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CHAPTER I 

INTRODUCTION 

Early season chemical treatments for thrips and fleahoppers, or 

season long scheduled spraying for the boll weevil have resulted in 

the cotton bollworrn, Heliotl;lis ~ (Boddie), and the tobacco budworrn, 

Heliothis virescens (Fabricius), becoming major problems in the 

production of cotton in Oklahoma. 

Several investigators, including Ewing and Ivy (1943), Ridgway 

et al. (1967), Lingren et al. (1968), and Dinkins et al. (1971), have 

reported that these early season treatments reduce the number of 

predators ancl parasites which attack the Heliothis complex. Also, an 

increase in insecticide resistance of the Heliothis complex in the 

cotton ecosystem has been reported by Lincoln et al. (1967), Graves 

et al. (1963), ~nd Harris (1970), in response to the large amount of 

chemicals used in cotton insect control. 

The magnitude of the problem of cotton insect control becomes 

very clear when it is noted that almost one·half of all insecticides 

used in control of agriculture pests is used on cotton (Agr. Econ. 

Rep. No. 179). This great volume of insecticides has resulted in 

pollution of the environment and increased costs to the producer. 

The above factors have led to research for new methods of control. 

Introducing or increasing natural populations of beneficial insects 

within or adjacent to the cotton ecosystem is one alternative to 
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chemical control. 

Robinson (1971) determined in strip-cropping studies that grain 

sorghum exhibited the greatest potential for furnishing a suitable 

habitat for the buildup of predators and parasites of the Heliothis 

complex. Robinson suggested that in more extensive studies, samples 

should be taken at various distances from the alternate crops to see 

if the nu:mbers of insects increase or decrease on cotton rows as one 

moved away from the alternate crops. 

DeLoach and Peters (1972), from their strip-planting studies, 

found obvious trends toward greater control in the more diversified 

habitat. They also determined that strip-planting caused a 35.4% 

reduction in the nu:mber of marked cabbage looper eggs surviving 

72 hours. 

The primary objectives of this study were to interplant corn 

and or sorghum with cotton and determine if there were any differences 

in predator numbers and or damage. The first growing season (1971) 

was devoted to determining if any linear differences in predator 

numbers and or damage existed. During the second growing season 

(1972) an effort was made to determine the best interplanting array 

based on predator nu:mbers and or damage. 
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CHAPTER II 

PREDATOR AND DESTRUCTIVE INSECTS IN COTTON 

Whitcomb and Bell (1964) reported about 600 species of arthropods 

associated with cotton in Arkansas. van den Bosch and Hagen (1966) 

estimated 300 arthropod species may be found in California cotton 

fields. The Heliothis complex is partially or completely controlled 

by one or more predators or parasites at any one time. These bene­

ficial insects help regulate the Heliothis complex. 

Predators--Common predators and their benefits have been re­

ported by several investigators, including Whitcomb (1967 a, b), 

Ridgway and Jones (1969), Lingren et al. (1968), and van den Bosch 

et ala (1969). Only five insect species plus spiders were recorded 

in sufficient numbers to be analyzed individually in this study. 

These five insects were lady beetles, primarily Hippodamia spp.; 

green lacewing adults, Chrysopa spp.; nabids, Nabis spp.; soft-winged 

flower beetles, Collops spp.; and hooded beetles (Notoxus monodon 

(Fabricius)). Nabids occurred in sufficient numbers to be analyzed 

only during the first summer. Collops beetles occured in sufficient 

numbers to be analyzed only during the second summer. 

Destructive Insects--Thrips, primarily Frankliniella spp., are 

generally present each year on seedling cotton in Oklahoma. They 

injure the young seedlings by abrading foliage surfaces and sucking 

juices~ thus causing malformed plants. On most occasions in Oklahoma, 
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thrips control is not recommended. It has been found that the cotton 

plant will generally outgrow thrips damage (Young and Price, 1970). 

No data was taken on thrips populations. 

The cotton fleahopper, Psallus seriatus (Reuter), and the black 

fleahopper complex, Spano&onicus albofasciatus (Reuter) and Rhinacloa 

forticornis (Reuter), occur in Oklahoma. Fleahoppers are considered 

to cause more economic damage than thrips in southwestern Oklahoma. 

This idea is based on the loss of early boll set due to loss of young 

squares and in some cases branches, as a result of fleahopper damage 

(Robinson, 1971). The growth stage of the cotton should be noted 

before control measures are applied for fleahoppers. It generally 

does not pay to control fleahoppers. Sometimes these early appli­

cations of insecticides on cotton initiate an early increase in the 

Heliothis population, due to killing of the predators and parasites. 

The cotton bollworm, Heliothis ~ (Boddie), and the tobacco 

budworm, Heliothis virescens (Fabricius), are responsible for a 

considerable amount of damage to cotton during most years in Oklahoma. 

These two species comprise a complex in which the bollworm is the 

dominant species early in the season; but path may be found together 

later in the season, with the budworm sometimes being the dominant 

species. Outbreaks of damage due to these two insects are generally 

not statewide, but are restricted to localized areas. A large amount 

of spraying for the Heliothis,complex has resulted in resistance to 

the insecticides. Subsequently, this buildup in resistance and the 

killing of predators and parasites, sometimes results in a resurgence 

of the Heliothis complex after treatment. 

The boll weevil, Anthonomus grandis (Boheman), feeds and over 
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winters in Oklahoma. Severe damage in western Oklahoma may usually 

be circumvented by planting as early as is feasible. In some years 

when the population reaches levels that can cause economic damage, 

chemical control has often bee~ utilized. 
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CHAPTER III 

LINEAR EF~ECTS IN PREDATOR POPULATIONS, INSECT 

DAMAGE, AND YIELD, ASSOCIATED WITH COTTON 

INTERPIANTED WITH CORN AND SORGHUM 

Robinson (1971) conducted strip cropping tests at the Irrigation 

Research Station at Altus, Oklahoma. He stripped cotton with corn, 

sorghum, soybeans, peanuts, alfalfa, and no crop. Each plot consisted 

of 8 rows of cotton with 4 rows of one of the crops on each side. He 

determined that planting cotton and other crops in close association 

had an effect on the number of predators present in the immediate 

area. He also found that the sorghum treatment had the highest level 

of predators and highest yield, even though it had next to the highest 

per cent damaged squares. Robinson attributed the large populations 

of predators in the cotton next to the sorghum to the great number 

of aphids in the sorghum. 

The purpose of this study was to determine the effects of inter­

planting cotton with corn and sorghum on predator populations, insect 

damage, and yield. The data were taken to emphasize linear effects 

as one moved away from the corn or sorghum. 

Materiats and Methods 

During the 1971 cotton growing season a test was conducted on 

20 a.c:res of leased land, southwept of Tipton, Oklahoma. The test was 
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planted in a randomized block design (Fig. 1). There were 3 blocks~ 

each with 2 treatments, and each treatment was replicated twice in 

each block. Each treatment was divided into 2 plots based on whether 

it was north or south of the grain crops. Each treatment consisted 

of 12 rows of either corn or sorghum with 26 contiguous rows of 

Westburn 70 cotton, 260 feet long, on both sides. This resulted in 

52 rows of cotton between the grain crQps in different blocks. The 

rows were planted in 40 inch spacings. No fallowed rows or alleys 

were left unplanted. 

The corn and sorghum were planted June 3, 1971, and the cotton 

was planted June 19, 1971. The test area was irrigated three times 

during the growing season. 

All data on predator numbers and damaged squares were taken on 

rows 1, 5, 9, 13, 17, and 21, as one moved away from the corn or 

sorghum. Data were taken only on the west half of each plot. 

Predator ntnnbers were determined by counts made on vacuum samples 

taken from 130 feet of each sampled row. The vacuum samples were 

taken on three dates: July 28, August 2, and August 23, 1971. The 

vacmnn samples were taken with a modified D-VAC vac_uum sweeper 

(Fig. 2). 

The modifications on the D·VAC consisted of replacing the 2 

cycle gasoline engine with a 3/4 horsepower (1725 RPM) electric motor 

powered by a portable generator. The power of the electric motor was 

transmitted to the shaft of the suction fan by means of a V=belt. 

This un,it was then mounted on a pla.tfonn on the back of a International 

cub" tractor. 

In the sununer of 1970 a D=VAC vaccum sweeper was used to sample 
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cotton and sorghu~ on the Cotton Research Station, Chickasha, Oklahoma.. 

The vacuum sweeper was ran continuously for four hour periods. During 

this time it was necessary to clean the spark plug at least once to 

maintain maximum RPM of the suction fan. Therefore, the aforementioned 

modifications of the D-VAC vacuum sweeper were made so the suction fan 

would operate at a maximum and constant rate without periodic main­

tenance. 

The tractor was driven down the two rows adjacent to the row to be 

sampled at approximate1y 3.5 MPH. The vacuum sweeper was aimed to suck 

the predators from the terminal portion of the cotton plants. The 

opening at the point of collection was 6.5 inches. The collecting 

net was removed from the vacuum sweeper in a way to prevent the pred­

ators from escaping. The net was then stuffed into a quart ice cream 

carton. The predators were killed by squirting a small amount of 

ethyl acetate into the carton. The samples were then taken to the 

laboratory where the insects and spiders were counted and recorded. 

Heliothis damage was determined by collecting squares five times, 

from August 7 through September 10, at approximately weekly intervals. 

Fifty squares were collected from 130 feet of each sampled row in each 

plot on the five sampling dates. From this data~ per cent Heliothis 

damaged squares was determined for each sampled row in each plot. 

The cotton was machine harvested and yield taken on two rows 260 

feet long. Therefore, the sampling units for yield were rows 1 and 2, 

5 and 61 9 and 10, 13 and 14, 17 and 18, and 21 and 22, in each plot. 

Analysis of variances tab1es containing mean squares and signif­

icance levels ar~ in the appendix. Analysis of variances were per­

formed on the data by the Statistics Department of Oklahoma State 



1 University utilizing the Statistical Analysis System. 

Results and Discussion 

Preclators--In analyzing the total number of predators,,, signifi~, 

cant differences at the 5% level were,found due·to rows,.dates, and 

9 

row by date interaction (Table I). A marked reduction in total numbers 

occurred on August 23 on all rows except the·first row next to the 

grain crops (Fig. 3 and Table II). This reduction in numbers is prob-

ably due to the cotton plants maturing and the increase in temperature 

during this period of the gl;'owing season. Another important contrib-

uting factor to this reduction was the sharp decline in the hooded 

beetle population from August 2 to August 23 (Fig. 7). No linear 

effects could be determined in conjunction with the total predator 

population. 

Only four insects plus spiders occurred in sufficient numbers to 

be analyzed individually. These four were lady beetles, lacewing 

adults, nabids, and hooded beetles. The spiders and the insects, except 

the hooded beetles, tended to follow the expected pattern of being 

more numerous on the first row of cotton next to the grain crops. As 

one moved away from the grain crops their numbers decreased and ten-

ded to level off, with a few exceptions. 

No·significant .difference in lady beetle and lacewing adult 

populations was found due to the g:r;ain crops. The analysis of 

variances for lady beetles and lacewing adults are given in Tables 

1The system was designed and implemented by Anthony James 
Barr and James Howard Goodnight, Department of Statistics, North 
Carolina State University,. Raleigh, North Carolina. 



III and IV, respectively. 

Significa~t differences in lady beetle populations at the 1% 

level.were found due to direction and row from the grain crops. A 

significant difference at the 5% level was found due to date, with 

several interactions being significant at either the 1% or 5% level. 

No difference,was found in lacewing adult populations due to 

direction.from the grain·crops. Significant differences at the 1% 

. level were found in the lacewing adult popuiations due to row, date, 

and the row by date interaction. 

The lady beetle and lacewing adult populations found on row 1 

10 

on August 23 increased appro~imately four-fold over the number found 

on row 1 on August 2 (Figs. 4 and 5). This increase can be attributed 

to a buildup. of aphicls and greenbugs in· the· sorghum in· early August 

(Table V). The number of lady beetles declined as one moved away 

from the grain·arop, but were still more numerous than the numbers 

fpund on August 2, up through row 13. Beyond row 13 fewer were 

found on August 23 than August 2. The numbers of lacewing adults 

found on August ·23 decl:i,.n.ed from the first row, but were still greater 

on corresponding rows than the numbers found on the previous two 

sampling dates. 

There was a difference at the 1% level of significance between 

direction from the grain crops, With more lady beetles found on the 

south·. side than· the north· side ('.I:able v:o. 

The levels of the nabid populations:were unstable as you moved 

away from the grain·crops on all three·sampling:dates (Fig. 6). The 

nabid populations exh:i..bit:ed a uniform pattern,.decreasing steadily 

as the·season progressed. These.differences were-significant at the 
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1% level (Table VII). 

Hooded beetles were more numerous on the first sampling date than 

any other species recordeq, averaging 6.9 per sampling unit. The 

hooded beetles were ·less numerous·on the first row of cotton than·on 

the other rows sampled on the first two ·sampling.dates, with one 

exception" (rig. 7). Significant differences at the 1% level were 

found due to row, date, and row by date interaction (Table VIII). 

The.trend of the spider populations over the three sampling 

.dates was similiar to that exhibited by thEI hooded beetles, resulting 

in a significant (1% level)decrease on the third sampling.date 

(Fig. 8). Significant differences at the 1% level were found due to 

row and date. Differences at the 5% level of significance w,e;re found 

due to direction by row by date interaction (Table IX). 

All of the predators, except nabids, exhibited significant 

differences due to row. Even though some decline or increase in 

numbers was recorded as one moved away from the grain crops, no 

linear relationship·could be determined, inclusive of the three 

sampling.dates. Snedecor and Cochran (1968) discuss the situation 

where ma.in effects cause a decrease in some cases and an increase 

in others. They state tb,at "This presumably accounts for the large 11 

interaction ''mean squares and warns that no useful overall statements 

can be made from the main effec~s". 

I feel that Snedecor's and Cochran's statement is not fully 

applicable to the biological situation in this study. I believe 

the differences due· to elates and rows are valid differences, even 

when they are associated with intetactions. Robinson (1971), 

Burleigh (1973), .and Pickle '(1973),. substantiate this belief. 



On the third sampling .date lacewing a.dult populations· exhibited 

a row effect with no corresponding interaction. This difference 

was an average decrease of 0.73 lacewing adults per sampling unit 

12 

as one moved away from the grain crops; but only 40%.of this decrease 

could be attributed to linear effects. 

On the t~ird sampling.date lady beetle populations, likewise, 

exhibited a row effect, but with interaction·present. This difference 

was an average decrease of 1.23 lady beetles per sampling unit as one 

moved away from the grain crops. Of this decrease, 55% could be 

attributed to linear effects. 

Fleahoppers- .. Significant differences at the 1% level were fouad 

due to J:'OW and date (Table X). No linear effects could be determined. 

A large increase·was observed in the·fleahopper population as the 

season progressed (Table XI). No data was taken on fleahopper 

damage because of the difficulty in·differentiating between·damage 

due to fleahoppers, other phytophagous insects, and or square 

shfth.1.ing due to physiological causes. 

Damage--There was no significant differences in per cent square 

damage between cotton grown ne~t to corn and that grown next to 

sorghum; although, the cotton next to the corn had slightly more 

damaged squares. There·was a significant difference at the 1% level 

among .dates with the greatest mean ·.da.mage occuring the last week in 

August (Table XII). The average per cent of damaged squares during 

this period was 4.6% (Table XIII). Two peaks in bollworm damage 

normally occur each cotton ·grow;i.ng. seasi:m in· southwestern Oklahoma; 

the first in the·latter part of July and the second the latter part 

of August (Jimenez 1971, Robinson 1971, and Pickle 1973) o According 
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to Nemec (1971) these peaks occur in direct response to the dark phase. 

of the moon. Only the peak i.n late August was noted in this study due 

to the late planting of the cotton. 

A significant difference in per cent square damage, at the 1% 

level, was found between the directions from the grain crops (Table 

XIV). The north side consistantly had a higher per cent of damaged 

squares than did the south side. 

Differences in per cent square damage among the rows sampled 

were significant at the 1% level. Row 1 had the greatest per cent 

square damage with 4.5% and rows 17 and 21 had the lowest with 3.1% 

and 3o2%, respectively (Table XIII). The only significant differences 

(1% level) found between·rows was that of row 1 being.different from 

all of the other rows. The average decrease in per cent damaged 

squares per sampling unit as one moved away from the grain crops 

was 0.44%. Of this decrease, 89% was found to be due to linear 

effectso The major component of the linear effect~ as seen in Table 

XV, is the data taken from the north side of the grain crops. This 

fact lends some credence to the theory that the bollworm adult seeks 

shelter from the wind when selecting oviposition siteso The study 

area was subjected to strong southerly winds, intermittently, 

throughout the growing season. 

Yield--No significant difference in yield was found due to the 

grain crops. The yields taken from the south side of the grain crops 

produced a.n average of 5.3 pounds more stripper cotton per sampling 

unit than the average of the yields from the north side of the grain 

crops (Tdble XVI). This difference was not significant. There was 

a significant difference at the 5% level among the rows (Table XVII). 



The yield decreased as one moved away from the grain crops and 78% 

of this decrease could be attributed to linear effects. The drop 

in yield amounted to 2.27 pounds of stripper cotton per sampling 

unit (two rows 260 feet long) as one moved away from the grain crops. 

As may be seen in Table XVI, the major component of the linear effect 

was the greater yield from the south side of the grain crops. 

Conclusions 

In view of the fact that the lady beetle and lacewing adult 

populations increased as a result of the aphid and greenbug pop­

ulations in the sorghum, one must conclude that sorghum is a very 

suitable crop for interplanting with cotton. Even though the corn 

and sorghum sustained a severe infestation of fall armyworms 

(Spodoptera frugiperda (J •. E. Smith)), they recovered and produced 

a crop. The sorghum produced nea:i:-ly 5000 pounds of grain per acre 

and the corn produced 30 bushels per acre. 

In most cases, the population of any of the recorded species 

was higher on row 1 than any of the other rows. In general, as the 

populations became larger, the fluctuation between rows increased. 

As the populations decreased the fluctuation between rows decreased 

and tended to level off. 
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In both cases where linear effects were determined, the pop-· 

ulations were at their highest recorded peaks. This is an indication 

of overpopulation in rows adjacent to the grain crops~ and an attempt 

on the insects part to alleviate the problem by moving from the area. 

The predator population and the per cent Heliothis damage squares 

was greatest on the first row north of the grain crops. This is more 



than likely due to the insects seeking shelter from the strong south 

winds. 
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Robinson (1971) concluded that the sorghum plants 1 stripped with 

cotton, might protect the cotton from the strong southerly winds. 

Results of this study indicate just the opposite; with greater yield 

occurring on the south side of the grain cropso I do not think this 

yield difference is totally due to the difference in square damage 

north and south of the grain crops, because after the first row 

there are no great differences between corresponding rows (Table XV). 



CHAPTER IV 

EFFECTS ON PREDATOR POPULATIONS, INSECT DAMAGE, 

FRUITING CHARACTERISTICS, AND YIELD, 

ASSOCIATED WITH DIFFERENT 

INTERPIANTING ARRAYS OF 

COTTON AND SORGHUM 

Based on the findings from the 1971 growing:season, the 1972 

growing season w11s devoted to detennining the optimum number of rows 

of cotton to plant between four rows of sorghum, based on predator 

populations, insect damage, and yield. The method of sampling was 

changed from vacuum sampling to who;te plant exa.mination. The reason 

for the sampling change was two-fold. First, I felt that the whole 

plant examination would result in a more realistic estimate of the 

total number of predators in a given area; and secondly, to make the 

results compatible·with other data taken by institutions conducting 

research under tµe Cooperative States Research Service. 

Materials and Methods 

During the ·1972 cotton growing season a test was conducted on 

20 acres of leased land, southwest of Tipton, Oklahoma. Four differ-

ent arrays of interplanting were used in the study. They were as 

follows: 

Array 1 - 4 rows of cotton alternated with 4 rows of sorghum 
Array 2 - 12 rows of cotton alternated with 4 rows of sorghum 
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Array 3 - 24 rows of cotton alternated with 4 rows of sorghum 
Array 4 - 96 rows of cotton alternated with 4 rows of sorghum 

The study area was 1020 feet long and 293 feet wide. The area 

was divided into twelve plots 85 feet long and 88 rows wide (40 inch 
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row spacing). Each array was replicated 3 times. The 12 replications 

were randomly assigned (Fig. 9). 

The cotton variety used was Tamcot 788 and the sorghum was 

Pioneer 828. Both were planted May 23, 1972 and were irrigated three 

times during the growing season. The cotton was planted at a rate of 

15 pounds/acre. A stand of approximately 28 9 488 plants per acre was 

obtained. No fallow rows or alleys were left unplanted. 

Data were collected weekly by whole plant examination. Sampling 

was begun June 26, 1972 and continued on a weekly basis through 

August 21, 1972. Forty plants were selected at random from each plot 

each sampling date. The forty random plants were determined by 

computer generation. The number of observations taken from each 

unit in each plot is given in Figure 9. 

Predator data were collected on the numbers of lady beetles, 

lacewing adults, Collops, hooded beetles, and spiders. 

Damage was recorded as Helfothis damaged sque.res, boll weevil 

damaged squares, and damaged bolls. 

Fruiting characteristics recorded were nmnbers of squares, 

blooms, and bolls. The first counts of blooms, bolls, boll weevil 

damaged squares, and damaged bolls were not mad~ until the fourth 

sampling date. 

The cotton was machine harvested and all rQWS in each plot were 

sunnned to one figure. From these figures~ yield per acre for each 

type of planting array was c.alcula.ted. 



The data was statistically analyzed; but due to a large coeffi­

cient of variation (C. V.) on all of the analyses of variances, no 

statements concerning significant levels of differences are included 

in the results and discussion. The large c. V.'s are due to the 

substantial number of zeroes recorded in the raw data. 

Results and Discussion 

Predators--The seasonal trend of all predators combined varied 

between 30 and 40 thousand individuals per acre the first four sam­

plings (Fig. 10). The number increased the fifth period and during 
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the sixth and seventh periods reached a peak of approximately 60 

thousand per acre. The number decreased from this peak to approximately 

44 thousand per acre in t~e last two sampling periodso 

The increase in total numbers of predators can be attributed to 

a distinct rise in the number of Colfops in late July and early 

August (Fig.· 11). This increase in the number of Collops was 

probably due to a 40 acre field of alfalfa, adjacent to and west 

of the study area, being cut during the last week in July. One other 

contributing factor to the increase in total predator numbers was that 

the peak in the spider population occurred during this same interval 

of the growing season (Fig. 11). 

Figure 11 depicts the individual average numbers per acre of 

lady beetles, Collo:ps, am.d spiders for each sampling perfodo The 

nmnber of lady beetles remained relatively constant during the sampling 

perio<dl.s; vaxying between 7 and 12 thousand per acre. There was not 

much difference in the average mnnbers per acre of lady beetles 

prlf:!sent in· three of the four arrays; but array-type 1124 11 .was clearly 



not as suitable a habitat as the other three arrays (Table XVIII). 

The numbers of spiders steadily increased up through sampling 

period 7 and then leveled off. The numbers of spiders during this 

time increased from 13 thousand per acre to 23 thousand per acre. 

The average numbers per acre of spiders in each array are given in 

Table XIX. Array-type "12" had the highest average number per acre; 

but there were no overwhelming differences between it and array­

types "4" and "24''. 

The number of Collops was lowest on sampling period 2; and from 

this point began a gradual increase. The population reached a peak 

of approximately 21 thousand per acre on sampling period 6. The 

sharp increase, of approximately 10 thousand per acre, from the fifth 

to,sixth sampling period was due to an influx of Collops from an 

adjacent alfalfa field which was cut during the week of July 24. The 

population declined very sharply two weeks after reaching its peak. 

This decline was possibly due to the Collops returning to the new 

growth on the alfa.lfa f~eld. The average numbers per acre of 

Collops are given in Table xx. Array-type n24ir was the only array 

which was clearly different from the other three arrays. The sharp 

decline in array-type "24" was probably due to the fact that none 

of the type "24" replications occurred on the west half of the 

study area; this being the area the Collops came to after leaving 

the cut alfalfa. 

Figure 12 depicts the individual average numbers per acre of 

lacewing .adults and hooded beetles for each sampling period. The 

number of hooded beetles was highest the first sampling period 
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with approximately 14 thousand per acre present. The number decreased 
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from this high during the remaining eight sampling periods. The 

numbers varied from period to period with no set pattern. The average 

numbers per acre of hooded beetles in each array-type are shown in 

Table XXI. The largest number of hooded beetles occurred in array­

type 1196 11 , averaging about 8 thousand per acre each period. Array­

type "12" was only slightly less. 

The numbers of lacewing adults remained low during the first 

five sampling periods; never exceeding 1 thousand per acre. The 

number of lacewing adults increased greatly from period 5, to a peak 

of 7 thousand per acre on period 8. A decrease to 2 thousand per 

acre was noted on period 9. The average numbers per acre of lacewing 

adults in each array-type are given in Table XXII. The adult lacewing 

population was the lowest of all the populations observed, never 

exceeding 2.6 thousand per acre, averaged over the nine sampling 

periods. This 2.6 thousand per acre average occurred in array-type 

"12 11 • In looking at the four array-type averages, it seems that there 

is a definite preference by the lacewing adults for a habitat which 

includes sorghum, 

The average numbers per acre of predators in each array-type are 

given in Figure 13. No great differences occurred among the different 

array-types. Array-type "96 11 exhibited the greatest number of predators 

on sampling period 6. This peak can be attributed to the aforementioned 

increase in the ColloRs population, because two replicates of the array­

type 1196 11 occurred neal:' the west end of the study area (Fig. 9). 

Damage--The n~bers per acre of. Heliothis damaged squares, boll. 

weevil damaged squares, and damaged bolls are given in Figure 14. 

The Heliothis damaged. squares reached a :maximum of approximately 3.6 
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thousand per acre the fourth sampling period. This was one week prior 

to the peak squa~e production (Fig. 15). The numbers of Heliothis 

damaged squares declined fr~ this high the remainder of the season, 

except for one small increase on·sampling period 7. 

The numbers of boll weevil damaged squares was less than 5 

hundred per acre on the fourth sampling period; but increased sharply 

from this low to reach a high of 5.4 thousand per acre on period 9. 

From further observations made after sampling ended, the numbers of 

boll weevil damaged squares continued to increase for several weeks. 

The numbers of damaged bolls per acre increased greatly from 

period 4 to period 5. The numbers then tended to stabilize, varying 

around 2 thousand per acre for the remainder of the sampling periods. 

Table XXIII gives the per cent Heliothis and boll weevil damaged 

squares on each sampling date. Heliothis damaged squares reached a 

high of 1.65% on period 4. The per cent boll weevil damaged squares 

increased each sampling period and reached a high of 6.07% on period 9. 

Array-types 1112 11 and "96 11 averaged 1.24 thousand Heliothis 

damaged squares per acre each sampling period. This number was 

clearly less than the numbers found on the other two array-types 

(Table XXIV). 

The average numbers of boll weevil damaged squares per acre for 

each array-type are given ~n Table XX:V. An average of 2.88 thousand 

boll weevil damaged squares per acre were found on each sampling 

1oeriod in array-type "12". Thif::l was the largest average number of 

any of the array-types. 

There seemed to be a pattern in the average numbers of damaged 

bolls per acre (Table XXVI). As the ratio of cotton to sorghum 
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decreased there was a corresponding increase in damaged bolls. Array­

type "96" had an average of 0.71 thousand damaged bolls per acre on 

· each sampling period. Array-type 114 11 was highest with an average of 

2 .3 7 thousand damaged bolls per acre on ·.each sampling period. 

Plant Fruiting--The fruiting characteristics are presented in 

Figure 15. The fruiting cycle of the Tamcot 788 cotton, planted on 

May 23, 1972, reached peak squaring about July 24, 1972, with 

approximately 241 thousand squares per acre. The bloom counts were 

never indicative of the total boll-set. The number of blooms recorded 

never exceeded 20 thousand per acre during the sampling periodso 

Counts of bolls increased from a low of 11 thousand per acre on period 

4 to a high of 216 thousand per acre on period 9. Boll counts more 

than likely continued to increase after August 21, 1972, which was 

the last sampling period. A corresponding increase in the number of 

bolls lagged three weeks behind the increase in number of squares. 

The average numbers per acre of squares and bolls by array~type 

and period are given in Table XXVII and Table XXVIII, respectively. 

Array-type 1112n produced the·greatest number of squares and bolls. 

Array-type 114 11 produced considerably more squares in the· early part 

of the season and less in the latter part than did the other array­

types. This was due to the cotton in array~type H4 11 being. subjected 

to more stress than the other array-typeso Young cotton, when 

subjected to stress conditions, will restrict its vegetative growth 

and begin forming fruits at an earlier age than is normalo Further 

discussion concerning this stress will be associated with the dis­

cussion on y:i.eld. 

Yield--Array-type 1112 11 was the highest yielding array--type, 



producing 2619 pounds of stripper cotton per acre. This was approxi­

mately 500 pounds greatet' than the yield from a:r:ray-t:ype 1124", .which 

·· was the second highest prod\laing array-type (Tap le XXDC). I believe 

this difference was mainly due to the location of the array-type 1112" 

plots (Fig. 9). Two of the th:r:ee·plots (array-type "12") were on the 

east end of the etudy area, which was adjacent; to the·source of water 

for irrigation. The third plot was on the·west end of the·study area 

where the irriga.t;Lon.·tail .. water accumulated. Pue to the low volume 

of the irrigation·well it wae necessary to ·run water down the rows 

an excessive amount of ti.me, which resulted in plots 1, 2, and.12 

receiving a better soaking than the other plots. 
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Array-type '14" produced the· smallest amount· of cotton!' In 

looking.at the nu.mber of bolls (Table XXVIII), one would have thought 

that a:i:-ray•type "4" wou;Ld have been the ·second highest yielding array .. 

type. I believe this inconsistancy·was due to the aforC;!lll.entioned 

stress condit;Lons prevalent in the array-type ''4" plots. All of the 

array-type "4" plots exhibited the condition of "wilting :down" during 

the day,.while·the other array-t)71:'es showe4 no signs of stress. This 

coµdition·was mote than likely due to heat·reflected by the·sorghum 

or trapped between the· sorghum, ,which was taller than the cotton. 

The·sorghum ma.y also have been sapping the moisture from the root 

area of the adjacent aotton·rows. 

Conclusions 

In trying to dete~ine the best inte:i:-planting:array, it was 

found that a. decision could not be made·on the basis of predator 

numbers,. damage, or yield, alcme; but must be based on all three 
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areas of the study. 

Not one of tQe interplanting arrays e~hibited a superior 

attractiveness to all of the predator species on a given 1;1ampling 

period. Some predato:i;- species found one array to be a more suitable 

habitat, while other species preferred another. In looking at the 

total numbers of predators in each array-type over all sampling 

periods 1 array-type 1112" was found to contain slightly more predators 

than the other array-types. 

Array-types "12" and 1196 11 sustained the lowest numbers of 

Heliothis damaged squares. This could be due to the numbers of 

predators present, undesirable oviposition sites for the Heliothis 

adult, or ertvironmental conditions. 

The yield from array-type "12" was 495 pounds greater than the 

production from array-type "24", which was the second highest. This 

495 pounds difference is somewhat suspect in light of the watering 

situation, which developed; but I would not contribute the total 

difference to this problem~ 

Therefore, from the above mentioned facts, I conclude array-type 

"12" to be the best interplanting array and with p:i;oper management 

produce approximately 1.5 bales of lint cotton per acre in the Tipton, 

Oklahoma area. 



CHAPTER V 

SUMMARY 

In most c;:ases the population of any of the recorded predators 

was higher ·on row 1 than any of the other rows, In both cases where 

linear effects were detet'Illined, the populations were at their highest 

levels. This is an tnpication of overpopulation in rows adjacent to 

the grain crops, and an attempt on the insects part to alleviate the 

problem by moving from the area. 

Differences in both He!iothis damaged squares and yield were 

found to be rdated to iinear effects. Heliothis damaged squares 

decteased 0.44% per sampling unit and yield decreased 2.27 pounds 

per sampling unit as one moved away from the grain crops • 

. Not one of :the .interplanting arrays e~hibited a superior attract­

iveness to all of the predator species on a given sampling period. 

Some species found one array-type to be a more suitable habitat, 

while other species preferred another. The total numbers of predators 

in array-type "12", over all sampling periods,.were slightly superior 

to the other array-types, 

Array~types 1112" and 1196" sustained the· lowest numbers of 

Heliothis damaged squares. Heliothis dama.ge was at a low level in 

both 1971 and 1972. lhe high per cent damage for 1971 and 1972 was 

4.5% and 1.65%, respectively. 

Yield of stripper cotton from array .. type "12" was nearly 500 
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pounds greater than the second highest array-type. Inclusive of all 

results, it appeared ar:r1:J.y-type "12" was the best interplanting array, 

Array-type 11411 is definitely not J;"econnnended as an interplanting 

array. This reconunendation is based on the results of the study and 

also the stress conditions prevalent in this type planting array. 

Other factors being.equal, a most important aspect of inter­

planting, as a means of biological control, is the planting dates 

of the cotton and sorg];l.Ul,11 and also t;he varieties planted. The begin­

ning of the decline in the greenbug, aphid, and fall armyworm pop­

ulations should coincide with the early squaring of the cotton. Such 

a situation will result in the maximum number of predators leaving 

the sorghum and entering the cotton in search of food. 
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TABLE I 

ANAtYSIS OF VARIANCES fOR lOTAL PREDATORS COLLECTED 
FROM COTTON, TIPTON, OKLAHOMA, 1971 

30 

Source df Mean Squares 

Total (Corrected) 431 

Crop 1 332.5 

Error A 10 123 .o 

Dir.a 1 99.2 

Crop x ])ir. 1 123 .5 

Error B 10 398.5 

Row 5 139 ~ 9* 

Crop·:K Row 5 27 .4 

Dir. x Row 5 36.1 

Crop x Dir. x Row 5 35.1 

Error c 100 49.l 

Date 2 2755.l** 

Crop x Date 2 109.4 

Error D 20 399.3 

Dir. x Date 2 205.8 

Crop x Dir. x Date 2 81.2 

Error E zo 140.3 



!ABLE I (Continued) 

Source 

Row x Date 

Crop·~ Row x Date 

Dir. x Row x Pate 

Crop x Dir. x Row x D~te 

E!~ror F 

8 Direction 

*Significant at the o,o~ level. 

**Significant at the 0.01 l~vel. 

df 

10 

10 

10 

10 

200 

31 

Mean Squares 

225.9** 

71.1 

73.6 

33,5 

43.0 



Row 

l 

5 

9 

13 

17 

21 

Mean 

TABLE H 

AVERA.GE NUMBERS OF PREDATORS COLLECTED FROM 130 FEET OF 
COT'l'ON ROW BY DATE AND R.OW, TIPTON, OKLAHOMA, 19 71 

Date 
7:..2s 8:..2 8~23 

*16.8 16.2 17.7 

18.7 11. 7 9.3 

21.3 16.9 7.9 

17.5 14.8 8.1 

l7.3 17 .4 6.7 

17.2 18.3 8.3 

18. ~ 15.9 9.7 

'icEach figure is an average of 24 observations. 

32 

Mean 

16.9 

13.2 

15.3 

13 .4 

13 .8 

14.6 



TABLE III 

ANALjSIS OF VARIANCES FOR ]A.DY BEETLES COLLECTED 
FROM COTTON, TIPTON, OKJ;.AHOMA,, 1971 

33 

Source df Mean Squares 

Total (Correctec;I.) 431 

Crop 1 57.8 

Error A 10 25.3 

Dir.a 1 156 .5*"k 

Crop x Dir. 1 28.0 

ErJ;or B 10 22.3 

Row 5 37.0** 

Crop x Row 5 32 .1-ld( 

Dir.· x Row 5 16.8* 

Crop x Dir. x Row 5 7.4 

Error c 100 7.1 

Date 2 70.9* 

Crop x Date 2 105.6* 

Error D 20 20.2 

Dir. x Date 2 45.8 

Crop x Dir. x Date 2 39.3 

Error E 20 33.0 



lABLE III (Continued) 

Source 

Row x Date 

Crop x Row~ Date 

Dir. x Row x Pate 

Crop x Dir. x Row x Date 

Error F 

aDirection 

*Significant c1-t the 0.05 ~evel.. 

~(Significant at. the 0,01 lev~l. 

df 

10 

10 

10 

10 

200 

34 

Mean Squares 

35 .s·,h'( 

26. 7*•k 

4.0 

6.1 

7.4 



TABLE IV 

ANAtYSIS OF VARIANCES FOR LACEWING ADULTS COLLECTED 
FROM COTTON, TIPTON, OKLAHOMA, 1971 

35 

Source df Mean Squares 

Total (Co:t;":i;-eqted) 431 

Crop 1 1.3 

Error A 1.0 7.5 

Dir.a 1 0.5 

Crop x Dir. 1 0.2 

Error B 10 0.7 

R,ow 5 15. 9'k* 

Crop x Row 5 0.7 

Dir. x Row 5 1.0 

Crop x Dir. ·~ Row 5 1.1 

Error c 100 1. 7 

Date 2 76 .4·k* 

Crop 1x Date 2 0.6 

Error D 20 2.3 

Dir. x Date 2 8.4 

Crop x Dir. x Pate. 2 16.6 

Error E 20. 5.7 



Source 

Row x Dat:;e 

Crop ;x: Rowx Datte 

Dit •. :>¢ RQW ;x: Da t:;~ 

Crop ·X Dir.·x Row x Date 

Error F 

aDireoti.on 

TABLE IV (Cont~nued) 

df 

10 

l,O 

10 

10 

200 

**Sigµificant at the 0,01 level. 

36 

Mean Squares 

7.9** 

0.6 

4.2 

1.7 



TABLE V 

AVERAG]l) fflJf,fijERS., ©,~· PREDATORS COLLECTED FROM 
lS.0 ll'EE'.;C .OF - COTTQ~L ROW IN EACH '.l;REATMENT, 

TIPTON, 0KI4\HOMA, 1971 

Treatment 
Predato:i;s Corn 

Lady beetles *2.7 

I.iacewing adults 0.9 

Na bids 0.7 

Hqoded beetles 3.7 

Spide:,;s 4.5 

-irEac::h figure is an average of 216 
observations. -

Sorghum 

3.5 

1.0 

0.8 

4.8 

4.3 
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l'ABLE VI 

AVERAGE N{]t1BERS OF Prul1DATORS COLLECTED FROM 130 
Fij~T OF COTTON RPW NORla OR SOUTH OF THE GRA~N 

GROfS, TIPTON, OK!AHOMA, 1971 

Direction 
1;'re4,ators North South 

Lady beetle~ *3.7 2.5 

Lacewins &clults 1.0 0.9 

Na.bids o.a 0.7 

Hooded beetlee 3.4 5.1 

Spide,:,s 4.l 4 .• 7 

*Ea.eh !igure is an average of 216 
obse;1;vation13. 
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Sourc~ 

!ABLE VII 

ANALl'~'IS Ql .. ,VARlANCES .. FO,R,.,NA:BIDS~COl,.LlilCTEP FROM 
CO;rTON~ TIPTON, OKLAHOMA, 197l. 

39 

df Mean Squares 

Total. ( Cor,iiee t;ec:l) 431 

Crop l 2.2 

Ertor A 10 4.1 

Dir.a l 0.1 

Ct'Ol' i2t Di:t;'. l 0.8 

Error B 10 1.3 

Row 5 0.8 

Crop :x: Row 5 0.8 

Dir. :ic R?W 5 0.8 

Crop·~ Dir. :x: R,pw 5 1.1 

Erl;'or c 100 1.0 

Date 2 34.l** 

Crop;~ Date 2 1.0 

]l:rror D 20 2.8 

Dir. lt: Date 2 0.9 

Crap,~ Dit, ·~ Pat;:e· 2 0.1 

Et'rar E 20 0.6 



Sourc;:e 

:Row ,c l)a te 

Crop x Row~ Oate 

Pir. x Row~ Date 

Error F 

anirect:f..on. 

'l'ABL! VII (Continued) 

df 

10 

10 

10 

10 

200 

**Signift~a~t a~ the 0.01 l~v~l. 

40 

Mean Squares 

L2 

1,0 

1.2 

0.6 

0.9 



'l'.ABLE VI~I: 

ANALYijIS OF VARIANCES FOR HOODED BEETLES COLLECTED 
FROM COTTON, TI:PTON, OKLAHOMA, 1971 

41 

Souro, c;l:1; Mean Squares 

Total (Corrected) 431 

Crop 1 120.3 

Error A 10 87.3 

Dir.a 1 320.3 

Crop·~ Dir. 1 7.8 

Error B 10 131.6 

Row ,5 62.8** 

Crop ··:x; Row 5 2.6 

Dir. x Row 5 12.0 

Crop x Dir. x Row 5 8.8 

Error C 100 15.7 

Date 2 1718.9** 

Crop,x Dqte 2 57.5 

Error D 20 206.9 

Dir. x P~te 2 60.7 

Cro:p ··x Dir. x D~te 2 14.1 

Error E 20 129 .1 



42 

TABLE VIII (Continued) 

Source Mean Squarea 

Row J!; l)a te 10 52.4** 

Crop x Row x D~te 10 10.4 

Dir. x Row x Date 10 37 .3 

Crop x Dir. x Row x Da~e 10 9.9 

Error F 200 13 .4 

aDirection 
**Significant ~t t~~ 0.01 level. 



'l'ABLE IX 

ANALY$JS OF VARIANCES FOR SPJDERS COLLECTED FROM 
COTTON, lIPTON, OKI.AROMA, 1971 

43 

Source df Mean Squares 

'fatal (Corrected) 431 

Crop 1 3.0 

Er:t"or A 10 23.4 

Dir/:\ 1 24.1 

Crop x Dir. 1 48.0 

Error B 10 47.6 

Row 5 33.8** 

Crop ,c RQW 5 2.6 

D:Lr. x Row 5 3.2 

Crop·x Di:t:'. ~ Row 5 2.2 

Er;ror c. 100 7.6 

Pa~e 2 651.6** 

Crop x Date 2 14.5 

Error p 20 30.9 

Dir.·~ Dc;lte 2 3,0 

Crop·x Dir. x Date 2 6.0 

Error E 20 12.0 



TAB~E IX (Continued) 

Source 

Row x D~te 

Crop·x Row x Pat~ 

Dir.-~ Row x Pate 

Crop 0 X Dir.·x aow X Date 

Error F 

aDirection 

*Sigµiiic$nt at the 0.05 level. 

**Si$U.ific~nt a,t the O,Oi ;J.ev~l. 

df 

10 

10 

10 

10 

200 

44 

Meap. Squares 

~1.3 

12.5 

· 16. 7* 

4.1 

6.3 



TABLE X 

ANAL¥SIS OF VARIANCES FOR FLEAaOP~ERS COLLECTED 
fROM COTTON, TJPTON, OKLAHOMA, 1971 

45 

Source df Mean Squares 

Total (Corrected) 431 

Crop 1 17.5 

Er:ror A io 11. 7 

Dir. a 1 0.3 

Crop x Dir. 1 16.7 

Error B 10 22.9 

Row 5 38. l,.(* 

Crop x Row 5 6.9 

Dir, X R,QW 5 3.6 

Crop x Dir. x Row 5 1.6 

Error c 100 5.1 

Date 2 421.6** 

Crop x Pat~ 2 25.9 

Error P 20 17 .3 

Dir.~ Date 2 13 .o 

Crop x Dir. ,c, Date i 3.5 

Error E 20 4.6 



Sou:rce · 

Row x Date 

Crop~ Row~ pate 

Dir. x Row x Date 

Crop ·x Dir. x Row x Pate 

Error :l!' 

8 Di;Eu:;Ho,;i 

TABLE X (Continu~d) 

df 

10 

10 

10 

10 

200 

**Significant at the 0.01 level 

46 

Mea.q Squares 

s.1 

2.5 

2.8 

L9 

6.1 



Row 

l 

5 

9 

13 

l,7 

i1 

:Mean. 

TAnLE XI 

AVERA.GE NVMBER~ OF F~Jr4\HOFPER~ cotiECTED FR~ l30 FEET OF 
COT?O~ ROW B~ DATE AND ROW, TIPTON, OKIAHOMA, 1971 

Date 
7 .. 2a s .. 2 . 8-23 

*1.3 2,0 3 .,5 

i~z 2.2 4.9 

2.2 3,5 5.5 

i .o 2.8 5.8 

2,6 4,5 5.6 

1.~ 3,2 6.0 

1.9 3.0 5,2 

*J::ae'h figu!:'e iii! an av~tage of 24 obEJetvat;;:l,ons. 

47 

M~an 

2.3 

2.7 

3.7 

. 3.5 

4.2 

3.7 



TABL~ XU 

ANAt,YS lS OF VARJ;ANCES FOR HELIO'l'HIS DA.MAGED SQUARES 
ON COTTON, rirroN, OKLAHOM.t\, 1~71 

48 

$ouro~ df Mean Squa,res 

Total (Corrected) 719 

Crop 1 9.8 

Errol' A 10 4.8 

Dir. a 1 26.5** 

crop x Dir. 1 0.8 

Error B 10 2.1 

Row 5 7.9** 

Crop~ Row 5 1.4 

Dir, X ~QW 5 5,9** 

Crop ,:x Dir. ~ Row 5 2.7 

Error~ 100 2,1 

Date 2 52.0** 

Crop·x Date 2 3.2 

Error D 20 2.3 

Di:,;. \'It Dato 2 2.1 

Crop~ Dir.~ Pa~e 2 ]. • 7 

Error Jl; 20 2.8 



TABLE XII (Continued) 

Source 

Row x Pate 

Crop·x Row~ Pate 

Dir. x Row x Dat~ 

Crop x Di;. x Row x Date 

Erl;'or F 

aDirection 

*Significant at the 0,05 level. 

**Significant at the 0.01 l~vei, 

df 

10 

10 

10 

io 

400 

49 

Mean Squares 

5.7** 

3.8·1< 

2.6 

2.0 

2.1 



Row 

1 

5 

9 

13 

17 

21 

J:,fean 

TAl3LE X: I II 

AVERAGE rER CE~ HELIOTHIS DAMAGED SQUA~S ON COTTON 
al ROW iND PATE, TI~~ON, OK.LAHOMA, 1971 

Date 
8-7 I 8·19 8-25 a ... 31 9-10 

*2,3 3.9 7.7 5,2 3.4 

2.1 2.6 3,9 4.1 3.6 

2.9 2,0 3.5 4.5 4.4 

l.6 2 ',? 5,3 4.7 3.4 

2,2 :L .4 4.8 3.4 3.9 

2.1 1.3 2.6 s.7 4.3 

2.2 b 2.:3b 4,6a 4.6a 3.8c 

oJrEaoh f:l.gui:-e is an average ot 24 observations. 

aDate mean~ not iji$nificantly dif~erent at the 1% level 
followe~ by the aa~e letter. 

bRow mean~ nPt ~ig~ifieantly ditferent at th~ 1% level 
followe4 by the sam~ letter. 

50 

Mean 

4.sa 

3.2b 

3.5b 

3.sb 

3. lb 

3.2b 



TA13LE XIV 

AVJi:RA.GE FER cr:::·:T HEL!OTHIS DAMAGED SQUAR]JS ON COTTON 
BY nAT~ ANP Pimi:CTION, TifTON, OKLAHOMA., 1971 

Da.te 

51 

Di:rect;Lon 8-.7 a .. 19 a .. 25 ·a .. 31 9-10 . Mean 

South *Z.2 1.6 4.1 4.1 3.6 

North 2.2 2.9 5.1 5.0 4.0 

*Each figure is an average of 60 observations. 

aDireqtion me~ns not significantly different at the 1% level 
followed by the same letter. 

3 .la 

3.8b 



l'ABLE XV 

AVE:RAGE fER CEN'.C HEL!Ol'HIS DAMAGED SQUARES O~ 
COTTON BY ROW ANP DIRECTION, 

TIFTON, OKIAROMA, 1971 

Di.rectiqn 
Row Nqrth 

1 *5.6 

,5 3.8 

9 3,5 

13 3.9 

17 3.4 

21 3,1 

*'Ea.oh fig1,,1:r;e ia an average of 60 
obset'va tion.lii. 

South· 

3.4 

2.7 

3.5 

3.1 

2.9 

3.2 
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'!'ABLE XV! 

AV;lllBAG'.E m,n.1.BJ:;RS OF.· POVNPS OF S'J;'RI:f;ll?ER, COT!ON ID\.RVESTED 
F~QM TWO ROWS 260 FEET LONG Bl DIRECTION 

AND ROW, TIPTON, OIUAliOMA, 1971 

I 
.nir!ction 

B.ows NQrth South 

1 and 2 *47.9 56,8 

.5 and 6 49.6 ,55.1 

9 and 10 4.5.0 54.6 

13 a1:1id J4 48.3 54,0 

17 anc:1. l~ 47.3 49.6 

21 anc;l 22 44.~ 44.5 

M~1;1.n 47,l 52.4 

*!ach ftsu~~ is an average·of 12 obse~vations, 
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Mean 

52.3 

52.3 

49.8 

51.l 

48.5 

44.4 



TABLE XVII 

ANALYSIS OF VARIANCES FOR POUNDS OF S!RIJ;':E>ER COTTON 
HARVESTED~ TI~TON, OKLA,HOMA. 1 1971 

54 

df ' Mean Squares 

Total (Corrected 

Crop 

Error 

Dir. a. 

Crop x Dir. 

Error B 

Row 

Crop·~ Row 

Crop x Dir.~ RQW 

*Signi~i~ant at the 0,05 level, 

143 

1 

10 

1 

1 

10 

5 

5 

5 

5 

100 

91.8 

781.0 

1040.1 

35.0 

623.8 

222 .O* 

8.o 

79.0 

36.6 

77.3 



Array 
Type 

*4 

12 

24 

96 

1 

**14.02 

12.11 

9.97 

5.47 

TABLE XVIII 

AVERAGE NUMBERS IN THOUSANDS OF LADY BEETLES PER ACRE ON 
COTTON BY TYPE AND PERIOD, TIPTON, OK!AHOMA, 1972 

Period 
2 3 4 5 6 7 8 

16.86 8.83 -6.89 14.24 8.55 5.93 3. 79 

12-..34 8.55 12.59 10 .. 68 -8.32 7 .. 83 7.12 

8 .. 55 4.76 9.03 7.12 5.21 9.49 6.18 

13 .. 76 10.20 4.99 9_.26 ll.40 9.97 9.74 

*Number of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

9 

9.26 

11.62 

4.50 

7.83 

Mean 

10.15 

10.12 

7.20 

9.18 

Vt 
-v, 



Type 

-
*4 

12 

24 

96 

TABLE XIX 

AVERAGE NUMBERS IN THOUSANDS OF SPIDERS PER ACRE ON 
COTTON BY TYPE AND PERIOD, TIPTON, OKIAHOMA, 1972 

l'eriod 
1 2 3 4 5 6 7 8 

** 5.93 13.76 · 17. 72 20.65 15.18 17.81 23.28 20.65 

11.88 15.18 12.60 15.67 21.85 19.94 21.85 22.31 

8.55 9.74 12 .1.1 15.90 18.29 21.59 29.20 -19.71 

· 5.70 6.18 10.46 14.24 16.61 23.73 17.58 19.71 

*Number of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

9 

17.32 

28.97 

19.94 

19.00 

Mean 

16.92 

18.91 

17.22 

14.80 

\JI 
(j'\ 



Type 

*4 

12 

24 

96 

1 

** 6.89 

4.50 

1.42 

·3.56 

TABLE XX 

AVERA.GE NUMBERS IN THOUSANDS OF COLLOPS PER ACRE -ON 
COTTON "BY TYPE AND PERIOD_, TIPTON" OKLA.HOMA._, 1972 

Period 
2 J 4 5 6 7 8 

L.88 2.17 7.12 17.32 27 .. 55 22.08 3 .. 08 

G.94 3.56 10.20 14.24 21.59 20.17 1.65 

0.46 ·3.56 5.93 7.83 9 .. 97 13.30 2.36 

0.94 3.79 5.19 10.20 27.78 21.14 4.05 

*Number of rows of cotton between 4 rows of sorghum. 

**Ea~h figure is an average of 120 observations .. 

-9 

8.06 

8.06 

5.21 

6.89 

Mean 

10.68 

9.43 

5.56 

9.28 

VI 
-.J 



Type 

*4 

12 

24 

96 

TABLE XXI. 

AVERAGE NUMBERS IN THOUSANDS OF ROODE!) BEETLES PER ACRE 
ON COTTON BY TYPE AND PERIOD-, TIPTON, OKLAHOMA, 1972 

P-eriod 
1 2 3 4 5 6 7 8 

**16.15 7.35 5.27 6.64 5.21 7.61 1.42 3.56 

19.71 8.55 9.26 5.93 3-.56 4.50 5.47 6.64 

8.55 4.7-6 8. 77 4.27 4.76 6.64 6.64 5.21 

11.40 R.77 9.03 4.50 7.83 9.03 7.12 8. 77 

*Number of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

9 

4.27 

4.'99 

8.55 

4.99 

Mean 

6.38 

7.62 

6.46 

7.93 

Vl 
00 



Type 

'1(4 

12 

,24 

96 

TABLE XXII 

AVERAGE NUMBERS IN THOUSANDS OF LACEWING ADULTS PER ACRE 
ON COTTON BY TYPE AND PERIOD, TIPTON_, OKIAHOMA, 1972 

Period 
1 2 3 4 5 6 7 8 

** 0.23 0.23 0.71 1.20 o.oo 1.20 5.93 6.18 

-o.oo o.oo 0.02 0.71 (l. 71 1.91 5.21 11.17 

0.23 0.46 0.02 0.02 0.23 0.48 0.94 8.32 

0.23 o.oo 0.46 0.71 o.oo 1.20 1.65 L.91 

*Number of rows of cotton between 4 rows of sorghum. 

**Each figu.re is an average. of 120 observations. 

9 

1.42 

3.33 

1.42 

2.37 

Mean 

1.90 

2.56 

1.34 

0.94 

V1 
\0 



'.CABLE .XXIII 

PER CENT HE~lOTHIS AND BOLL WEEVIL ~GED SQUARES 
ON QOTTON BY PERIOD, TIPTON, OKI,AHOMA, 1972 

60 

% Bol1wol;'m % Boll Weevil 
Period Damaged Squares Damaged Squares 

1 (June 26) .40 

2 , ..• 38 

3 l.50 ... 

4 1.65 .16 

5 (July 24) 1.11 .39 

6 .91 .61 

7 i.;n 1.00 

8 .68 2.04 

9 (Aug. 2l) 1.12 6.07 



Type 

*4 

12 

24 

96 

TABLE XXIV 

AVERAGE NUMBERS IN THOUSANDS OF HELIOTHIS DAMAGED SQUARES PER 
ACRE ON COTTON BY TI-PE AND PE]UOD, Til'TON, OKLA.EOMA, 1972 

Peri-od{ 
1 2 3 4 5 6 7 8 

** O.Z-4 0.48 4.75 6.17 2.85 2.37 0.24 0.48 

o.oo o.oo 2.37 . 2.14 0.95 L.42 1.90 1.19 

o.oo 0.48 1.90 3.09 3.-80 1.90 3.80 1.19 

o.oo 0.24 1.42 3.09 3.09 0.95 0.95 0.48 

-
*Number of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

9 

0.95 

1.19 

0.95 

0.95 

Mean 

2.05 

1.24 

1.90 

1.24 

°' J-' 



Type 

*4 

12 

24 

96 

1 

-
-
-
-

TABLE XXV 

AVERAGE NUMBERS IN THOUSANDS OF BOLL WEEVIL DAMA.GED SQUARES PER 
ACRE ON COTTON BY TYPE AND PERI-OD, TIPTON, OKLAHOMA, 1972a 

Period 
2 3 4 5 6 7 8 

- - ** 0.24 1.42 0.24 0.95 1.90 

- - 0.24 0.71 0-.95 o.n 4.27 

- - 0.24 o.oo 1.90 1.90 3.09 

- - 0.71 1.66 1.42 1.66 0.71 

9 

4.5-6 

1-0.45 

5.22 

2.37 

aNo data recorded on boll weevil damaged squares until the fourth sampling peri-od. 

*NumbeT of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

Mean 

.1.55 

2.88 

2.05 

1-..42 

°' N 



Type 

*4 

12 

24 

96 

TABLE XX-VI 

AVERAGE NUMBERS IN THOUSANDS OF DAMA.GED BOLLS PER ACRE 
ON COTTON BY TYl'E:AND PERIOD, TIPTON, OKIAHOMA,. J.972a 

Period 
1 2 3 4 5 6 7 8 

- - - ** o.oo 2.85 2.37 3.80 2 .61. 

- - - 0.48 2.14 1.90 0.95 0.95 

- - - o.oo 1.66 0.71 1.66 1.19 

- - - o.oo 0.71 1.42 0.48 0.48 

aNo data recorded on damaged bolls until the fourth sampling period. 

*Number of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

9 

2.61 

3.32 

1.90 

1.19 

Mean 

2.37 

L.62 

1 .. 18 

0.71 

a, 
w 



. Type 

*4 

12 

24 

96 

·. 1 

**19.00 

11.89 

14.96 

9.97 

TABLE XXVII 

AVERAGE WMBERS IN THOUSANDS -OF SQUARES PER AeRE ON 
COTTON BY TYPE AND PERIOD, TIPTON, OKLAHOMA, 1912 

Period 
2 3 4 5 6 7 

85.24 195.37 261.85 249.51 164.28 80.72 

77.40 174.-00 212.47 274.91 215 .08 176.14 

63.39 173.06 212.00 214.14 159.53 129.38 

70.51 155.26 1.88.73 225.53 187.78 135.08 

*Number of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

8 

oL.73 

154 • .07 

150.75 

11.9.17 

9 

55.08 

132.95 

97.10 

71. 70 

°' .p-



Type 

*4 

12 

24 

96 

l. 

-
-
-
-

TABLE XXVIII 

AVERAGE NUMBERS IN THOUSAND:S OF BOLLS PER ACRE ON COTTON 
BY TYPE AND PERIOD~ TIPTON., OKLAHOMA, l972a 

2 3 4 5 6 7 

- - ** 2°0.42 70.03 152.41 193.24 

- - 9.97 66.46 · 136 .. 50 194.19 

- - 13.77 62.20 111.34 190.63 

- - 8.07 50.33 153.12 168.56 

aNo data recorded on bolls until the fourth sampling period. 

'icNumber of rows of cotton between 4 rows of sorghum. 

**Each figure is an average of 120 observations. 

8 

193_..24 

231.70 

192.06 

194.19 

9 

197.76 

254.02 

201.79 

211.05 

O's 
u, 



Array Type 

4 

12 

24 

96 

TABLE XXl:X: 

POUNDS OF SlRiiPER COTTON :aARVESTED PER PLOT AND 
CALCUJ4Tl0NS TO CONVERT TH~ YIELD TO POUNDS 

PER ACRE, 'UFTON, OKLAHOMA, 1972 

Acreage 
l'ota.1 In Ea.ch 

:rlot Lbs Lbs/Type Type 

5 5~2 
8 436 1390 . .78 = • 
9 402 

1 1009 
2 951 .)066 . 1.17 = ';' 

12 110~ 

.) 1040 
4 978 2984 • 1.41 = • 6 966 

7 986 
10 1002 3104 • 1.56 = .. • 
11 U.16 

66 

Yield 
Lbs/Acre 

l781 

2619 

2124 

1988 
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Figure 1. Field Plot Diagram·, Tipton, Oklahoma, 1971 
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Figure 2. Modified D-VAC Sampling Unit, Tipton, Oklahoma, 1971 
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Figure 3. Average Numbers of Predators Collected from 130 Feet of Each Sampled 
Cotton Row on Three Sampling Dates, Tipton, Oklahoma, 1971.a 

aEach Point is Based on 24 Observations. 
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Fig~re 4. Average Numbers of Lady Beetles Collected from 130 Feet of 
Each Sampled Cotton Row on Three Sampling Dates, Tipton, 
Oklah(,')tlla., 1971.8 

8 Each Point is Based Qn 24 Observations. 
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Figure 5. Average Numbers of Lacewing Adults Collected from 130 Feet 
of Each Sampled Cotton Row on Three Sampling Dates, 
Tipton, Oklahoma, 1971.a 

aEach Point is Based on 24 Observations. 



Cl) 

c 
m 
<t 
z 
LL 
0 

0:: 
w 
m 

2.0 

1.5 

1.0 

~ 0.5 
:::) 

z 

72 

JULY 28 

o-----------------------------------------------------5 9 13 17 21 

ROW 

Figure 6. Average NUII1bers of Nabids Collected from 130 Feet of Each 
Sampled Cotton Row on Three Sampling Dates, Tipton, 
Oklahoma, 1971.a 

aEach P::>int :j.s Based on 24 Observations. 
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Figure 7. Average Numbers of Hooded Beetles Collected from 130 Feet 
of Each Sampled Cotton Row on Three Samp~ing Dates, 
Tipton, Oklahoma, 1971. a · 

aEach Point is Based on 24 Observations. 

73 



8 
00 
~ 
w 
c 6 ~ 

~ 
00 
~ 
0 

4 
~ 
w 
m 
~ AUa23 
~ 2 z 

0 ....._ _________ 5 _____ 9 __ ~-,3-----,-1----2-,-----

ROW 

Figure 8. Average Nuµibers of Spiders Collected from 130 Feet of Each 
Sampled Cotton Row on Three Sampling Dates, Tipton, 
Oklahoma, 1971.a 

aEach Point is Based on 24 Observations. 
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Figure 9. Field Plot Diagram, Tipton, Oklahoma, 1972. 
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Figure 10. Total Numbers in Thousandi:; of l'redator Per Acre on 
Cotton on Nine Weekly Sampling Dates Tipton, 
Oklahoma, 1972.a 

aEach Point is Based on 480 Observationf· 
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Figure 11. Average Numbers in Thousands of Lady Beetles, Collops, 
and Spiders Per Acre on Cotton on Nine Weekly 
Sampling Dates, Tipton, Oklahpma, 1972.a 

aEach Point is Based on 480 Observations. 
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Figure 12. Average Numbers in Thousands of Lacewing Adults and 
Hooded Beetlea Per Acre on Cotton on Nine Weekly 
Sa.mpli,ng Dates, Tiptc>n, Oklahoma, ).972.a 

· aEach Point is Based on 480 Observations. 
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Figure 13. Average Numbers in Thousands of Predators Per Acre on 
Cotton in Each Planting Array on Nine Weekly Sampling 
Dates, Tipton, Oklahoma, 1972.a 

aEach Point is Based on 120 Observations. 
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Figure 14. Average Numbers in Thousands of Heliothis Damaged 
Squares, Bol.l Weevil Damaged Squares, and Damaged 
Bolls Per Acre on Cotton on NiiE Weekly Sampling 
Dates, Tipton, Oklahoma, 1972. . 

aEach Point is Based on 480 Observations. 

b No Data Recorded on Boll Weevil Damaged Squares and 
Damaged Bolls until the Fourth Sampling Period. 
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Figure· LS. Average Nut11bers in Thousands of Squares, Blooms, and 
Bolls Per Acre on Cotton on Nine Weekly Sampling 
Dates, Tipton, Oklahoma, 1972.a 

.aEach·Point is Based on 480 Observations. 
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