjacent alfalfa fields
were cut. In cotton fields of the Pecos Valley these lygus bugs
lived up to their reputation as major cotton pests during one of the
two years of this study. However, in preeeding years they were also
found to be a serious pest of cotton,.

Both the lygus nymphs and adults injure the cotton crop. This
insect feeds mostly on squares and small bolls, It causes them to
fall from the plant or remain on it and develop into deformed flbwers
and bolls, This injury produces an increase in growth of leaves and
stems, At Pecos, the injury also caused a loss -of quality by the
presence of damaged fiber or lint. Many of the seeds turned black
after lygus fed on the small bolls. On older bolls, feeding resulted
in eell deterioration which causes a scar<like tissue to form. This
conditioh caused the lint to ¢ling to the burs,

On many alfalfa fields the lygus bugs caused a dwarfing of the

plants. This condition did not ocecur on cotton. Very little damage
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to the vegetative growth of the cotton plant could be atiributed to
them, This was probably due to the rapid growth of the cotton plants
in this area.

In July, 1955, a 175~acre field was found to have 50 percent of
its fruit damaged by lygus bugs. They were first observed on June
17 and reached their population peak on July 22 (Figure 7). This
generation of lygus was mostly adults and they are believed to have
migrated from adjacent alfalfae fields since several acres had just
been cut in this area,

The adult bugs were found flying from plant to plant, being most
active during the cooler portions of the day.. During the hot part
of the day they had the habit of grouping themselves on the undersids
of the leaves or on other parts of the plants away from the sun. They
were attracted to vigorous growing cotton with lots of fruilt present.
The lygus bugs in the Pecos area huilt up populations on alfalfa
which moved to cotton after each cutting., Consequently the infesta-
tion on cotton was greatly influenced by the amount of land planted
to alfalfa and its distance from ithe cotton fields,

Sweepings were made in alfalfa on March 22, 1956. A small num-
ber of lygus adults were present on the alfalfa at that time., In
the cotton fields lygus bugs were present in varying numbers from
June 11 to August 6, 1956, but were never a serious pest.

The overall lygus damage to the cotton yield is uncertain in
this area. If other pests have reduced the fruiting potential of

the plant then lygus bug injury would become more important.
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Thrips
The species most common in the Pecos Valley was eollected by the

author and identified by Miss Kellie 0O'Neil of the United States Na-
tional Museum as Frankliniella occidentalis (Perg.). This species
is variously known as western flower thrips, western thrips and grass
thrips (Smith 1942).. According to Watts (1936) 11 species of thrips
have been found on cotton. None of these species were colleeted in
the Pecos Valley.,

The western flower thrips was a common pest of cotton in the
Pecos Valley. Thrips were observed in varying numbers throughout
the inepection periods of 1955 and 1956, They were first found on
the leaves and new terminal growth present in the early part of June.
Most of their damage was done during this seedling stage but they
were found in larger numbers on more rank cotton during July and
August,

The first evidenece of thrips injury on seedling cotton was a
grayish color found on the underside of the leaves. This color was
due to the destruction of tissues usually along the leaf veins,
Later stages of the injury eould be recognized by the puckering of
the leaves. The heavily damaged leaves formed a eup-like shape with
the outer edges turning up. Usually these outer edges would roll
or become ragged. This damage was closely assoeiated with aphid dam-
age which, however, caused the leaves to become umbrella-shaped. Ex-
cessive thrips injury caused an early dwarfing of the plants. The
cotton outgrew this injury very quickly and little effect on the to-

tal yield could be correlated with thrips damage.
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A very heavy thrips infestation was observed in blooms and on
leaves during July and August of 1956.. These thrips wére present in
large numbers and had an irritating bite when disturbed. The amount
of damage to the blooms was never determined. It is believed the
damage they did, at this particular time, was very minor and no con=-

trol measures were recommended specifically for thrips.



METHODS OF APPLICATION

In the Pecos &rea insecticides in the form of dusts or sprays
were appiied by aerial and ground equipment, The rank growth and
size of the plant, in July and August, and wet ground make it almost
gssential to use aerial applications., Two types of airplanes were
used for application purpcses, The L=4 cub and the Stearman biplane
were most commonly used. Airplane sprayers consisted of a steel tub-
ing called the spray boom suspended beneath the wings., The boom was
divided into two parts by the pump and the fuselage. When spraying
"5011d% ! cotton the boom was fitted with nozzles spaced roughly every
4 to 5 inches, Where four rows of cotton were planted and the width
of 2 or 4 left idle, the middle nozzles were removed, The airplane
dustérs consisted of a hopper inserted in the front cockpit, a wind
driven agitator, a feed-control gaie, and a yenturi spreader, The
aerial application equipment will not be discussed in detail because
of the many different types of sprayers and dusters used.

Aerial applications of chemicals were used extensively during
1955 and 1956, Independent aerial applicators were located through-
out the Pecos amrea, They applied the poison in the form of dust at
the rate of 3 cents per pound, Spray was usually applied at $1.00

per acre of cotton poisoned, These prices included the handiing and

TNo rows left unplanted



37

transportation cost to and from the fields. The above prices were
common, for the two years when applying chemicals to ™solid" cotton.

In 1956, the application prices increased, Many farmers planted 2

or 4 rows of cotton and left the width of four rows idle. They did
this to give the cotton plants more room in sending out new branches,
therefore increasing the amount of fruit per plant. This type of .
farming brought about a different insecticide application program.

They planned to use this dry idle strip between the cotton for the
tractor and ground equipment to operate. Farmers that planted their
cotton in this manner thought it would be more economical to use ground
equipment since by this method it would eliminate applying insecticides
to blank rows.

Types of ground insectieide applicators varied greatly and usually
were of the same brand as the farming equipment on the individual farms.
The most common ground machines used were tracter-drawn dusters. Very
few acres were poisoned by ground spray machines and they will not be
discussed. The duster is usually operated from the tractor power take-
off. The nozzles on the boom were placed at a level as close to the
plants as possible in order to minimize drift of the dust. A eloth
eanopy or tarpaulin was usually attached to the boom to reduce the
amount of poison lost by drift.

The use of ground machines proved very satisfactory for early
season inseet control. The amount of insecticide used per application
was reduced approximately one-third lower than the amount applied by
aerial means, However, when using ground machines, farmers had to

poison when the ground was dry, instead of waiting until the inseect
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infestation warranted eontrol, This plan worked fine until the water
backed up into the cotton rows and made turning of ground equipment
very diffiecult. In some cases, this "tail™ water made it impossible
to use ground equipment. This usually resulted in more total appli-
cations applied per seascn unless good management of the irrigation

water was used,.

Dusting

As previously stated, insecticides in the Pecos area were ap-
plied in the form of dust or spray mixtures, Many of these farmers
requested the use of dust on their cotton because of past performances
of dust in this area, Dust applications, throughout the season, usu-
ally proved very satisfactory because of better coverage on rank cot=
ton. In 1955, approximatsly 90 percent of the chemicals applied were
in the form of dust mixtures, These mixtures were applied during the
early morning hours when the air was calm., It was necessary, in get-
ting effective control, for the dust to stay down among the plants
and not rise and flcat away, During July and August the presence of
dew on the cotton planits was very common.. Dew was not a necessity
for control, but a much better adherence and coverage usually oecurred.

A decrease in the amount of dust used occurred in 1956, Some
dust mixtures were used for early season control, but poor results
occurred in many parts of the Pecos arsa, When this condition showed
up, we recommended the use of sprays and better control was obtained,
It is believed that the poor controls from dust applications were duse

to the low humidity and high temperatures present in 1956, Practically
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no dew was found on the cotton leaves and the dust particles failed
to stick to the plants for more than a short period of time.

The dust combinations were usually mixed and bagged at a chemi-
cal plant and were delivered ready for use. Only one dust mixing
plant was located in Pecos and most of the dust mixtures were shipped
in from other parts of the country. The organie insecticides in dust
mixtures usually contained the toxieant along with carriers such as
tale, pyrophyllite, or in mixtures with other inseetieides.

Applieation rates of dusts varied througheut the season., The
anount of dust reeommended depended primarily on the size of the
cotton plants and‘the amount of technical poison per pound of dust.
Also, the application rates increased if such insects as the bollworm
larvae were large in size because large larvae were not killed by
smaller dosages, The amount of dust varied from 10 to 20 pounds per

acre.

Spraying

In July and August, usually spray mixtures were used on a small
scale because of the rank growth of cotton. In 1955, about the only
spray used was applied in early June to eontrol the fleahoppers and
lygus bugs. The cotton was small at this time, and a good coverage
was obtained from sprays. Spray recommendations were made because
of their longer residual action, being effective 3 or 4 days longer
than dusts, The period of effectiveness of sprays approximated two
weeks.

Several organic insecticides, applied in spray form, were used

widely during 1956,. Results during the past year indicated that
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concentrated sprays of organic insecticides applied by aircraft or
-ground equipment, gave control of cotton insects equal to and someé
times better ﬁhan with dusts, Sprays had a wide range of usage in
that they could be applied during most of the day-light hours even
"under conditions of relatively strong winds. They were at an impor=

j tant disadvantage when heavy dews occurred because of the large amount
of run-off from the plants. Sprays were successfully zppiied to cot-
ton for control of all the insects found, excepi the cabbage looper,
However, despite relatively poor looper control, the spray mixtures
proved much bettar againsf this pest than dust mixtures using the
same amount of aetual toxicant per acrs,

The application rates of sprays‘vafied throughout the season
because of the different growths of the cotton plant.. When the cot-
ton plant was small only a small amount of spray mixture was used.
After the plants became older and more rank the applicaﬁion rates
were increased., For airplane spray applications, it was suggested
that from 3 to 5 gallons of spray containing the reecommended rate of
toxicant be applied per acre. It was essential to use some method
of flagging or marking of the swath for airplane spraying. When
using ground rigs, from 5 to 8 gallons of spray containing the reec-

ommended rate of toxicant were applied per acre,



GENERAL CONTROL OF MAJOR FESTS

The chemical control recommendations given farmers in the Pecos
area, usually were those tested and approved by the Department of
Entomology at Texas Agricultural and Mechaniecal College. Usually 5
to 7 chemical appiications were necessary for insect control during
the period of June %o September of each year., Oceasionally, fewer
applications were needed, but in some cases several more were needed.
Repeat applications were necessary and were recommended if the poison
was washed off the plants within 20 to 24 hours after application.
However, in some cases a light shower was found to "reactivate™ DDT
mixtures after they had been on the plants for 5 to 6 days. At least
there was a sudden and otherwise unexplainable decrease in number of
stages present and a reduction of infestation. This reduction did

not occur in untreated fields.

Early Season Control

In this study, the writer considers chemical and:biologicalﬁ
control of cotton insects, during June, as early season control.
Farly season chemical control was very unpopular in this area due
to the eariy infestation of bollworms showing up in mid=June. Many
Pecos farmers say, "™When you start poisoning you have to keep it up
throughout the rest of the season®. This statement proved very true

because of the mortality of beneficial insects recorded after chemical

41



applications., The benefieial inseects usually held the bollworms in
cheek in watered fields during Jure,

The actual value of beneficial insects, in the Pecos area, was .
not accurately determined, As previously stated, on June 12, 1955,
one Pecos farmer bought several thousand lady beetles (species un-
known) and put them in his cotton field. nEither as a result of this,
or the action of local predators, or parasites, or to other unknown
factors, the bollworm infestation remained. low in this field until
June 26, 1955, A heavy infestation of lygus bugs and fleahoppers
showed up at this time, and chemieal contrel had te be recommended.
This farmer wanted to save his lady beetles and at the same time con-
trol the lygus and fleahoppers. It was recommended that he use a
weak spray solution containing 0.124 pounds of dieldrin emulsifiable
concentrate and 3 gallons of water per acre. Following this applieca-
tion there was approximately 90 percent reduction of the lygus and
fleashoppers infestation. Very few beneficial insects were found
after this dieldrin application, except in the case of lady beetles.
In other fields, where DDT was used in the control mixture, very few
benefiecial insects of any type were present after chemical applicaf
tion, In contrast to this throughout the Pecos area, in 1955, it
was observed that dieldrin depressed the lady beetle population less
than any other chemical mixture used except when it was applied at
0.2 pound or more per acrs. ‘Dieldrin was found by Campbell and

Hutchins (1952) to belless toxie to Hippodamia econvergens than either

DDT or Toxophene,
Approximately 20 percent of the total contracted acres, in 1955,

warranted sarly season chemical contrcl, The insects most numercus



‘at this time were the lygus bugs and fleahoppers. However, in some

‘areas, thrips occurred in large numbers. The most common insectieide

used in controlling the lygus, thrips and fleahoppers was T pint of

dieldrin emulsifiable coneentrate containing 0,187 pound of actie

al dieldrin per acre,- If several bollworm eggs or moths were presg-

"ent at this time, two-thirds of a gallon of BHC=DDT (0.61b=1.01b)

!

mixture was recommended. The BHC-DDT mixture was recommended be—
cause dieldrin was relatively ineffective against the bollworme.

Very few harmful insects were pressnt in June, 1956, and early
season chemical control was rarely necessary. ‘Howeverg the bollworm
infestation showed up very early, but it never increased above ap-
proximately 3-5 percent., It was usually held down by predators.

In many fields these predators, mostly lady beetles, Hippcdamia con-

vergens (Guér) and Olla abdominalis (Say), flower bugs, Orius insidio-

sus (Say) and Q. tristricoler! (Say), and collops beetles, Collops

qpadrimaculatusv(Fab)y were present in large numbers, Unless the

predators were killed by poison the use of chemie¢al control through-
out the month of June was not necessary in many instances, When chemi-
cal control was necessary, we recommended the BHC-DDT mixture as pre-
viously mentioned, because of the effective results obtained in con-
trolling the bollworms with this mixture. Usually only one early sea-

son control application was needed..

1Orius trlstlco1or (5ay) is considered a varlety of Q. insidig-
sus {Say) by scme authorities.




The eontrol of harmful pests of eotton during July and August,
in the Peecos area, was usually a contifiuous program. The eotton
bollworm and the eabbage looper were the most injurious pests of
cotton at this time. Most of our eontrol recommendations were aimed
at eontrolling these two species. When giving recommendations the
possible effects of treatments on all harmful insects were consid=-
ered. This made it necessary to control as many harmful insects as
possible with one spplicatidnm

The prineipal chemical used was DDT. It was found that DDT,
at different amounts, would effeetively control the bollworm which
was the major pest found in this area., Past experienee had shown
eonclusively that the use of DDT alone for bollworm control greatly
inereased the possibility of injurious aphid, thrips and spider mite
infestations. This condition developed because the DDT killed the
parasites and predators that tended to keep these insects under eon-
trol.

With the previous problem in mind the writer, during the sea-
son of 1955, usually reeommended and obtained effective eontrol with
a dust mixture containing 2 pereent BHC; 10 pereent DDT, and 40 per-
cent sulphur. The amount applied per acre ranged from 15 to 20 pounds
depending on the size of the plants and the severity of infestation.
The presense of BHC in the mixture helped to control aphids and thrips
and was very effective against the eotton leafworm. When the aphid
infestation was very heavy, the amount of BHC in this mixture was in-

ereased from the'usual 2 pereent to 3 pereent. If exeessive numbers



and mueh damage were present, a 2 percent parathion and 10 percent
DDT mixture at 15 pounds per acre was found more effective, Sulphur
wés added to this mixture because of its mitieidal effects. Some-
times the spider mites increased even though the sulphur was added
to the mixture, When heavy infestations of spider mites were pres-
ent, we found 0.25 pound of systox emulsifiable concentrate per acre
to be most effective..

Prior to 1955 cotton growers in this area seldom if ever, treated
for loopers because they usually occurred late in the season after
most of the fruit was mature., When damage increased in 1955 looper
contrcl was recommended. The most effective looper poison in 1955
was a spray mixture of 0,25 1lb, methyl parathion plus 0.4 lb. endrin
per asre.. However, this mixture did not control the bollworms. When
bollworms were present a spray of 0.4 pound endrin plus 1.0 pound DDT
was recommended and a satisfactory control was found., Dust mixtures
eontaining the same amount ¢f toxicants did not give an effective con=-
trol of cabbage loopers, In almost every case a build-up of thrips
and aphids cecurred following an endrin-DDT application,

On August 9, 1955, a looper disease showed up and completely
eontrolled the loopers in seme fields thus reducing the need for
chemical eontrol., Semel (1956) found a disease of loopers on cruci-
fers in New York and described itvas a polyhedral wilt diseage. The
characteristics he mentioned corresponded elosely with those found
on loopers in cotton fields during 71955 in the Peeos area, The in-
fected loopers first became sluggish in their movements and later be=

came inaective and died, .During this time the body ecoloration changed



L6
from a green to a pale yellow or brownish color. Deterioration of
the internal tissues took place giving the body a fluid consistency.
Usually ﬁhe‘looper turned loose of the plant with its rear legs and
hung limp from the plant by means of its true legs. Soon the body
turned brown to blackish, the skin usually ruptured and the body con-
tents, whiech had liquefied and darkened usually scattered over the
plant tissues. If sufficient moisture and high humidity conditions
were present this disease spread rapidly from field to field.

In 1956, the same control program as used in 1955 was started.
However;, the dust mixtures, used in controlling the bollworm, became
ineffeetive probably due to high temperatures and low humidity con-
ditions (Table 1).. When this happened, a spray mixture conteining
0.125 pound parathion and 2,0 pounds DDT per acre gave good control
of all harmful insects present exeept the cabbage looper., Also, a
spray mixture containing 0.6 pound BHC and 1.0 pound DDT proved very
effeective against the bollworms and aphids. This mixture did not
control a heavy thrips infestation and the previously mentioned para-
thion=DDT spray was used. .In early August, dews begin to appear be=
cause of the high moisture content in the air plus favorable tempera-
ture conditions and the dust mixtures containing 0.45 pound BHC, 1.5
pounds DDT, and 6,0 pounds sulphur were again very effective in con—
trolling every insect present except the cabbage looper.

The cabbage looper in 1956 proved to be a real problem. Effec-
tive control could not be obtained with any of thé availlable chlorin-—
ated hydroecarbons or organic phosphates, The spray mixtures of 0,25

pound of methyl parathion and 0.4 pound of endrin per acre were still
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the most effective, but heavy looper damage still showed up through-
out the!areao Bollworm infestations foreed the mixing of DDT with
the endrin. Two and sometimes three appliceations of 0.4 lb, of en-
drin and 1.0 pound of DDT per aecre were applied to eontrol the loo-
pers in late July and early August.

One Pecos farmer applied 20 pounds of 2 pereent BHC, 10 pereent
DDT, and 40 percent sulphur dust on July 25; 0.25 pound of parathion
and 0.4 pound of endrin spray on July 30; and 20 pounds of 3 percent
BHC,. 10 percent DDT, and 40 percent sulphur dust on August 3, per
acre, before getting effective looper control., The looper disease
showed up, during this time, and helped to control the loopers in :
this field. While looper disease showed up in spots, its over-all
benefit, in 1956, throughout the Pecos area, was much less than in
1955.,. It is believed that the dry weather occurring at this time

reduced the spread of the disease..



SMALL PLOT LOOPER CONTROL TESTS

Polyhedral Disease Experiment

On August 2; 1955, an attempt was made to inoculate healthy
loopers with the previously described polyhedral disease. Two loo-
pers known to have this disease were put in one gallon of water,

The body contents liquefied and mostly dissolved in the water. This
mixture was put in an ordinary hand fly sprayer and thoroughly ap-
plied to 10 plants. These plants were located in a field that was
assumed to be free of this disease and had not recently been poisoned,
Two loopers of the same size or instar were put on each of these 10
plants., These loopers were selected from a field where no disease
had previously been recorded. They were inspeeted each day until

all had died from the disease or had pupated.

The reaction of the loopers to the .spray was very interesting
(Table 5)., The first two days following spray applieation, the loo-
.pers fed freely on the cotton leaves and showed no external symptoms
of the disease, Three days after inoculation, one 4th instar looper
was sluggish and somewhat inactive but some feeding continued. The
following day this larva crawled on top of a eotton leaf and died,
Hot weather was present at this time and death usually occurred very
quickly after disease symptoms first appeared., Two of the 4th instar
and all of the mature larvae pupated.. This experiment revealed that

the 3rd instar larva probably was most susceptible to the disease,
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Table .5 = Effect of artificial dissemination of péi&héd;él virus on the cabb;gé ioqper; Pecos, Texas, 1955.

Number_of Eoopers Surviving at Given Dates on Plants Inoculated with Polyhedral

Date Inspected v
st Inster 2nd Instar 3rd Tnstar Lth Instar °  5&6 Instars
August 3 L N | L L | L
n ) b by L L b
" 5 L I L 3 3 (1)2
n 6 I N 0 2 (L)
no7 L 0 0 2 (L)
w8 L 0 0 2 (L)
noo9 1 0 | 0 (2) )

"0 0 0 o (2) ()

lplants inoculated and infested August 2, 1955.

2parenthesis indicates successful pupation,
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The Tst and 2nd instar stages contracted this disease, but had de-
veloped and actually were in the 3rd instar stage when the symptoms
showed up. A4ll the looper larvae under observation either showed
Polyhedral disease symptoms and died or pupated on the cotton plants,
No larvae which were inoculated in the first, second or third instar

stages suceessfully reached the pupal stage.

Insectieide Tests

In early August, 1955, as the looper damage began to show up,
several treatments of endrin and other chemicals had to be used as
a substitute. Very poor looper control was obtained and the damage
kept increasihg° With this problem in minay an experiment was con=
dueted to determine the most effective cabbage looper eontrol..

On August 15, 1955, seven experimental field plots were set up
north of Pecos, Texas, The plots were located side by side on the
same farm. FEach plot was 12 rows wide and 109 feet long (0.1 acre).
Infestation eounts were taken one day before and three days after
treatment., One hundred plants were thoroughly e’xa.r'uj'.neid':“Ln'“f:i’.ve-\di’:f"-=
ferent plaees in each plot. The cotton plants in all the plots were
practically the same size and the cultural practices used were equal
in all plots..

The spray mixtures were applied with a 3-gallon compressed air
hand sprayer. The emulsifiable concentrates plus one gallon of water
were applied to eash spray plot. Different dosages of coneentration
were obtained by varying the amount of emulsifiable concentrate,
Dust mixtures were applied with a rotary hand duster at the rate of

10 pounds per acre.
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The over-all results of the cabbage looper experiment, in 1955,
were very disappointing. The loopers were about half grown when the
insecticides were applied and in most cases a very poor kill was ob-
tained. The kill ranged from 19 to 82 percent (Table 6). A dust
mixture containing 0.1 pound of rotenone per acre gave the poorest
kill when checked three days after treatment. A spray mixture con-
taining 0.25 pound methyl parathion plus 0.4 pound endrin per acre
gave the best results of any insecticide used, namely 82 percent
kill. Although the percent larval reduction was relatively low for
some of the treatments, the amount of damage in all treated plots
was greatly reduced when compafed with the cheek plots. However,
effeetive econtrol eould not be obtained with any of the insecticeides
except endrin. The results of this experiment could not be deter-
mined beeause the looper disease killed several of the loopers a few
days after treatment.

The cabbage looper is believed to be resistant to several chlo-
rinated hydrocarbons beecause of the poor control obtained in 1955.
Under ordinary field eonditions in 1956, all chemicals used gave
very poor results, The insecticides were applied to the same experi-
mental plots on July 21, 1956.. A spray mixture containing DDT and
endrin was added to the 1956 experiment, beeause it was used widely
to sontrol the bollworm along with the cabbage looper. The chemicals
were applied in the same manner as in the 1955 experiment,

Results from the plot experiments in 1956 were very much like
those found in the econtracted field treatments., All chemiecals were

less effeetive than in 1955, The controls in the plots ranged from



Table 6 - Comparative toxicity test of different insecticides to the cabbage looper, Pecos, Texas, 1955,

Number Living Number Eiving

v : Rate Loopers One Day Loopers Three -~ Percent
Toxicant used . per acre Before Treatment Days After Treatment Control
Calcium arsenate 6,0 1bs* 21 ' 10 52
Rotenone 0.1 1b.* 16 13 19
Nicotine sulphate 1 pint 20 13 35

(Loz) | -

3=10=40 mixture 10,0 1bs, R -8 ~ L3
Methyl parathion 0425 1b.* _ : .
plus endrin, 0.L40 1b,* 29 5 82
Endrin spray 0,40 1b,* 26 5 80

Check - 21 . 37 -

*Bates are actusl material,
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26 to 55 percent (Table 7). Best results were obtained from sprays
eontaining 0.4 pound endrin plus 1.0 pound DDT per acre. The lowest
kills were obtained from 0.1 pound of rotenone per acre..

It can be noted in Table 7 that there was a large inerease in
the check population during the three days after treatment. Acecord-
ingly the actual percent kill in treated plots was higher than is
shown, However, this latter fact is but of academie interest sinece
the level of control based on the remaining infestation is the true
index to éontinuing plant damage., More effective looper control meth-

ods are greatly needed in the Pecos$ area,



Table 7 = Comparative:toxicity'test”of different insecticides on the cabbage looper, Pecos, Texas, 1956,

Number Living

Number Living

Rate : Loopers One Day Loopers Three Percent
Toxicant used per acre Before Treatment Days After Treatment - Control
Calcium arsenate 6.0 1bse* 152 ol 38
Rotenone 0.1 1b.* 89 69 26
Nicotine sulphate 1 pint 110 76 31

(Lo%)

3-10-40 mixture 10.0 1bs., 170 102 Lo
Methyl parathion 0425 1b,f
plus endrin. 0,40 1b,* 16l 79 52
Endrin spray 0.L0 1b,* 110 58 L7
Endrin and 0ol0 1b,* - 1L6 66 55
DDT spray. 1.00 1b,*
Check - 167 -

219

*Actual toxicant,



SUMMARY AND CONCLUSIONS

During the summers of 1955 and 1956 the writer operated the
Stanford Entomology Service located at Pecos, Texas. This service
consisted of three times:a week' inspection of the. customers® cotton
fields for a i3-weeks period for which each farmer paid $1.30 per acre.
The total acreage under contract was 2,550 in 1955 and 4,400 in 1956,
Infestation counts were made for the following injﬁfious speciessy
- the eotton bollworm,vcabbage looper, cotton fleahopper, lyzus bugs,
thrips, stink bugs, leafworms, aphids; and spider mites., These counts
were interpreted for each individual field and the owner advised on
the insect infestation in his field. If control was needed, recom--
mendations were given,

The cotton bollworm and ecabbage looper were found to be the
most injurious speeies on eotton during both years, The bollworm
appeafed early in June and was a continuous pest throughout the sea-
son., Bollworms were more abundant during the latter part of July on
rapidly growing eotton. Bollworm moths were found to be very num=
erous in those parts of the field which had been recently irrigated
and were more active during the early morning and late evening hours.
The eggs usually hatehed in three days after oviposition. Predators,
notably, lady beetle larvae and flower bugs, were found to be very

beneficial in the destruction of both bollworm and looper eggs.
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Great numbers of looper moths appeared in the cotton fields of
the Pecos Valley in 1955 and 1956,. Serious damage from larval feed-
ing oceurred in the first year and incredsed markedly in 1956. Dur-
ing both years, most looper damage occurred in spots around the edges
of the different fields., No major correlation between the looper egg
population and irrigation dates could be establishéd because eggs oc<
eurred in large numbers both on dry and freshly irrigated cotton.

The cotton fleahopper and lygus bugs were very numerous in 1955
but were never a serious pest of cotton the following year. Lygus
bugs were found to migrate from adjacent alfalfa fields after each
eutting of hay.. They were most active during the cooler part of the
day and grouped themselves on the underside of the leaves when tem-
peratures were high,

Thrips were numerous on cotton in 1956 but they caused very lit-
tle noticeable damage to the cotton plants in the Pescos drea, This
was probably due to the fast plant growth seen after and during each
irrigationu

Recommendations as to the kind and amount of toxicant, the type
of formulation, the method of application and the timing of treat-—
ments were based on the injurious and beneficial inseets present,
weather conditions and the stage of erop development. The most ef-
fective early season chemical control of lygus bugs, fleahoppers and
thrips was one pint of dieldrin emulsifiable concentrate containing
0,187 pound of aetual dieldrin per aere. Information on the cons
tFol of insects with insecticides was obtained from studies made in

61 fields.totaling 6,950. acres that reeeived commereial -treatments -
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applied by airplane and ground equipment. Chemical control was also
studied in two small plot experiments..

For mid and late season control of all inseets execept the eab-
bage looper, the most effective treatments were spray mixtures of
parathion=DDT or BHC-DDT and dust mixtures of BHC-DDT-sulphur at dif.-
ferent rates per acre,. DDT gave the only satisfactory eontrol of
bollworms and parathion and methyl parathion were the most effective
on aphids. Endrin was moderately effeetive against the looper but
all other toxiecants were relatively ineffeective,

A1l insecticides used on the contraeted acres reduced the bene-
fieial inseet populations somewhat. However, dieldrin depressed the
lady beetle population less than any other chemical mixture except
when it was applied at 0.2 pound or more per acre. In almost every
case a build-up of thrips and aphids egcurred following an endrin-—
DDT application. It was indicated that repeated treatments applied
to fields containing bollworms in early Season caused the bollworm
problem to become more diffieult than in similar untreated fields.
These aevelopments were thought to be due, at least in part; to the
reduction of the predator population.

Dusts were more effective than sprays in the presence of mois-
ture on the plant surfaces and in the absence of wind, partieularly
in treating rank growing cotton. Dusts were less effective than
sprays when applied under dry conditions in the presence of moderate
to strong wind velocities..

Ground applicators particularly dusters were more satisfactory

than airplanes in early season where conditions permitted their op=—
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eration. Airplane application was the only feasible method when
plant growth was rank and the ground was soft from irrigation water.

This study showed that each year the insect infestations varied
in thé Pecos area, and the total number of insecticide applications
could not be determined in advance.. Uéually 5 to 7 chemical appli=-
cations were necessary during the period of June to September of
each year. Occassionally, fewer applications were needed, but in
some cases several more were needed. Repeat applications were nec—
essary and were recommended if the poison was washed off‘iggfglants
within 20 to 24 hours after application, However, in some éaégs a
light shower was found to "reactivate™ DDT mixtures after thef had
been on the plants for 5 to 6 days. At least there was a sudden and
otherwise unexplainable decrease in number of stages present and a
reduction of infestation. This reduction did not occur in untreated
fields,

A polyhedral looper disease was found during both years. The
disease was sporadic in nature and when weather conditions were fa-
vorable it completely eliminated the cabbage looper larvae from the
fields., In 1956 this disease was less effective than in 1955, proba-
bly because of the low humidity and rainfall conditions. Loopers
were inoculated with the virus by feeding on plants sprayed with a
suspension of ground up disease larvae in water., All the young lar-
vae and a few of the older ones were killed by the disease. Older
larvae contracted the diseaée quicker, but in some cases pupation
occurred before the disease symptoms appeared. The dissemination

of this disease might possibly be the answer to an economical control
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of the cabbage looper in the Pecos Valley., However, much more work
concerning the polyhedral disease>is needed before any definite con-
clusion can be made,

The writer suggests that these up-to-date reports of insect
agundance and timed control recommendations are the partial answer

to & successful overall insect control program in the Pecos Valley..
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