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ABSTRACT 

Yield losses associated with the pink bollworm, Pectlnophora 

Gossyplella (Saunders), were studied on irrigated short staple cotton 

from March to October of 1982 and 1983. 

Losses were significantly related to larval infestation of 

bolls. Injury infestation levels for the loss of 1 bale of seed cot

ton/acre for 1982 and 1983 were 105 and 56 Infested bolls/meter/season, 

respectively. Lowest possible Injury levels estimated by fiducial 

limits ranged from 30 to 63 and 32 to 42 infested bolls/meter/season 

in 1982 and 1983, respectively, for reliability levels from 0.99 to 

0.80. These Infestation levels are the suggested single averaged 

thresholds for preventing injury levels resulting in the loss of 1 

bale of seed cotton/acre. 

Rate of increase in infestation was related to the availability 

of susceptible bolls, which occurred 15-18 and 24-26 weeks after 

planting when a second fruiting peak was present. 

xi 



INTKDDUCTION 

The pink bollworm, Pectlnophora gossyplella (Saunders),^ is 

considered one of the most Important pests of cotton in the arid 

western U.S.A. (Reynolds et al. 1975). There is apparently a lack of 

published studies validating current recommendations regarding the 

level of pink bollworm (PBV7) infestation at which additional control 

measures, primarily insecticidal, should be Initiated to avert 

econcmic injury. 

According to current Integrated Pest Management (IPM) theory, 

an infestation level is economically injurious to the grower when it 

exceeds the cost of suppression. However, it is necessary to initiate 

control for the PBW, or other insect pests, at an infestation level 

lower than this economic injury level (EIL) so that the potential 

economic loss is not realized. This lower level is called the economic 

threshold (ET) (Fig, 1). Adoption of the twin concepts of the EIL and 

the ET promotes the judicious use of insecticides, or other pesticides, 

thereby minimizing economic and ecological hazards associated with 

their use. 

Estimation of pest infestation levels (IL) which result in 

yield losses, while an integral component in current IPM theory, 

remains a poorly researched area. This is due in part to the 

^ Lepidoptera, Gelechiidae 

I 



2 

difficulty in accurately assessing the effect of biological factors on 

yield. When attempting to establish the EIL and the ET» this diffi

culty is compounded by the variability associated with the economic 

factors which must be considered. Sterling and Lincoln (1978) observed 

that considerable research effort must be expended to definitively 

establish economic thresholds for the boll weevil, Anthonomus grandis 

Boheman. This also appears to apply to the PBU. It is evident that 

most studies intended to estimate the effects of PBW damage on cotton 

yields do not consider the variability effects which exist under field 

conditions. Many such studies were conducted under caged conditions. 

Other estimates are based on damage per boll evaluations. Therefore 

Information based on field studies may be useful In estimating valid 

ETs for this pest. The objectives of the present study were therefore 

to (1) evaluate yield loss as a function of PBW infestation levels, and 

(2) estimate the parameters of variability affecting such functions. 

The Pink Bollworm 

Introduction and Establishment 

The first published record of the PBW was In a report in 1842 

by W. H. Saunders, of the Entomological Society of London, who received 

specimens from India (Curl and White 1952). It was reported in Hawaii 

In 1909 and in Mexico In 1911. It first appeared in the United States 

in 1917 near Hearne, Bobertson County, Texas. 

Some larvae were found in cotton of the eastern counties of 

Arizona In 1926 (Wene et al. 1961). Periodic Infestations occurred In 
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localized areas of Arizona until 1965, despite repeated attempts at 

eradication. In 1965 the pest spread across the entire state and also 

Into southern California. The PBW has caused serious economic losses 

to cotton In Arizona since 1966 (Noble 1969). The problem Is not just 

a loss In yield but also secondary Infection by Aspergillus flavus 

Link, leading to Increased accumulation of aflatoxln, a potent 

hepatocarclnogen (Henneberry et al. 1978). 

The FBW is one of the world's most destructive pests. Where it 

is uncontrolled, 20 to 40 percent of cotton bolls are commonly damaged, 

and In limited areas total crop loss may occur (Metcalf et al. 1962). 

The potential destructlveness of the PBW is exemplified by an estimated 

loss of $28,000,000 in 38 south Texas counties in 1952 (Gaines 1957). 

In some areas, the PBW has been credited with reducing the value of the 

cotton crop up to 30 percent (Brazzel and Gaines 1956). Severe 

infestations may reduce yields 50 to 80 percent as compared with those 

in plots treated with insecticides (Henneberry et al. 1978). 

Life Cycle in Relation to Control 

A comprehensive description of the life cycle of the PBW in 

Arizona Is given by Werner et al. (1982)* The adult is a mottled, 

grayish brown moth approximately 3/8 inch long with a wing span of 1/2 

to 3/4 inch. The first generation in the spring originates from 

diapauslng larvae sheltered in bolls, seeds, or within cocoons in the 

soil. Moth emergence is temperature and moisture dependent. In 

central and western Arizona, emergence begins in Karch, peaks in April 

and early May, and continues into July. In Eastern Arizona these 
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events may occur about two weeks later. During most years, 60 to 80 

percent of the moths emerge and die before squaring cotton Is available 

for Infestation* These moths lay few eggs and are considered to have 

emerged "suicidally" (Werner et al. 1982). 

Eggs of the PBW are oval, greenish to red, and are laid on the 

bases of bolls or the bracts of squares. Eggs hatch In 3-4 days. 

Upon hatching the young larvae must Immediately bore Into 

squares or bolls for food. Without food they die within 24 hours. 

Young caterpillars are glossy white with a dark head, whereas full 

grown caterpillars are about 1/2 Inch long and pink on back and sides. 

Under favorable conditions larval development requires 12-15 days, and 

pupation about 8 days. A generation may be completed in 3-4 weeks and 

five to six generations a year are possible. 

Beginning in early September, full grown larvae may, instead of 

pupating, enter diapause which continues through winter. Others may 

pupate normally and emerge in the fall. The percentage of larvae 

entering diapause increases greatly after mid-September. About half 

the diapausing larvae may be inside bolls and seeds and the other half 

in cocoons in the soil (Werner et al. 1982). 

Cotton squares and blossoms Infested with PBW usually produce 

normal cotton, although most blossoms are resetted. Seeds of develop

ing bolls are the preferred food, and two or more may be eaten. In 

addition, the larvae may cut through fiber and the exit hole may facil

itate entry of disease causing organisms. Under dry conditions, bolls 

infested with one or two larvae may produce normal cotton except for 
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seed damage* More coomonly, however» one or more locks are destroyed. 

Often, vhen moisture is high, the entire boll is lost to rot> Curl and 

White (1952) reported that severe Infestations may cause shedding of 

damaged squares and small bolls. A lowering of the grade and reduction 

in staple length as well as loss of oil content In seeds, may also 

o ccur. 

Prior to the development of DDT and other synthetic organic 

Insecticides in the mid-1960'b, there was very little success in chemi

cal control of the PBW (Gaines 1957). Since then, PBW adults have been 

relatively easy to control with these Insecticides (Werner et al. 

1982). At present, recommended Insecticides for PBW control in Arizona 

Include azlnphosmethyl, fenvalerate, permethrln, and carbaryl, among 

others. Application of most Insecticides Is recommended at six-day 

intervals (Moore et al. 1982). Even though actual damage to the crop 

is caused only as a result of larval feeding, chemical control measures 

for the PBW are aimed at killing adults prior to oviposltion. This Is 

due to the fact that almost the entire larval stage is spent Inside the 

boll, where it is protected from currently registered Insecticides 

(Toscano et al. 1979). A major objection to chemical control is that 

the frequent applications required Induce outbreaks of secondary pests, 

such as the cotton leaf perforator and spider mites (Werner et al. 

1982). 

Although a number of chemicals are labeled for use against the 

PBW, cultural practices are the major recommended method of control. 

Nost of these practices are aimed at reducing the dlapauslng larval 
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population by shortening the growing season. They include such tactics 

as planting early maturing cotton varieties and terminating irrigations 

in late summer. The objective of these actions is to stop fruiting by 

mid-September (Moore et al. 1982), thereby denying a food source for 

larvae at a time when a large percentage is entering diapause (Cannon 

and Fisher 1980). 

Survey, Detection and Forecasting 

Several sampling procedures have been described for estimating 

abundance of FBW populations in the field. These include field 

sampling, pheromone trapping and heat unit based forecasting. 

Field Sampling. Infestation at early fruiting stages may be 

detected by examining half grown or larger squares for PBW larvae or 

surveying the field for rosetted blossoms. These estimates, however, 

should not be used as a basis on which to initiate control (Moore et 

al. 1982). 

As soon as bolls are available, weekly samples should be 

pulled, opened, and examined. Infestation is confirmed by observation 

of the larvae themselves, or indicated by the presence of warts or 

mines on the Inside carpal walls. Bolls sampled should be those that 

are most susceptible, or "preferred." Such bolls are selected by being 

only slightly spongy when firmly pressed between thumb and fingers. 

Susceptible bolls have been variously described as 14-21 days old (Van 

Steenvyk et al. 1976) or 15-20 days old (Werner et al. 1982). 

The sample size should vary with the size of the field. In 

general, fields of 30 to 80 acres should be checked by pulling 25 bolls 
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from at leaet four areas of the field* Larger samples may have to be 

examined in larger fields (Moore et al. 1982). 

Other Methods. Trapping of adults by using a synthetic sex 

pheromone, gossyplure, has been described as a method of detection 

elsewhere (Werner et al* 1982, Ingram 1980). Toscano et al. (1979) 

have outlined methods of forecasting emergence of diapausing PBW based 

on the effect of heat unit accumulation on development. 

Damage Assessment 

Several Intensive and extensive studies of PBW damage to cotton 

have been conducted* Brazzel and Gaines (1956, 1937) reported experi

ments, which evaluated both yield and quality losses resulting from 

caging different densities of PBW on cotton. They found that about_50 

percent infestation with about two larvae per boll were required under 

dry weather conditions before a decrease in the value of cotton could 

be realized. Lukefahr and Martin (1963) observed that yield losses of 

34 percent of the crop occurred when seasonal PBW infestations averaged 

60 percent. They compared this result with work by Adklsson, published 

three years earlier, that PBW infestations should reach a season ave

rage of 60 percent before a decrease in yield could be realized. These 

losses could be equally attributed to qualitative and quantitative 

aspects of damage, in studies using Deltapine-16, a cultlvar of upland 

cotton, and Pima S-5, a cultlvar of American Pima cotton, lint losses 

were 14 and 24% and seed weight losses were 12 and 22%, respectively, 

per PBW per boll (Fry et al. 1978). Watson and Fullerton (1978) 
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reported that at least 20% of the green bolls should be Infested before 

control measures are warranted* 

The Economic Injury Level-Economic 
Threshold Concept 

The Need, Origin and Development 

An analysis of the development of cotton insect control reveals 

the early foundations of IPM (Smith et al. 1976), Including the related 

concepts of an EIL and an ET. During the first five to fifteen years 

following the successful Introduction of post-World War II organic 

insecticides, applications were recommended once weekly on cotton from 

the onset of squaring until near harvest (Smith 1978). There was no 

method by which the farmer could determine whether the applications 

were actually needed. By the mid-1960s authors such as Carson (1962) 

and Bloom and Degler (1969) had drawn public attention to the undesir

able aspects of such dependence on chemical control, particularly 

environmental contamination. Metcalf (1980) reviewed the circumstances 

in the 19608 which led to skepticism with regard to prophylactic use of 

insecticides. 

Federal and state administrators subsequently introduced amend

ments and new additions to existing pesticide regulations. Entomolo

gists realized the Importance of timely application, which seeks to 

limit insecticide use to those situations in which justifiable damage 

is present. Adoption of this approach usually leads to economical, as 

well as reduced, use of insecticides, thus alleviating undesirable 

effects resulting from their use. Thus a decision making process, 
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based on justifiable economic injury leading to timely insecticide use, 

came to be an urgently needed component in practical pest management 

strategy. 

Although the benefits of timely use of insecticides came to be 

widely acknowledged only In the late 1960s (Stern 1973), many workers 

had earlier recommended restraint in their use. Hunter and Coad (1923) 
• 

recommended several practices, Including an injury level of 10 to 15% 

punctured squares, for boll weevil control* Several other early 

workers also encouraged farmers to apply insecticides only when pest 

populations reached economically Injurious levels (Newsom and Smith 

1949). 

Present Status of the EIL and ET Concepts 

Review of the current literature dealing with IPM theory in 

general and the concept of an EIL or an ET in particular reveals that 

these areas of study are still in their formative stages. This is 

evidenced by the lack both of standard terminology and of widespread 

understanding and acceptance of the basic definitions which Stern et 

al. (1959) proposed. 

Inconsistency in Terminology. Rather than utilize the 

terminology proposed by Stem and his co-workers, subsequent authors 

have sometimes discussed "damage threshold" and "ET" (Norgaard 1975), 

or "visual threshold" and "economic action threshold" (Lucknann and 

Hetcalf 1975). Other terminology is more difficult to relate to the 

original, such as "control threshold" (Sylven 1968), "action threshold" 

(Chant 1966), or "gain threshold" (Stone and Pedigo 1972), since these 
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authors apparently make no reference to the EIL. Standardization of 

the terminology for the two economic levels would, In the least, ensure 

clarity in scientific literature a8_ to the economic level being 

discussed. 

Inconsistency In Conceptualization. Different terminology used 

to identify the concept of an EIL or an ET is perhaps symptomatic of 

the divergent views regarding the definition of an EIL or an ET which 

now coexist in the literature. Stern et al. (1959) originally defined 

the EIL as "the lowest pest density which causes economic damage," 

where economic damage was described as "the amount of Injury which will 

justify artificial control measures." They then further identified a 

lower infestation level, the ET, as "the pest density at which control 

measures should be Initiated to prevent an Increasing pest population 

from reaching the EIL." Luckmann and Metcalf (1975) graphically 

Illustrated the relationship between a pest's equilibrium population 

and Its EIL and ET [Figure (Fig.) IBJ. 

Although the above definitions have gained wide acceptance 

among entomologists, several other definitions and supposed refinements 

have been suggested (Sterling and Lincoln 1978). One which is perhaps 

noteworthy of mention is that by the National Academy of Sciences 

(NAS), who define an ET as "a more critical density ... where the 

loss caused by the pest equals in value the cost of available control 

measures" (Luckmann and Metcalf 1975). 

Due to the importance of micro- and macro-economic analyses in 

the establishment of valid ETs, agricultural economists have become 
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Increasingly involved (Norgaard 1976)• One such econonist has 

redefined the ET as "the population that produces incremental damage 

equal to the cost of preventing the damage" (Headley 1972). 

The value of other proposed definitions or discussions is less 

apparent. Included might be such redefinitions of the ET as "the 

decision level chosen such that there is little likelihood that the 

real management system might inadvertently permit the pest population 

to exceed the EIL" (Poston et al. 1983). Vlhile the authors of this 

definition claim it accounts for delay between detection and control as 

well as sampling error, they make no attempt to describe the actual 

procedures by which such thresholds could be established. There are 

several complicated and vague theoretical discussions in the literature 

In which the authors make very little or no effort to elaborate 

procedures by which such theory could be used in practice to establish 

valid economic levels under field conditions. As Geier (1983) 

comments, such discussions are, at present, purely of academic Interest 

only. Other authors have confined their contribution to discussion of 

the high degree of difficulty encountered in establishing EILs and ETs. 

Others have suggested that the concept of an ET be dropped altogether 

(Allen et al. 1972). 

Application Under Field Conditions 

In spite of many definitions, the difficulty of establishing 

acceptable EILs and ETs, at the experimental level as well as at the 

farm level, has been reported (Pltre et al. 1979, Chant 1966). This 

difficulty has been attributed to the large number of variables that 
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are associated with the detetminatlon of the EIL and ET (Reynolds et 

al> 1975). These variables, described in greater detail later, include 

crop stage, climate, fruiting stage, natural enemies, production prac

tices, control costs, value of crop and perhaps others both knovm and 

unknown. Hence, the EIL and the ET have to be envisaged as dynamic 

functions which may vary from day to day and field to field* This 

situation is further complicated by the inconsistency in the relation

ship between the EIL and the ET, caused by locatlonal and temporal 

variability (Wilson 1981, Keerthisinghe 1984). 

Despite the apparent difficulty of estimating reliable and 

realistic EILs and ETs under field conditions, many such economic 

levels have been established and recommended for various field crops 

(Newsom et al* 1980). Most ETs that exist at present may be cate

gorized largely as either (1) pragmatic ETs, which are based primarily 

on empirical evidence, and (2) definitive ETs, based on more exacting 

information such as experimental data (Sterling and Lincoln 1978). 

Most initially established ETs are of a tentative nature and may 

subsequently be improved (Falcon and Smith 1973)* 

Shotwell (1935) was perhaps one of the earliest workers to 

estimate a functional numerical relationship between pest density and 

crop loss. He categorized a threshold of 15 grasshopper/yd^, as a 

"moderate Infestation" which would develop Into a "heavy Infestation" 

unless controlled. Since then, EIL and/or ET levels have been 

estimated and incorporated into control recommendations for cotton 

pests, as well as for many pests of corn, sorghum, tobacco, soybeans, 
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vegetables and other crops (Pltre et al. 1979). In Arizona, action 

levels based on the EIL-ET concept are In existence for the pink 

bollworm, lygus bugs, tobacco budworms, bollworms, the cotton leaf 

perforator, stink bugs, and other cotton pests. The ET recommended for 

the pink bollworm Is 15 percent Infested bolls In non-boll-rot areas, 

and 5 percent In boll-rot areas (Moore et al. 1982). Since economic 

Infestations of the boll weevil were detected, tentative ETs have been 

suggested for this pest too (Moore 1983). 

Experimental Techniques 

Stern (1973) discussed three empirical methods of establishing 

ETs, namely estimation of the effect of unit pest density on crop loss, 

use of pest damage as an index of crop loss, and the effect of pest 

damage on finished or marketable produce. All three methods Involve 

visual estimation of crop loss. Stone and Pedlgo (1972) proposed a 

further refinement in empirical method In which the cost, market, yield 

and insect feeding data were experimentally manipulated in the 

laboratory to detect their Influence on ETs. 

Pltre et al. (1979) discussed the more definitive approach in 

which "more realistic" ET evaluations considering the pest in a field 

environment could be made. These methods Included simulated Injury, 

artificial removal of product, artificial Infestation, and comparative 

studies on naturally occurring pest Infestations. The experimental 

area used for such studies might be a growth chamber, green house, cage 

or an open field. Open field studies, which they consider the "most 

realistic," Involved comparison of yields from infested and uninfested 
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plots* While such studies could be conducted In stoall or large plots, 

use of the former would enable greater control over variables which 

affect ET considerations. 

General methods for regulation of pest populations in the 

field, include artificial infestation, use of selective insecticides, 

and manipulation of naturally occurring pests by adjusting agronomic 

practices or chemical means such as kalromones. If insecticides are 

used, selective dosages may be used to increase or decrease pest 

density levels* Such studies should be replicated in time, at least 

twice or more, to minimize the effects of variability. However, as 

absolute values for losses cannot be obtained in practice, estimates 

within a 10-15 percent margin of error may be acceptable. 

Shoemaker (1976) discussed computer simulation and 

optimization, a more recent approach to experimental evaluation of ETs. 

These computer experiments which are based on mathematical models, are 

claimed to be advantageous in that "numerical values" of both 

management and "exogeneous" variables of a crop management system could 

be Incorporated. However, she stated that such models cannot be 

expected to mimic reality exactly. Other recent techniques reported 

for ET establishment Include adult trapping using pheromones described 

by Ingram (1980), and yield development threshold analysis suggested by 

Hearn and Boom (1978). 

Statistical Interpretation 

Pltre et al. (1979) stated good experimental design with 

reasonable control of environmental and blotlc variables, valid 



15 

statistical data on pest density to yield loss ratio, and proper 

analytical procedures, as essentials In ET research. Proper statis

tical Interpretation has been reported to be vital for experimental 

design, sampling, analysis and deduction in ET evaluation (Kueslnk and 

Kogan 1975). 

Experimental Design. Stern (1973) discussed the Importance of 

replicated plot design In areas of soil variability, and reviewed 

current techniques for plot design. Keerthlslnghe (1982) described the 

use of paired large plots, replicated in time, for ET evaluation of 

bollworm damage in cotton. 

Sampling. The close relationship between sampling and ET 

estimation has been described by many workers (Allen et al. 1972; 

Sterling and Pieters 1979). Rieslnk and Kogan (1975) divided field 

sampling into "decision-making sampling" associated with threshold 

estimation, and "parameter-estimation sampling" used for estimating 

absolute population densities. In their opinion considerable sampling 

error could be tolerated In "decision making sampling," if the sample 

mean was exceptionally far from the threshold. They regarded prior 

knowledge of the statistical distribution, as related to the spatial 

distribution of the pest and the sampling method, as essential in both 

types of sampling. 

As reported by many workers, sequential decision sampling is 

perhaps one of the widely used methods in the decisionmaking process 

of cotton pest management (Allen et al. 1972, Ingram and Green 1972, 

Sterling and Pieters 1979). This preference may be due to the fact 
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that this method is specifically Intended for categorizing a population 

density as one requiring either "action" or "no action" on the basis of 

predetermined thresholds. Sterling and Pleters (1979) stated that a 

major difficulty in sequential decision sampling may be that it is 

based on the binomial theory of percentages and proportions, which may 

not be compatible with ETs based on absolute values* 

Point sample scouting is a further method associated with ET 

estimation of pests such as Hellothis species (Lincoln and Phillips 

1979)* Jackman et al. (1979) discussed the Importance of rapidity^ 

reliability and cost efficiency in sampling for ET estimation. 

Sampling the yield is as important as sampling pests. Yield 

samples must be obtained to detect a measurable loss in the quality 

and/or quantity in plots with various infestation levels (Ruesink and 

Kogan 1973). It is critical to obtain yield samples from various 

plots within the same field, and at the same time, with all possible 

variables remaining constant except for the techniques used to 

establish the various Infestation levels (Stern, 1973). 

Analysis. Pitre et al. (1979) discussed the use of regression 

and correlation analyses supported by the t-test procedure, in esti

mating the pest-denslty-to-yield-loss ratio. EILs may be computed with 

the use of a series of paired points which allow regression of yield 

reduction on population levels. Where the relationship is linear, the 

regression coefficient may be used to estimate the yield loss 

associated with a unit pest density or damage (Ruesink and Kogan 1975). 

However, with certain pests such as Lygus species on cotton, the 
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relationship Is not ae simple and» the yield to pest density curve Is 

not linear* Such situations require special treatment such as data 

transfomatlons (Stern 1973). 

ET estimation using analyses other than regression have been 

discussed by Chiang et al. (1980) and others (Stern et al. 1980» 

Judenko 1972)* Headley (1972) discussed a graphical method for 

analyzing ETs from available data. However, most economic analyses do 

not relate ET estimation to sampling procedures, and also often do not 

consider the EIL-ET relationship* 

Deduction. Deduction, the final phase of EIL-ET evaluation, 

which necessarily follows the numerical analysis of the association 

between pest density and yield loss, has led to much controversy and 

confusion. This Is largely due to numerous variables which affect the 

pest density to yield loss function. The difficulty of EIL-ET 

evaluation. Is reflected In the large number and types of studies that 

have been conducted (Pltre et al. 1979). It Is quite possible that 

there may well be more than one procedure to estimate EILs and ETs for 

the same pest on the same crop. 

The very large number of variables which require consideration 

in any EIL-ET estimation are well documented, although a complete 

listing would well be Impossible. These variables may be broadly 

categorized as associated with the pest, the crop, the environment, 

socio economics, sciences and philosophical considerations. Variables 

which could be placed in the first category are crop damage per pest, 

rate of pest population growth, stage of pest, distribution of pest in 



18 

time and space, natural enemies, diseases, multiple pest Infestations, 

and the effect of sub lethal dosages on subsequent pest densities* 

Variables in the second category would include productivity potential 

of different crop stages, crop compensation, individual plant variation 

In response to pests, and crop density. Examples of environmental 

variables are micro and macro climate, weather, soil type, and crop 

production practices, while socio-economic variables Include efficacy 

and cost of control, prevailing and projected market for the produce, 

economic policies, and social and environmental impact of artificial 

control. Finally, philosophical variables might include different 

experimental techniques, sampling methods, philosophy and attitude of 

scientists, and experimental error (Pitre et al* 1979, Ruesink and 

Kogan 1975, Sterling and Pleters 1978). Additionally, philosophical 

considerations of the population concept are involved when the question 

arises as to whether individual crop situations should be considered as 

separate populations or as random variables of a single population 

(Keerthlslnghe 1984). 

Hence it is evident that any EIL-ET experimenter has to cope 

with a broad range of variables which may change from field to field 

and time to time. This affects not only the determination of widely 

acceptable EILs and ETs, but also the EIL-ET relationship 

(Keerthlslnghe 1984). The number of variables Involved in a given 

location at a given time makes it extranely difficult to consider an 

EIL and an ET which relates to all of them, or to predict how these 

variables may affect estimated economic levels in the future. Hence 
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the task of computing EILs and £Ts which would be reliable over space 

and time becomes extremely tedious. The situation is well explained by 

Reynolds et al. (1975) in . . 'the determination of pest insect level 

at which to begin insectlcldal treatment is not easy. The economic 

threshold for a given pest may vary with ..." and ". . . the economic 

threshold Is always changing. The threshold applicable today may not 

be good tomorrow . . . ." 

Basically, there appear to be two main methods to cope with the 

complications caused by variability; namely the use of computer based 

methods which Incorporate most variables, or the adoption of a more 

simplified approach. Both methods refer to the concept of dynamic 

economic levels, which change with the variables Involved. The use of 

computer based pest management systems has been discussed elsewhere 

(Tummala 1976, Brown et al. 1979). Most computer based modelling, 

however, is associated with forecasting population densities and the 

most appropriate control measures, rather than evaluating economic 

levels. A further difficulty, as described by Sho^aker (1976), is 

that they cannot be kixpected to mimic reality and often have to be 

supplied with field information, which is rather tedious when the 

conditions Involved may change dally from field to field. Hence 

computer-based decisions may be highly restricted to the specific 

situations for which they were developed, and are often limited by the 

lack of adaptability to individual situations, high costs and lack of 

facilities (Keerthislnghe 1984). Geler (1983) observed that even such 

sophisticated approaches may be too "coarse-grained" for the "fine 
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tuning" needed to cope with the considerations Involved In the EIL-ET 

area. 

The second approach has been advocated by many who feel that 

the current overly cautious attitude prevailing among some scientists 

may have stretched the concept of dynamic econcmlc levels a little too 

far. Stern (1973) stressed that "... the fundamental principle in 

determining an ET of a pest species is to distinguish between Its mere 

presence in a crop* as opposed to a higher density that will cause a 

reasonable loss In the quality and/or quantity of the harvest crop." 

Euesink and Kogan (1975) argued that although the only reasonable way 

to model time is with dynamic models, there are many instances in 

Insect pest management in which more simple static models may be very 

useful* Geler (1983) observed that even empirical approaches resulting 

from "a rule of thumb" may be more realistic and conceptually more 

useful than some complicated approaches. Hence It is Important to 

realize that the EIL or ET needed may not be a magical number with a 

100 percent accuracy covering all possible variability. Therefore such 

statements as . . this simplified approach does not consider soil 

pesticide residues which may make subsequent crops less profitable 

. . ." (Luckmann and Metcalf 1975) should not be considered at their 

face value. A further difficulty is the realization of the fact that 

an impractical number of dynamic levels may have to be established for 

a single growing season, to cope with the variability Involved. It 

would be rather difficult to envisage a pest manager walking through a 

field, keeping In mind 5 or 6 economic levels with the added 
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psychological discomfiture that these may have to be changed In the 

next field to be visited, if the nximber of beneficials is different by 

.5/row meter (m>). 

Several simpler approaches have been suggested> One of these 

Is the yield development threshold analysis of Hearn and Soom, which 

provides a workable guideline to cotton growers (Geler 1982). Another 

approach based on statistical treatment of the Involved variability has 

been discussed (Keerthlslnghe 1984). The following sections will 

attempt to discuss the latter approach In some detail, with regard to 

eliminating variability effects on decision making* 

The variability associated with EIL-ET determination may 

possibly be divided into pre harvest and post harvest categories* Most 

variables related to the pest, the crop, and the environment fall into 

the former type. Most socio-economic and other variables would belong 

to the latter category. 

In most Instances, a crop variety is bred to suit a certain 

agroecological region. Therefore all individual fields planted to the 

same variety within this region may be considered as units of one 

population. Hence, each crop characteristic may statistically be 

considered as a random variable with the varietal characteristic as its 

population parameter. For example, a corn variety may have a 

characteristic varietal height of 5.0 feet (ft*). However, it may vary 

from 4.0 ft. to 6.0 ft. under field conditions, due to locatlonal 

(field to field) and temporal variability. It Is important to note 

that the varietal or parametric characteristic merely represents the 
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average value, which Is the typical or common value for the total 

population representing this variety. Hence, in the corn example crop 

height is the random variable with a varietal or parametric height of 

five ft. 

As the foregoing discussion indicates, a particular variety nay 

respond to an infestation by a particular pest in a manner charac

teristic to that variety. If this response is expressed in terms of a 

yield loss, then the "yield-loss-per-unit-pest" relationship observed 

in various crops in this variety may be considered as a random variable 

with a characteristic varietal response represented by the parametric 

"yield-loss-per-pest" relationship. As in the corn height example, the 

parametric "yield-loss-per-pest" relationship is the typical value for 

the total variety, which would be exhibited by the highest proportion 

of fields within this region. 

However, as opposed to a single characteristic such as plant 

height, the "yield-loss-per-pest" relationship is a function of two 

variables, pest density and the yield. This may be estimated for indi

vidual fields by computing a regression coefficient which Is a sam

ple statistic as opposed to plant height which in this case is a popu

lation value. However, both are random variables where h represents 

the random "yield-loss-per-pest" relationship which can change from one 

field to another field and in the same field over time, depending on 

the variability Involved. The parameter of the random variable 

then, is the characteristic varietal "yield-loss-per-pest" function 

represented by 3, the parametric regression coefficient. Hence it is 
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that should be estimated as accurately as possible In order to 

determine the most representative EIL. 

As It 1b not possible to determine population parameters of 

infinite populations, such as g, a range of all possible values for 6 

is established with the highest possible confidence (reliability), by 

estimating a confidence Interval around the sample regression 

coefficient _b, which is the best estimate of Two features of ̂  are 

most useful in this process. Firstly, ̂  can be estimated from 

experimental data obtained through procedures described earlier. 

Secondly, as described by Sokal and Rohlf (1981)> Jb is normally 

distributed by the central limit theorem so that confidence Interval 

estimation becomes much simpler, and is Independent of the pest 

distribution. 

Keerthlslnghe (1984) observed that an estimate of ̂  may be 

obtained by estimating a regression of yield-loss on pest density from 

a large number of treated and untreated plots in a crop area. However, 

a second procedure which Involves maintaining only a pair of plots 

(treated and untreated), in each of a sample of different fields within 

the region Involved, would allow the estimation of a b which covers a 

wide range of variability. 

He expressed the above mentioned considerations with the 

function, 
6 = b + t(i_a)(n-2)' Sb 
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where, 

3 B parametric regression coefficient (varietal crop response 

to pest) 

b » sample regression coefficient (random crop response to 

pest) 

S]|, » standard error of ̂  (random and experimental variability) 

t •> students' t-value for the required reliability and sample 

size. 

J- a = degrees of reliability or confidence 

n-2 = degrees of freedom* 

Estimation of the confidence region enables one to establish a 

range of values for the "pest density which is most likely to cause a 

given yield loss." This is the parametric varietal response to the 

pest. For example, the confidence interval may Indicate that the 

parametic pest density which Is most likely to cause a yield loss of 1 

bale/acre for a variety, may be any number from 100 to 200 pests/acre. 

It Is evident that the same relationship may then be extended to esti

mate the pest density which is most likely to cause a given economic 

loss. Hence estimates based on the confidence Interval of g , may be 

used to estimate the economic injury level most representative of the 

variety. 

He further stated that it is then necessary to determine a 

threshold level for initiation of additional control measures to 

prevent the economic Injury level from being reached. However, the ET 

is not related to the EIL In any dependable manner, due to locational 
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and temporal variability. However, fiducial Inference may again be 

useful In this situation. As there can be only one parametric or 

varietal Injury level, it is evident that the range of estimates for 

this level, obtained via the confidence interval, are the results of 

variability. As we do not know which value of the obtained range 

represents the varietal Injury level, it is possible that the real 

injury level of a particular field being scouted may be any one of this 

range* Hence, in order to eliminate any chance of the variability 

causing a decision error, the best choice of the decision maker is to 

act at the lowest possible level of likely economic injury that may be 

caused by variability. This lowest possible level is represented by 

the lower confidence limit of the confidence interval. 

There are several advantages In the above approach. Firstly, 

it is in agreement with the conventional EIL-ET concept, in that both 

an EIL (as represented by and an ET (represented by the lower con

fidence limit) are estimated* A graphical illustration of how the 

approach relates to the conventional approach is shown In Figs. lA and 

IB. Secondly, it eliminates the difficult task of monitoring and 

incorporating numerous variables in EIL-ET deduction, to a great 

extent. Further, it advocates curative action, at a threshold level 

beyond which there is a known high probability of economic damage 

occurring (Fig. lA). The word threshold itself may be implied here, as 

beyond the lower confidence limit the pest density enters a zone of 

economic damage (represented by the confidence Interval) where there 

exists a known high probability of economic damage occurring. It also 
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eliminates the indeterminate nature of the EIL-ET relationship, by 

considering a stable threshold which has only a small chance of being 

lower: 1 in 20 if 1- a is 0.95 (Finney 1980). 

Several basic assumptions are related to this approach* It 

does not consider post harvest variability, which is comprised mainly 

of socio economic variables. However, these variables are more easily 

modeled by economists as compared to the within field variables. 

Secondly, this approach is not related to methods which do not involve 

regression of pest density on yield loss. It is also Important that 

the optimum possible sample of fields is monitored within an agro-

ecological region, to eliminate sampling error. This is important as, 

contrary to opinions expressed elsewhere (Allen et al. 1972), although 

the confidence interval expresses error, the error of an estimator 

often represents a combination of inherent biological variability 

(sampling error) and experimental errors (non sampling error). 

Therefore, by eliminating experimental error as far as possible by 

proper techniques and sampling, it may be possible to isolate random 

effects of biological variability. Random effects of biological vari

ability may then be reduced by using an optimum sample size, so as to 

compute confidence Intervals that estimate the parameter closely. A 

further assumption Is that the variability within the area under con

sideration, should not be significantly different so that two crop 

situations may have to be considered as separate populations. 

ET estimations based on confidence limits do not contradict the 

dynamic economic level concept. Further, what is attempted in ET 
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estisiatlon based on fiducial limits Is not to obtain a magical number 

with 100 percent accuracy, but to estimate a general pest or damage 

level indicative of impending economic Injury with an acceptable, level 

of confidence. 
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Fig. 1. Schematic representation of the Economic Injury Level and 
the Economic Threshold, based on (A) a probable Economic 
Injury Zone and (B) an Economic Injury Level. 
(EIL) Economic Injury Level. (ET) Economic Threshold, 
(EP) Equilibrium Position. (EIZ) Economic Injury Zone. 

^ After Luckmann and Metcalf, 1975 



MATERIALS AND METHODS 

1982 Experiment 

Two field experiments were conducted at the Yuma Valley 

Experiment Station of the University of Arizona, during two consecu

tive summer seasons of April through October 1982, and March through 

October 1983. To facilitate comparison of plant and Insect data 

between years^chronology Is discussed In terms of weeks after planting 

(WAP) rather than In calendar dates. Appendix A provides a listing of 

the calendar dates for 1982 and 1983 corresponding to week after 

planting. 

Experimental Design and Techniques 

This study was part of a larger field trial conducted In four 

blocks, each divided into three main plots (T); each 12.20 m. wide and 

73.20 m. long. The three main plots were assigned three different 

irrigation termination treatments of July 29, August 13 and September 

10 (full season). Each main plot was then divided lengthwise into 

three sub plots (ST), each 4.06 m. wide and 73.20 m. long. These were 

assigned three different varietal treatments of Delta Pine ^ (DP)-61, 

DP-41 and DP-NSL. Each varietal sub treatment was further sub divided 

along the width into three sub-sub treatment (SST) plots of length 

24.40 m. and width 4.06 m., which were allocated three possible FBW 

29 
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infestation levels of '0~5' percent, '20-30' percent and 'unlimited' 

(Fig. 2). 

All four blocks were planted on April 08. All field 

operations including fertilizer applications, weed control and other 

crop production practices were conducted by the Yuma experiment 

station farm personnel. 

The insect and plant data required for the purpose of this 

study were obtained from the twelve plots representing three different 

levels of PBW Infestation. The DP-61 varietal sub treatment of the 

full season irrigation treatment was comprised of these twelve plots. 

Each plot was 24.40 m. long and 04 rows wide with 101.6 cm. row 

spacing (Fig. 3). 

Insect Data 

For the purpose of maintaining desired levels of either 0-5 or 

20-30 percent PBW infestations, the respective plots were treated with 

azlnphosmethyl (Guthlon at the rate of 0.5 lb. a.1./acre, either at 

five and a half-day intervals or when the infestations threatened to 

exceed the desired levels. Applications were made using ground 

equipment. The plots intended for unlimited Infestation were not 

treated. 

Commencing 21 weeks after planting (WAP), (August 26-

September 1) a sample of 25 susceptible bolls was picked from each 

Infestation level plot, in a total sample of 100 bolls from each 

infestation level. These bolls were opened, and examined for 

infestation by inspecting the carpal walls for mines, exit holes or 
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Fig. 2. Schematic of 1982 experimental field plots (B) illustrating their division into three 
different irrigation treatments (main treatment (MT)), three different cotton.varieties 
(sub treatment ST)) and three different infestation levels (sub sub treatment (SST)). 
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the larvae themselves. The number of Infested bolls was recorded. 

Other information with regard to infestation of bolls by the tobacco 

budworm and the beet armywonn was also noted. 

Adult activity of the PBW and the tobacco budworm was 

monitored using gossyplure baited Huber oil traps and the wire cone 

Hellothis traps, respectively. 

Plant Data 

On each of the two center rows of each plot, two l-meter 

sections of row were demarcated for the purpose of obtaining plant 

data including yield. In each 1 meter of row, stand was thinned to 

four plants spaced 0.25 an. apart. The four plants in one row were 

used for a detailed study of fruiting patterns, whereas the four 

plants in the other row were used to obtain yield information. 

Fruiting patterns. Of the four plants in the row selected to 

obtain fruiting pattern data, one plant was randomly selected for 

complete labelling of all fruiting structures at three~to seven**day 

intervals. On each day of labelling, all newly formed fruiting 

structures were labelled with paper marking tags, tied loosely around 

the pedicel. Each tag was marked with the date, developmental stage 

of the fruiting structure when labelled, malnstem node number of the 

corresponding fruiting branch and the position of fruiting structure 

on the branch. 
r 

The developmental stages of the fruiting structures were 

categorized as pinhead (ps), early (es), middle (ms) and late (Is) for 

squares; yellow (yf) and purple (pf) for blossoms; bract enclosed 
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(bb), small (sb), boll (b)» open (ob) and fully open (fob), for bolls. 

The criteria for the above categorization were subjective visual esti

mation of (a) the extent of petal exposure above bracts for squares, 

(b) color for blossoms, and (c) size, color and texture for bolls* 

On each day of labelling, the developmental stage of the 

previously labelled fruiting structures were recorded* All fruiting 

structures shed were collected, and the date of collection, develop

mental stage at shedding, and, when possible, the cause of shedding, 

were recorded. 

The remaining three plants in the row were monitored for 

weekly fruiting counts, where the total number of squares, blossoms 

and bolls on each plant were recorded separately. 

Yield estimates. The four plants in the second 1 meter row 

were harvested separately at the end of the season. The weight of 

seed cotton per boll was recorded and the bolls were classified as 

undamaged or FBW damaged. Yield per acre estimates were obtained from 

harvesting a separate 1 meter row, as well as from the two whole 

center rows, in each plot. Yields were expressed as bales of seed 

cotton per acre. 

Analysis 

Counts of squares, blossoms and bolls obtained from nine 

labelled plants in Block 1 were plotted on a time scale to obtain 

general fruiting trends for the season. Separate fruiting curves were 

fitted for squares, blossoms and bolls. 
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Percent boll Infestation per week was plotted on a time scale 

to obtain seasonal patterns of PBW infestation. As counts of Infested 

bolls in the experimental plots commenced at 19 WAP (August 12-18) 

earlier Infestation counts from the August 13 irrigation termination 

treatment were used to estimate the earlier infestation trends. 

Of the total bolls produced during each HAP, the proportion 

which made fully opened harvestable bolls was estimated from the plant 

data obtained from the 12 fully labelled plants. This estimate was 

used to compute the proportion contributed to the final yield at each 

crop stage (expressed as WAP). This enabled a productivity potential 

to be estimated for each WAP. A curve for the production of 

susceptible bolls was estimated by adding 14 days to each newly 

produced boll to estimate when it would reach susceptibility* 

The difference In weight of seed cotton between equal samples 

of damaged and undamaged bolls, obtained from 48 plants monitored for 

yield, was estimated for different sample sizes. This information was 

used to obtain a regression of the yield loss In g. seed cotton on the 

number of infested bolls* The yield estimates based on seed cotton 

per meter and seed cotton per plot were used to compute a regression 

of estimated plot yields, expressed in bales of seed cotton per acre, 

on g. seed cotton per meter row. 
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1983 Experiment 

Experimental Design and Technique 

The 1983 experiment was Intended to obtain a functional 

relationship between PBW damage to different crop stages and the 

resultant loss in yield. This would then be compared with the 1982 

study, which had been oriented more towards establishing a basic, 

total pest infestatlon-to-final-yleld-loss function. 

The DP-62 variety was planted In six experimental plots In a 

randomized complete block design, replicated four times, on March 23. 

Each experimental plot was 12.2 m. long and 10.15 tn. wide, consisting 

of ten 12.2 m. rows spaced 40 cm. apart. Between-plot distances were 

2.13 m. Within each replicate the plots were arranged alternately in 

a checkerboard design, which was intended to minimize plot to plot 

insecticide drift, as well as to isolate a large proportion of the PBW 

population of each plot, within the same plot limits. This field 

design leaves an empty area on all four sides of each plot (Fig. 4). 

Fast experience indicates that this arrangement has an Isolating 

effect on the PBW infestation in each plot, by confining chemical and 

other gradients of adult attraction towards the center of each plot, 

rather than outwards. This may induce the moths already within the 

plot to remain there rather than fly out to other cotton. Thus the 

plot arrangement would hopefully enhance the insecticide treatments 

designed to create different PBW infestation levels. 

All production practices and maintenance were conducted by the 

Yuma experiment station farm personnel* The crop was terminated at 
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Fig. 4. Schematic of 1983 field plots Illustrating the division of 
four experimental blocks (.B) Into the following three 
different insecticide treatment levels: 13 applications 
(P(13)), 5 applications (PC5)) and untreated CP(U)). 
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24 WAP by treating with a plant growth regulator (Ethrel ^ ) followed 

by two applications of a defoliant (DEF ^ ), and one application of a 

desslcant (paraquat ^ ) to force boll opening. 

Insect Data 

In order to create and maintain different PBW Infestation 

levels by selective Insecticide pressure, three different Insecticide 

treatment schedules were assigned to the experimental units. These 

schedules consisted of 13 applications at three-day Intervals, 9 

applications at five-day Intervals and 5 applications at twelve-day 

intervals. Applications were made, during the period commencing 10 WAP 

(May 25-31) and ending 19 WAP (July 27-August 2). The three remaining 

plots in each replicate were maintained as untreated controls for the 

purpose of obtaining a comparative assessment of the range of yield 

loss associated with untreated crops. Azlnphosmethyl at a rate 

equivalent to 0.5 lb. a.1./acre was used for all insecticide 

treatments. It was applied with a pressurized hand sprayer in one 

gallon of water per plot. 

Beginning at 15 WAP, random samples of all susceptible bolls 

per 0.5 m. of row were picked weekly from each plot. These bolls were 

then examined for the presence of PBW larva or for warts or mines on 

carpal walls indicative of infestation. Boll counts were continued 

until 20 WAP (August 3-9). Counts of 25 rosetted blossoms per plot 

were conducted until susceptible bolls were observed in sufficient 

numbers at 15 WAP (June 29-July 5). 
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Plant Data 

Fruiting Pattern* Four plants, one in each of the four 

center rows, were numbered In each plot with colored tape. All 

blossoms formed on each plant were tagged with paper marking tags 

dally on which the date was recorded. These blossoms were examined 

dally and the date of boll formation was recorded. The blossom count 

commenced at 12 WAP and continued until the 20 WAP. All bolls 

attaining harvestable boll stage were recorded. 

Yield Estimates. Yield estimates were obtained by harvesting 

a 1-meter row from the center of each plot. These estimates were used 

to compute plot yields expressed In terms of bales of seed cotton per 

acre. 

Analysis 

The proportion of tagged blossoms which produced harvestable 

bolls» thereby contributing to the final yield, was computed. This 

information was used to estimate the relative productivity of 

different crop stages In terras of the proportion of bolls contributed 

to the final yield at each WAP. 

The estimated yield In g. seed cotton per meter per plot was 

regressed on the total number of PBW-infested bolls per 0.5 meter of 

row per season per plot. In addition, a regression of percent 

Infested bolls per 8 meters of row on the absolute number of Infested 

bolls for the same row length was estimated. The association between 

larvae per 8 meters of row and the larvae per boll was graphically 

computed. 



BESULTS 

1982 Experiment 

Fruiting Patterns 

Two distinct fruiting periods were exhibited by the full-

season DP-61 cotton during the growing season (Fig. 5). The first 

period, as indicated by peak squaring and flowering, occurred between 

weeks 10 and 17 and the second between 19-29 WAP* Corresponding 

periods in boll formation were evident between the 13-18 WAP and the 

22-27 WAP, respectively. However, the first bolls were observed as 

early as 11 WAP In other cotton. A major proportion of the fruiting 

structures produced during the first peak was formed below the 20th 

malnstem node (Table 1). In general, a larger number of fruiting 

structures was formed during the second fruiting peak; however, a 

smaller proportion of these attained open, mature boll status. 

Estimated buildup of susceptible bolls, based on a two week 

moving average, is shown in Fig. 6. The number of susceptible bolls 

peaked initially during 15-16 WAP (July 15-28) and again during 26-27 

WAP (September 30-0ctober 13). These stages may therefore be critical 

in terms of damage by, and control of, the PBW in Indeterminate 

("Full Season") cotton varieties. The two periods of susceptible boll 

formation were 13-20 WAP (July l-August 25) and 24-30 WAP (September 

16-November 3). 

40 
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Table !• Percent fruiting structures produced by full season DP-61 
cotton at (A) different growth stages and (B) different 
plant positions 

Percent 

Weeks after planting 

10-19 

20-32 

Malnstem Node 

10 

10-20 

20 

(A) Growth Stage 

(B) Plant Position 

43.60 

56.40 

27.90 

34.70 

37.40 
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15 20 25 30 

WEEKS AFTER PLANTING 

Fig. 6. Trends of crop susceptibility to Pectinophora 
Eossypiella (PBW). infestation as indicated by (I) the 
number of susceptible bolls per ten plants, and (II) the 
degree of crop susceptibility iexpressed as the proportions 
of harvested bolls that were susceptible during 
successive weekly intervals, for DP-61 cotton. 
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Infestation Patterns 

Seasonal Infestation patterns, based on the percentage of PfiU-

infested bolls collected per week, are shown In Fig. 7. Available 

data Indicate that the initial fruiting peak largely escaped a heavy 

Infestation, in both treated and untreated cotton. Weekly Infesta

tions In all plots did not exceed 30 percent until 17 WAF. Infes

tation levels of 50 percent and more were evident from 20 WAP onward 

in the untreated cotton. In treated cotton, infestations remained 

below 50 percent until 23 WAF or later. The second fruiting peak, 

occurlng from 23-28 WAF, was, therefore, Infested by larger numbers of 

PBW in all plots. Infestations of 98-100 percent were observed in 

untreated plots during 26 and 27 WAP, whereas infestation levels of 

80-85 percent were detected in the treated cotton during the same 

period. 

In plots In which PBW Infestations of either 0-5 or 20-30 

percent were planned, actual infestation levels ranged from 15-75 and 

20-85 percent, respectively. This indicates that the insecticide 

treatments used failed to maintain the desired level of infestation. 

Weekly Productivity 

The proportion of the final yield produced at each crop stage, 

as estimated by the proportion of harvestable bolls produced during 

each successive week after planting, is given in Fig. 8. In both 

treated and untreated cotton, a major proportion of the final yield 

was produced either during 13 and 14 WAF and 22 through 24 WAP. These 

crop stages jointly produced approximately 60 and 70 percent, 
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and (C) uncontrolled) 
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15 20 25 

WEEKS AFTER PLANTING 

Fig. 8. Estimated crop productivity expressed as proportion of 
harvested bolls produced at successive weekly intervals 
for "full season" DP-61 cotton. 
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respectively, of the final yield In both the untreated and the treated 

cotton* It may be noted that certain crop periods such as that from 

16-20 WAP did not make any significant contribution to the final 

yield. An estimate obtained from a pooled sample of both treated and 

untreated cotton indicated that in general about 60 percent of the 

final yield was produced either during 13-14 WAP or 22-24 WAP (Fig. 

8). Approximately 41 percent of the total yield was produced during 

11-15 WAP of the first fruiting peak, and 56 percent of the total 

yield was produced between 21-32 WAP of the second. 

As newly formed bolls may be expected to reach susceptibility 

to PBW infestation within approximately two weeks, the yield produced 

during each stage was advanced by 2 weeks to obtain the proportion of 

yield which would be susceptible to PBW damage (Fig. 6). Results 

indicated that approximately 60 percent of the crop would be 

susceptible to PBW infestation during 15-16 WAP and 24-26 WAP. This 

agreed closely with the peaks of susceptible boll Increase, which were 

estimated separately (Fig. 6). 

Yield Loss - Infestation Function. 

The regression of yield loss, in g. seed cotton, on the number 

of Infested bolls is given In Fig. 9. The regression was significant 

(P< 0.05; t = 4.325) with a best fit of 2.28 + 1.68 for the slope. 

This Indicates a range of loss from 0.60 -3.96 g. of seed cotton per 

Infested boll, at the 95 |}ercent level of reliability. Similar ranges 

were estimated for reliability levels of 80, 90, 98 and 99 percent 

(Table 2). 



NUMBER OF INFESTED BOLLS 

Fig. 9. Regression of the decrease in seed cotton per sample 
on the number of bolls infested by Pectlnophora 
gossyplella for full-season DP-61 cotton. 
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Table 2. Estimates for the loss of seed cotton per Infested boll 
based on the lower confidence limit (LCL), the regression 
coefficient (b) and the upper confidence limit (UCL), for 
the regression of loss of seed cotton on the number of 
Infested bolls at different reliability levels. 

Reliability (error) Loss In seed cotton (g) 

LCL b UCL 

0.80 (0,20) 1.42 2.28 3.14 

0.90 (0.10) 1.04 2.28 3.52 

0.95 (0.05) 0.60 2.28 3.96 

0.98 (0.02) 0(-0.1)l 2.28 4.67 

0.99 (0.01) 0(-0.8)i 2.28 5.36 

1. All negative estimates are considered as zero loss. 
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The estimated yield in bales/acre, as related to g. seed cotton 

per meter of row, is given in Fig. 10. Estimated bales of seed 

cotton/acre were significantly related to g. seed cotton/row meter 

estimates (P< 0.05; t ° 6.5) with a best fit of 0*00416 0.00142 for 

the slope. This indicated that a range of 179.21-364.96 g. seed 

cotton/row meter would be equivalent to a bale of seed cotton/acre, 

with a 95 percent level of reliability. Similar ranges were estimated 

for reliability levels of 80, 90, 98 and 99 percent (Table 3). 

Injury - Threshold Levels. 
N 

Estimated ranges for the loss in g. seed cotton/infested boll 

and g. seed cotton/meter of row equivalent to 1 bale/acre were 

combined to estimate the number of infested bolls/meter of row 

equivalent to a loss of 1 bale/acre of seed cotton (Table 4). At the 

0.95 level of reliability, three categories of seed cotton loss per 

infested boll were estimated from the lower confidence limit (0.60 

g.), the regression coefficient (2.28 g.) and the upper confidence 

limit (3.96b g.). These three categories of loss may be attributed to 

light, moderate and heavy infestations of the PBW, respectively. At 

the same reliability level, estimates of seed cotton/meter of row 

equivalent to 1 bale of seed cotton/acre were 179.2 g. (lower 

confidence limit), 240.4 g. (regression coefficient) and 364.5 g. 

(upper confidence limit). 

Based on the above criteria, best estimates of 105 (240.4/ 

2.28) bolls/meter/season for the injury level and 79 (179.2/2.28) 

bolls/meter/season for the threshold, were computed for a moderate 
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Table 3. Estimates for grains (g.) seed cotton row/meter equivalent to 
1 bale of seed cotton/acre, based on the lower confidence 
limit (LCL), the regression coefficient (b) and the upper 
confidence limit (UCL), for the regression of bales of seed 
cotton/acre on g* seed cotton/meter at different levels of 
reliability. 

Keliablllty (error) g. seed cotton/meter 

LCL b UCL 

0.80 (0.20) 304.87 240.80 198.41 

0.90 (0.10) 333.33 240.38 187.96 

0.95 (0.05) 364.96 240.38 179.21 

0.98 (0.02) 418.41 240.38 168.63 

0.99 (0.01) 469.48 240.38 161.55 
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Table 4. Best estimates for the range of Injury, the injury level and 
the threshold level for the loss of 1 bale/acre, for light, 

, moderate and heavy infestations of Pectlnophora gossypiella 
in full season DP-61 cotton at different levels of 
reliability. 

Reliability (error) Range of Injury Threshold 
Inj ury Level Level 

Infested bolls/meter/season 

Light Infestation^ 

0.80 (0,20) 139.7-214.7 169.4 139.7 
0.90 (0.10) 180.4-alll 231.5 180.4 
0.95 (0.05) 298.0-alll alll 298.0 
0.98 (0.02) alll alll alll 
0.99 (0.01) alll alll all! 

Moderate Infestation^ 

0.80 (0.20) 87.0-133.7 105.4 87.0 
0.90 (0.10) 82.4-146.2 105.4 82.4 
0.95 (0.05) 78.6-160.1 105.4 78.6 
0.98 (0.02) 73.9-183.5 105.4 73.9 
0.99 (0.01) 70.8-206.5 105.4 70.85 

Heavy Infestation^ 

0.80 (0.20) 63.2- 97.1 76.6 63.2 
0.90 (0.10) 53.4- 94.7 68.2 53.4 
0.95 (0.05) 45.1- 92.2 60.7 45.2 
0.98 (0.02) 36.1- 89.6 51.5 36.1 
0.99 (0.01) 30.1- 87.6 44.8 30.1 

1. Estimates above 300 bolls/meter are expressed as "all" 
bolls/meter. 

2> Light, moderate and heavy infestations are based on the lower 
confidence limit, the regression coefficient and the upper confidence 
limit of Table 2, respectively. 
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infestation at the 0.95 reliability level. A range of most likely 

estimates for Injury leading to a loss of I bale/acre was obtained as 

79 (179.8/2.28) to 160 (364.9/2.28) Infested bolls/meter/season. 

Similar estimates for Injury levels, thresholds and ranges of most 

likely injury levels for the loss of 1 bale of seed cotton/acre were 

computed for lights moderate and heavy Infestations at reliability 

levels of 0.80, 0.90, 0.95, 0.98 and 0.99 (Table 4). Weekly estimates 

were computed from the seasonal estimates based on an effective boll 

formation period of 20 weeks (Table 5). 

1983 Experiment 

Fruiting Patterns 

The Increase of susceptible bolls, based on counts of all 

susceptible bolls/11 m. of row, is shown in Fig. 11. The observed 

period of susceptible boll formation ranged from 15-20 WAF, with the 

peak number of susceptible bolls occurring during 16-18 WAP. This 

observation agreed closely with the peak susceptible boll formation 

period of the first fruiting peak in the full-season cotton of 1982 

experiment. It Is Important to note that only one peak of fruiting 

was observed in 1983, as the cotton was not maintained as a full-

season crop. 

Infestation Patterns 

The pattern of infestation in both insecticide-treated and the 

untreated cotton plots is shown in Fig. 12. The untreated cotton 

showed significantly higher infestation levels as compared to 
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Table 5* Threshold levels for the loss of 1 bale seed cotton/acre, 
estimated as Infested bolls/meter for light, moderate and 
heavy infestations of Pectlnophora gossyplella at different 
levels of reliability; both (A) seasonally and (B) weekly. 

Kellabllity (error) Light Moderate Heavy 

Infested bolls/meter'*' 

(A) Seasonal 

0.80 (0.20 139 87 63 

0.90 (0.10) 180 82 53 

0.95 (0.05) 298 79 45 

0.98 (0.02) all! 74 36 

0.99 (0.01) alll 71 30 

(B) Weekly 

0.80 (0.20) 7 4 3 

0.90 (0.10) 9 4 3 

0.95 (0.05) lA 4 2 

0.98 (0.02) alll 4 2 

0.99 (0.01) alll 4 2 

*A11 real values are rounded to the closest integer. 

1. Estimates above 300 bolls/meter/season and weekly estimates 
based on them are considered as all bolls/meter. 
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Fig. 11. Trends of crop susceptibility to Pectinophora gossypiella 
(PBW) as indicated by (I) the number of susceptible bolls 
per 11 meters of row, and (II) the degree of crop 
susceptibility expressed as the proportion of harvested 
bolls that were susceptible during successive weekly 
intervals for DP-62 cotton. 
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Fig. 12. Trends of Pectlnophora gossyplella (PBM) Infestation 
as Indicated by (I) percent infested bolls per all bolls 
in 2 row meters, and (II) the degree of crop suscepti
bility expressed as proportion of harvested bolls that 
were susceptible during successive weekly intervals for 
DP-62 cotton. (Insecticide treatment levels shown are 
(A) 5 applications, (B) 13 applications and (C) untreated) 
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Insectlclde-treated cotton from 13-17 WAP (Table 6)* This Indicates 

that the insecticide applications were effective in maintaining sig

nificantly different infestation levels in the different plots. No 

significant differences were observed between the untreated controls 

(Table 6B). Infestations in the untreated cotton ranged from 19 to 52 

percent, whereas infestations in cotton which received 13 applications 

ranged from 1 to 4 percent. Cotton which received an intermediate 

treatment level of 5 insecticide applications, sustained infestation 

levels ranging from 1 to 19 percent, during the same growth period. 

However, all infestations showed a decline during early July (15-16 

WAF). This agreed closely with obseirvations of Slosser and Watson 

(1972). 

Infestation levels In all treatments Increased rapidly from 18 

WAP onwards, reaching A6-58 percent in the untreated plots, and 14-20 

and 17-30 percent, respectively, in cotton which received 13 and 5 

insecticide applications. However, examination of all harvested bolls 

In a 16 plant sample per treatment Indicated that, at harvest. 

Infestations had reached 94-96 percent In the untreated cotton, and 

34, 49 and 74 percent, respectively, in the cotton which received 13, 

9, and 5 applications (Table 6C). 

In both treated and untreated cotton, the Increase in PBW 

infestations corresponded closely with the crop stages (16-18 WAP) 

during which a maximum proportion of the yield was susceptible (Fig. 

12). However, in the treatment levels which received 13 and 5 
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Table 6* Yield and infestation data for treated and untreated DP-62 
cotton in 1983* 

Treatment (A) Seed cotton^ (B) Infested bolls^ (C) % Infested^ 

Level yield /0.5 q./season boll8/16 

(Bales/acre) plants 

13 applications 1.53 a 5.00 a 34.43 a 

09 applications 1.26 ab 6.75 ab 49.01 a 

05 applications 0.95 b 14.25 b 74.54 b 

Untreated I 0.34 c 27.00 c 94.53 c 

Untreated II 0.21 c 40.25 c 94.92 c 

Untreated III 0.15 c _1 96.17 c 

1. Insufficient data. 

2. Treatments followed by a common letter are not significantly 
different as detexmined by the Duncans Multiple Range Test. 
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insecticide applications (Figs. 12A and 12B), the rate of Increase was 

much less than that in the untreated cotton (Fig> 12C). 

The percentage of infested bolls per 8 meters of row, was 

significantly related to the absolute number of infested bolls per 8 

meters (Fig. 13). However, only 67 percent of the variability In 

percent counts was explained by the variability in absolute counts. 

This may indicate that percentage estimates are not entirely reliable 

as an index of damage when compared to absolute damage. 

The Increase in the number of larvae per boll and the total 

number of larvae per 4 meters of row are shown in Fig. 14. The 

results indicate that the number of larvae per boll did not correspond 

to an increase or decrease in the total number of larvae per 4 meters 

when the latter numbers were low. 

Weekly Productivity 

The proportion of the final yield produced at each crop stage, 

estimated as the proportion of harvestable bolls produced at each WAP, 

is given in Fig. 15. The results, based on a 48 plant sample, closely 

agreed with those of the 1982 experiment in that approximately 57 

percent of the final yield was produced during 14-16 WAP. This may 

further indicate that the crop stages of 14-16 WAP may be important in 

terms of crop productivity. These stages may, therefore, require 

greater protection from pests which may affect young bolls. 

Approximately 43 percent of the yield was produced jointly during 

12-13 WAP and 17-25 WAP. 



INFESTED BOLLS 

Fig. 13. Regression of percent infested bolls on infested bolls 
per 8 row meters for DP-62 cotton. 
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Fig. 14. Estimates for infestation patterns of Pectinophora 
gossyplella (PBW) on DP-62 cotton. (A) Larvae per 4 row 
meters and (B) Larvae per boll. 
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WEEKS AFTER PLANTING 

Fig. 15. Estimated productivity in proportions of harvested bolls 
that were produced during successive weekly intervals 
for DP-62 cotton. 
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In order to obtain an estimate of the proportion of the yield 

which would be susceptible to FBW infestation, the proportion of yield 

produced at each WAP was advanced by two weeks (Figs. 11 and 12). 

This indicated that approximately 57 percent of the yield would be 

susceptible to PBW damage during the period from 16-18 WAP. This 

observation was in close agreement with peak susceptible boll forma

tion period of 16-18 WAP, estimated separately (Fig. 11). These crop 

stages may, therefore, be Important in terms of chemical control of 

PBW in cotton, in which a short season Is either inherent or induced. 

Yield Loss - Infestation Function 

The yield in g. seed cotton/row meter showed a significant 

association with the number of infested bolls/O.S meter/season (t -

4.11 ; P <0.01), with a best fit of-5.82 ̂  4.48 for the slope (Fig. 

16). This indicated a range of loss from 1.43 g. to 10.30 g. of seed 

cotton/meter of row, per Infested boll/0.5 meter/season at the 99 

percent level of reliability. At 3989 row meters per acre, 453.6 g. 

per lb. and 1440 lb. of seed cotton per bale, this led to 15.87-121.95 

infested bolls/O.S meter/season, as equivalent to a loss of 1 bale of 

seed cotton per acre. These values led to 32 and 244 bolls/meter/ 

season, for the same loss in yield. Similar ranges were estimated for 

reliability levels of 98, 95, 90 and 80 percent (Table 7). 

Injury - Threshold Levels 

Injury levels and threshold levels were again estimated from 

the regression coefficient (b) and the lower confidence limit 



INFESTED BOLLS PER 0.5 ROW METER PER SEASON 

Fig. 16. Regression of g. seed cotton, per row meter on Infested 
bolls per 0.5 row meter per season for DP-62 cotton. 
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Table ?• Estimates for the loss in g. seed cotton/meter/season per 
infested boll/0.5 meter/season, based on the lower 
confidence (LCL), the regression coefficient (b) and the 
upper confidence limit (UCL), for the regression of g. seed 
cotton/meter/season on infested bolls/0.5 meter/season at 
different levels of reliability. 

Reliability (error) Loss in seed cotton 

g./meter/season 

LCL b UCL 

0.80 (0.20) 7.76 5.82 3.88 

0.90 (O.IO) 8.38 5.82 3.26 

0.95 (0.05) 8.97 5.82 2.67 

0.98 (0.02) 9.73 5.82 1.91 

0.99 (0.01) 10.30 5.82 1.3A 
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Table 8. Gstlnated threshold levels (Infested bolls/meter) for the 
loss of 1 bale of seed cotton/acre, for Infestation of 
Pectlnophora gossyplella on DP-62 cotton at different levels 
of reliability» for 1983; both (A) seasonally and (B) 
weekly. 

Reliability (error) Threshold level 

Infested bolls/meter 

(A) Seasonal^ (B) Weekly^ 

0.80 (0.20) 42 4 

0.90 (0.10) . 40 3 

0.95 (0.05) 38 3 

0.98 (0.02) 34 3 

0.99 (0.01) 32 3 

1. All real values are rounded to the closest Integer. 



68 

Table 9)« In addition weekly estimates were again computed on a boll 

fomatlon period of 12 weeks (12-23 UAF), which was shorter than In 

1982 (Table 8). 

Synthesis of 1982 and 1983 Experiments 

Although estimates based on light, moderate and heavy 

infestations of bolls, by the FBW, are presented for greater clarity 

in the earlier sections it is often not possible to categorize such 

infestations In the field due to practical reasons. Therefore, from 

the standpoint of the present study, averaged thresholds for a given 

loss in yield, based on the lowest possible injury level (lower 

confidence limit) may be preferable for general use. A best estimate 

for the injury level for each particular situation can be computed 

from the regression coefficient. Such estimates, as well as the range 

of possible Injury levels for each level of reliability, are given for 

both 1982 and 1983 studies (Table 9). These estimates were in close 

agreement. 
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Table 9. Estimates for the range of Injury, Injury level and the 
threshold for the loss of 1 bale of seed cotton/acre, based 
on the regression coefficient and the lowest injury level 
for 1982 and 1983, at different levels of reliability. 

Reliability (error) Bange of^ Inj uryl Threshold1 

Inj ury Level Level 

Infested bolls/meter/season 

1982 (DP-61) 

0.80 (0.20) 63-214 105 63 

0.90 (0.10) 53-all2 105 53 

0.95 (0.05) 45-all2 105 45 

0.98 (0.02) 36-all2 105 36 

0.99 (0.01) 30-all2 105 30 

1983 (DP-62) 

0.80 (0.20) 42-84 56 42 

0.90 (0.10) 40-102 56 40 

0.95 (0.05) 38-122 56 38 

0.98 (0.02) 34-172 56 34 

0.99 (0.01) 32-244 56 32 

1. All real values are rounded to the closest integer. 

2> All estimates above 300 bolls/meter are considered as all 
bolls/meter. 



DISCUSSION 

It Is evident that future validation of the results obtained 

In this study will be dependent upon the sampling method selected at 

that time, these results should also achieve the study's intended 

purpose; namely, preventing economic losses at the farm level* The 

results of the present experiments are In close agreement at the 

higher reliability levels. Hovrever, these preliminary results would 

have to be validated at the farm level through pilot projects. 

Sampling 

Sample Size 

Slosser et al. (1978) described the tagging of fruiting 

structures to enable detailed monitoring of cotton phenology. In the 

1982 experiment, tagging of all fruiting structures on sampled plants 

was useful to counter the small sample size. However, the effect of 

small sample size was evident, as histograms for weekly productivity 

of 1982 cotton showed considerable kurtosls at peak periods. In 1983, 

where larger samples were used, weekly productivity estimates 

approximated a normal pattern more closely. This indicates that 

weekly productivity may be expected to show a normal distribution with 

the mean located at peak productivity. However, the results of both 

studies Indicate that certain crop stages may contribute significantly 

more to the final yield than do others. 

70 
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The size of the samples used to estimate the effect of 

infestation on yield was not as large as one may desire* In 1982> 

samples of 5 and 12 were used for this purpose, whereas a sample of 12 

was used in 1983. However, the choice of sample size was based on 

both practical and accuracy considerations* 

Sampling Method 

At present, random sampling, leading to percentage estimates, 

is in use in Arizona for ET estimation for the FBW* The present study 

used sampling of whole rows leading to absolute estimates. This is 

essentially related to the point sample method described by Lincoln 

and Phillips (1979). It enables random sampling and has the added 

advantage of relating to any sample size used in the field. All 

susceptible bolls in a given length of row may be counted until the 

desired sample size is reached, after which the length of row involved 

can be measured, and the count reduced to an "infestation-per-row-

meter" estimate. In large fields, where several locations have to be 

sampled, it is possible to reduce each count to an infestatlon-per-

row-meter estimate, and then estimate a mean infestation per row-

meter for the total field. Such estimates may be used to compute the 

total number of infested bolls, as well as susceptible bolls, per 

acre. Therefore, absolute estimates of the pest infestation, as well 

as the susceptibility of the crop to infestation, may be obtained. A 

further advantage of using absolute estimates is that they are inde

pendent of plant density or row spacing. 
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In EI estimation, sampling may be expected to serve two main 

purposes, namely estimating population size and estimating population 

trend. Tanskll et al. (1976) discussed the merits and demerits of 

using absolute estimates as opposed to proportions or percentage esti

mates when damage Is used as an Index of Infestation* It appears that 

absolute estimates such as "the number of Infested fruiting structures 

per acre" may be more useful In EIL-ET estimation than estimates of 

percent Infestation, because the latter are dependent on the ratio of 

Infested bolls and the total number of bolls, per unit area. A dif

ference in percent Infestation in two different fields, therefore, . 

does not necessarily indicate a difference in actual Infestation or 

damage* For example, a count of 1000 Infested bolls/acre would Indi

cate a 50 percent infestation in a field which has 2000 bolls/acre, 

but only a 25 percent Infestation in a field which has 4000 bolls/ 

acre. Therefore, the loss in both fields would be equivalent (1000 

bolls/acre), although the percent Infestations were different. 

Similar difficulties may be encountered when percent estimates 

are used to predict population trends. However, in cotton these 

difficulties may be more serious for those estimates based on square 

or blossom counts than for those based on boll counts, or estimates 

between different fields rather than within the same field. Squares, 

blossoms and small bolls are subject to considerable natural shedding. 

Therefore, if the total number is reduced by shedding, estimates such 

as based on percent Infested squares may Indicate an Increase in 

infestation, even if the Infested number remained unchanged. Slosser 
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and Watson (1972) reported that percent infestation counts were not a 

reliable index of actual population trend* Their studies in Arizona 

indicated that percent infestation in blossoms as well as in bolls was 

not a reliable index of FBW population trends inside fruiting 

structures after mid'-August. 

Most bolls which reach the stage of susceptibility to the PBU 

are not subject to a high degree of shedding. ET estimation is mainly 

concerned with estimating the population trend within the fields 

rather than within the fruiting structures for a given crop situation. 

Therefore» percent infestation may be useful as an index of population 

trend within a field. Results of the present study indicate a 

significant correlation between absolute estimates and percent 

estimates of population trend. However, only 67 percent of the 

variability in percent counts were attributed to changes in absolute 

counts* 

Therefore, although percent counts may be acceptable, within 

limits, for predicting infestation trends of the FBW, it appears that 

absolute estimates may be preferable by reason of being reliable 

indicators of both the size and the trend of an infestation. 

Predicting the trend of an infestation is as important as predicting 

its size since EIL-ET estimation is related to Increasing infestations 

and not decreasing infestations. 

Sampling Unit 

Estimates based on counts of larvae are rarely used for 

assessing damage by the FEW. Slosser and Watson (1972) reported that 
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the mean number of larvae per Infested boll ceased to be reliable 

indicators of population trends in bolXs after mid-August in Arizona. 

The results of the present study Indicate that the mean number of 

larvae per infested boll did not indicate either an increase or a 

decrease in the population at low Infestation levels* However, at 

high infestation levels, the mean number of larvae per boll showed 

fluctuations corresponding to those of the infestation level. 

In the present study, the units for indicating growth stages of 

the crop were expressed as weeks after planting. The use of weeks 

after planting helps to identify growth stages Irrespective of the 

planting date. It may be used to divide the crop calendar into equal, 

standardized and easily identifiable units for describing sampling 

frequencies, productivity of growth stages, and durations of 

infestation. 

Statistical Aspects 

Morris (1960) stated that the spatial and biological 

distribution of the parent population determines the underlying 

statistical distribution of field samples. The underlying 

distribution Is important for analysis of the data obtained from field 

samples, as well as for determining optimum sampling plans. Most 

Insect populations relate to the Poisson Distribution at low 

densities, but change Into one of the more contagious distributions, 

such as the negative binomial, as the population increases. 

Therefore, It may not be easy to develop a sampling plan based on a 

particular distribution, as the statistical distribution of the pest 
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population (and therefore the Infestation) may change over time, with 

growth of the pest and the crop* A further complication may be 

differences In the distribution at different levels of the crop 

canopy, as well as at different locations in the field. Therefore, as 

argued by Gilbert (1973), while it is often easy to show that a given 

sample does not obey Polsson distribution (not random), it is 

difficult to prove that it is not, say, distributed negative 

blnomially. It may take a sample of several hundred counts to 

distinguish between a negative binomial and a logarithmic type of 

distribution. When such large counts are obtained, they often do not 

conform to any of the standard distributions. Therefore, it is 

difficult in practice to identify a particular distribution with any 

certainty in the field* Nor Is there much point in doing so, as a 

given distribution may arise in the field in several different ways. 

As sampling distributions of large samples approximate normality, by 

the Central Limit Theorem, many difficulties in sampling an underlying 

pest distribution may be countered by using large samples. 

The same argument holds for analyses based on field samples. 

Commonly used statistical tests such as t-, F-, and all assume 

that the residual variance is normally distributed. If this 

assumption is wrong the tests will wrongly assess the significance 

probability. However, as stated by Gilbert (1973), we may again rely 

heavily on the fact that many statistical methods do not go seriously 

wrong in the face of reasonable departures from normality. Means, 

regressions and t-tests are acceptably robust, provided that the 
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distribution of residual variance is unimodal, and is not badly 

skewed. 

A fact observed in the present study was that at very low 

levels of infestation, which is the case in the initial stages of pest 

establishment, destructive sampling by picking and opening susceptible 

bolls in small plots may have to be considered as a special case of 

sampling without replacement from a finite population. A further 

difficulty that may require consideration, is that in sampling 14-21 

day old bolls, it is possible to count bolls that were damaged in the 

previous week during an ongoing count, if sampling Is conducted at 

weekly Intervals. This may confuse estimation of population trends. 

Analysis 

Crop Phenology 

The results of both 1982 and 1983 experiments Indicated that 

certain growth stages contributed more to the final yield than did 

others. These stages were 13-16 WAP for the first fruiting peak of 

both 1982 and 1983, and 22-24 WAP for the second fruiting peak of 

full-season cotton in 1982. The same observations, when advanced by 

two weeks to simulate susceptibility to the PBW, indicated that a 

significant proportion of the yield may be susceptible to PBW 

infestation during 15-18 and 24-26 WAP. Therefore, these crop stages 

may be important in terms of pest management. However, this does not 

necessarily indicate that a change in economic levels should be 

considered. The loss in yield is similar for similar damage, 
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Irrespective of the crop stage at which the damage occurred. However, 

the potential of yield loss would be greater for a crop stage which 

produces more yield than for a crop stage which produces less yield* 

For example, a 100 percent infestation at a stage which produces 60 

percent of the yield may destroy 60 percent of the yield, whereas the 

same infestation would destroy only 10 percent of the yield at a crop 

stage which produced only 10 percent of the yield. Keerthisinghe and 

Watt (1981) observed that protecting the crop at certain growth stages 

critical to fruit production increased yields in rain-fed cotton. 

The prevention of a sudden increase in pest numbers may, 

therefore, be more important at the stage which produces more yield. 

An increase in the frequency of field monitoring for the pest, as well 

as ensuring effective control, may be more appropriate than changing 

the economic level. An increase in the quality and quantity of the 

produce per fruiting structure may counter the difference in numbers. 

However, as a weighted estimate of the loss of seed cotton per boll is 

considered In the present study, the difference in numbers may be 

considered as more important. 

Infestation Patterns 

The population dynamics of the FBW, as estimated from boll 

Infestation, appears to be associated with real time (time of the 

year), rather than with the fruiting patterns of the crop. In both 

1982 and 1983, the infestation level indicated a decline in the 

population in late June and early July (13-15 WAP), although a 

considerable proportion of susceptible bolls was available. The 
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population Increased again in late July and early August (17-18 WAP). 

Therefore, overall population growth may be related more to environ

mental factors, than to crop phenology. However, the rate of increase 

in infestation appeared to be related to the availability of suscep

tible bolls. 

Yield Loss - Infestation 

The methods used to estimate the yield-loss to infestation 

function were different for 1982 and 1983, although both led to 

Infested bolls/meter estimates. The objective here was to estimate 

economic levels indirectly on a per boll basis in 1982, and to 

subsequently validate such results with direct field estimates in 

1983. Therefore In 1982, Infested bolls/meter equivalent to a loss of 

1 bale of seed cotton/acre was indirectly assessed by estimating the 

loss of seed cotton/boll (X) and the amount of seed cotton/meter 

equivalent to 1 bale/acre (Y). Therefore, infested bolls/meter 

equivalent to a loss of 1 bale/acre was estimated as Y/X. In 1983, 

an attempt was made to validate the above estimate by directly 

relating field counts of Infested bolls/meter/season to loss of seed 

cotton in bales/acre. 

fiesults indicate that both studies yielded closely similar 

estimates of 30 and 32, and 34 and 36 Infested bolls/meter/season for 

the lowest possible injury level, with reliabilities of 0.99 and 0.98, 

respectively. However, the estimates were 45 and 38 at the 0.95 level 

of reliability, a difference of 7 bolls. The differences were even 

larger at the 0.90 and 0,80 reliability levels. This may be expected, 
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however, as any error tem Involved nay be magnified at the lower 

reliability levels. As different varieties, however close, were used, 

and as the 1982 crop was full season as compared to the short season 

1983 crop, differences greater than those observed may have been 

expected* However, any yield loss In cotton is the direct function of 

mean boll weight when total loss of bolls is assumed. Therefore even 

different varieties may yield similar estimates. Irrespective of other 

differences, if mean boll weights were closely similar* 

The method of analysis In 1982 was based on three categories of 

yield loss. The loss in seed cotton per boll was considered as being 

due to light, moderate or heavy PBW infestation of the boll. Graham 

(1980) observed that damage from PBW infestations may be directly 

related to the degree of infestation, and that the amount of damage 

for a given infestation may also be affected by other extraneous 

factors such as rainfall and humidity. Werner et al. (1982) reported 

that most bolls Infected lightly with one or two larvae may produce 

normal cotton except for consimied seed. In the present study, the 

lower limit for yield loss per boll estimated from the lower fiducial 

limit was considered to represent such a "light infestation" situa

tion. However, they further stated that more commonly one or more 

locks may be destroyed* Such a situation may be comparable to a 

moderate infestation with an average loss of seed cotton estimated by 

the regression coefficient. Slosser and Watson (1972) observed up to 

18 PBW larvae per boll, and Werner et al. (1982) reported that under 

unfavorable conditions, the entire infested boll may be secondarily 



80 

lost to rot* Such Infestations may be considered as heavy, and the 

upper limit for yield loss per boll observed in the present study may 

be considered to represent such a situation. 

However, under field conditions these situations are often 

inseparable and tend to overlap. As the infestations inside the boll' 

may increase with increasing population density, the infestations may 

change from light to moderate to heavy, as the population increases In 

size* A sampler in the field may not have time to categorize an 

infestation in such a manner, even if they could be separately 

recognized. 

Statistical Interpretation 

Statistical interpretation of the observed results are based on 

two considerations* Firstly, the sample size used to estimate a pest 

infestation at farm level has to be selected from a more or less 

fixed, narrow range. The choices are limited by a balance between the 

budget or income motivation of professional scouts, and the precision 

required to make a realistic decision* This was explained by Saktoe 

and Hubert (1979), who stated that, * * often accuracy considera

tions do not enter into the picture when determining sample size. 

This comes out because a fixed budget is allotted to the sample survey 

* . . This may also be technically acceptable as the Increase in 

precision beyond a certain sample size Is very small for large 

increases in sample size* Therefore as the error is related to the 

size of the sample used, it is evident that all decisions made using a 
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given sample size would be associated with an error tezm specific to 

that sample size* 

Secondly» when operating on a predetermined sample size* it is 

necessary to consider the effects of variability or random error which 

is invariably associated with it* The effects of this variability is 

reflected in the range of estimates obtained for the parameter by the 

fIducial interval. 

Karandinos (1976) stated that the confidence interval may be 

independent of the parental distribution, by the Central Limit 

Theorem» for large samples. Although samples of more than 30 are 

considered to be large, there is no universal number that qualifies a 

sample as large (Dr> Ted Chester,^ pers. comm.). For any sample size, 

the level of approximation depends on the particular distribution 

involved. 

In most commonly encountered cases, the fiducial interval and 

the confidence interval yield similar numerical values, although there 

are important theoretical differences between the two, and the results 

may be different in some cases (Sokal and Kohlf 1969). Many 

biologists and statisticians describe them together (Finney 1980, 

Spiegel 1975). The Important ramification of the fiducial interval 

for ET estimation may be that, given a sample which is representative 

of the population, there Is only a specified probability that the true 

parameter can be any value other than those specified by the fiducial 

^ Dr. Ted Chester, Assistant Professor, Statistical Support 
Unit, University of Arizona. Personal communication. 
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Interval* This Is different from the confidence Interval 

Interpretation which states that 1 -ex proportion of such confidence 

Intervals would contain the true parameter, with a 1 -a probability 

(Sokal and Kohlf 1969)* Therefore from the fiducial limit approach, 

the lowest possible value for the true parameter for a given 

reliability level Is provided by the lower fiducial limit. 

It Is Important, therefore, that the validity of experimental 

observations is dependent on using a sample which is representative as 

well as optimal. This would satisfy the above stated conditions. 

The estimates for the Injury level based on the regression 

coefficient were 105 and 56 for 1982 and 1983, respectively. As 

explained elsewhere (Keerthlslnghe, 1984), the large difference is 

once again a reflection of the fact that the regression coefficient 

based on a sample limited to the experimental area is not necessarily 

a good Indicator of the parametric injury level, when high variability 

is Involved. Therefore it is important to survey all possible values 

for the parameter including the upper and lower limits, before an 

action level could be determined. The lower limit may be preferable 

for an action level as It would eliminate most variability effects 

associated with the operational sample size. 

Application at the Farm Level 

Economic Losses 

One bale of seed cotton per acre is considered as the unit of 

yield loss for estimating Injury levels in the present study. 

M m 
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However, 1 bale per acre is not necessarily the economic loss for the 

experimental situations considered* The above unit was used mainly 

for convenience In computation. However, It Is evident that the 

Infestation level which may cause economic loss may be estimated from 

the Infestation which causes a loss of 1 bale/acre. 

The economic loss for a given crop situation, or grower. Is a 

variable related to many socio-economic criteria. These criteria 

Include, among others, the cost of control and the market value of the 

produce. Headley (1972) described economic loss as that loss In yield 

which exceeds the cost of preventing such loss In value. He identi

fied the Initial cost of producing a crop separately from the subse

quent cost of protecting It. He stated: 

. . .  o n c e  t h e  I n v e s t m e n t  o f  l a b o r  a n d  c a p i t a l  h a v e  b e e n  m a d e ,  
the farmer has incentive to protect this investment from the 
elements of nature such as wind, hail and pests. Therefore he 
will expend additional energy or additional capital to prevent 
pests from reducing the output, as long as the value of damage 
prevented exceeds the cost of resources required to control 
the pests. 

Therefore, if there were no pests to reduce the yield, the grower 

would not incur control costs. If there were pests, it would still be 

meaningless to control them unless the cost of their damage exceeded 

the additional cost of their control. In this context, therefore, 

economic loss for pest control purposes becomes a loss in yield 

exceeding in value the cost of controlling the cause of such loss. 

This restricts the frequency of control operations which may be 

undertaken. 
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The above concept of economic loss le not universally accepted. 
I ' ' • • • 

Norgaard (1976) observed that both existing and projected impact of 

control measures on the total agroecosystem should be considered In 

estimating economic losses. 

In spite of the views to the contrary. It may be possible to 

obtain approximate estimates for economic losses by using Headley's 

criteria as guide lines* Traditionally, the EIL-ET is viewed by 

entomologists as having four primary determinants. These are; (1) 

control costs, (2) crop market value, (3) proportionate Injury per 

individual pest and (4) the crop response to Injury (Stone and Pedlgo 

1972). As the last two determinants are biological in nature, the 

former two may be considered as the criteria related to economic loss* 

This also agrees with the definition of economic damage by Stern et 

al. (1959) "as the damage which warrants artificial control 

measures." 

Between-Farm Variability 

Field application of experimentally established ETs depends on 

three important criteria. Firstly, sampling should estimate the 

infestation in the field accurately. Secondly, the Infestation level 

which is estimated to cause economic loss (EIL) should actually cause 

the expected economic loss in the field (or at least in a majority of 

fields). Finally, control measures, when applied at the estimated ET, 

should prevent the Infestation from reaching the EIL. Therefore, if 

sampling is accurate, variability in either the infestation level 
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which causes economic loss (EIL), or In the threshold which grows into 

the EIL, may affect the practical value of the ET at the farm level. 

However, absolute accuracy or complete reliability is not 

practically expected* It may be acceptable If the infestation level 

which causes economic loss is not significantly different from one 

field to another. The same may be true for the threshold which 

develops into the injury level* Pitre et al* (1979) suggested that an 

error of 15-20 percent would be acceptable under field conditions* 

Therefore, if the experimental estimate for the EIL is 100 pests per 

acre. It may be acceptable if the EIL in a given field is between 

80-120 pests per acre. However, the error between the ET and the EIL 

may have to be smaller. 

Studies have indicated, however, that the variability actually 

encountered at the farm level may be much higher. As reported by 

Strickland, the accuracy of the thresholds, like other biological 

criteria, fluctuates in the range of 10-20% between larger 

agricultural zones, reaching levels as high as even 70% for individual 

fields (Tanskii et al. 1976). This may indicate that ETs and EILs 

estimated from experimental results confined to a limited area may not 

be entirely reliable for use at the farm level. The present study 

Indicated errors ranging from 37-100% in 1982, and 33-77% in 1983* 

However, considering the nature of FBW damage, which may range from no 

loss to total loss of seed cotton per boll, such large variability 

appears to be biologically inherent and unavoidable. 
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In view of such large field to field variability, Tanskii et 

al. (1976) discussed the importance of establishing a single averaged 

threshold over a large area. They stated: 

. . .  t h e  f o l l o w i n g  s t a t i s t i c a l  f e a t u r e  i n d i c a t e s  t h a t  i t  i s  
possible to apply thresholds of appreciable damage over large 
areas; the greater the area over which such a threshold 
applies, the more reliable it will be since it will 
incorporate many special cases. The situation is greatly more 
complicated as regards thresholds for individual fields, since 
each field is a special case and deviates greatly from the 
average thresholds of appreciable damage, 

and again, 

. . .  a  s i n g l e  a v e r a g e d  t h r e s h o l d  p o p u l a t i o n  o f  a p p r e c i a b l e  
damage by the bollworm of . . * for medium staple 
varieties and . . . for fine staple varieties may be 
recommended for all cotton growing zones of the USSR. 

Although the above account does not differentiate between the 

EIL and the ET, it is evident that a practical solution to account for 

variability between fields may be the estimation of a single threshold 

that is reliable for use in a majority of fields planted to the same 

variety. One such approach, the use of the lower fiducial limit as an 

estimate was used in the present study. However, it may be necessary 

to cover a wide variety of crop areas in Initial experimentation to 

obtain a sample representative of the variability Involved. 

Monitoring at the Farm Level 

Sterling and Pieters (1979) observed that: 

. . .  f e w  c u r r e n t  p e s t  m a n a g e m e n t  p r o g r a m s  u t i l i z e  a  s a m p l i n g  
technique with a known risk of making an erroneous decision. 
Pest managers claim to have always made decisions with a high 
level of reliability as they result in producer profits. 
However this does not mean that the correct decisions were 
made, as most decision errors have been covered by the crops' 
ability to compensate for peat loss, or by many applications 
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of chemical Insurance. Although most contemporary pest 
managers do not make decisions that often result In large 
producer losses (or they would not be In business), many 
erroneous decisions must be made that result in $10-50 per 
acre less than the potential profit that could be made with 
optimum sampling methods tied to accurate ETs. 

Future Prospects and Conclusions 

The current emphasis in decision making for pest management 

tends towards the systems analysis approach based on computer 

modeling. This Involves visualizing all possible situations» and 

their various combinations, which may affect a pest level and its 

effect on a crop, and incorporating them in simulation and 

optimization models. This may appear to be practically unfeasible 

even if only the key variables are considered. A decision can be 

made for a particular situation only when a feed back system providing 

all necessary Infoimatlon from each actual situation is made 

available. A generalized infoimatlon source over large regions may 

not be adequate as the field to field variability Involved is very 

high. Huffaker et al. (1978) discussed the merits and demerits of 

systems analysis in relation to decision making In pest management. 

They stated: 

. . . because of the large effort required to obtain such 
Information for each combination of variables and for each 
strategy or tactic only a few alternatives can be examined 
.... when we consider the full range of alternatives that 
potentially could be used in pest control, the number of 
different tactics and strategies can be very large .... we 
are the first to admit that only a small proportion of the 
total sophistication necessary in research will be practical 
for farm by farm use in dally decision making. 
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The statistical approach on the other hand simplifies this 

situation by monitoring only the end result of all variability in an 

individual situation. For example, the final "yield loss-pest level" 

function for a given field is the end result of all variables 

affecting it* Therefore it is possible to estimate the effects of all 

possible variables and combinations without measuring than 

individually by estimating the end results and their variability from 

field to field. The only necessary requirement here is to obtain a 

sample which is representative of the majority of the situations. 

However, a major objection to this approach may be that if all 

possible variability is indeed considered, the level for action may be 

so low as to encourage prophylactic treatment. After all, the most 

convenient way to eliminate effects of all variability is to take 

control action as soon as pests are visible, thus eliminating the risk 

of sustaining damage. However, as the present study indicates, this 

is not necessarily so, as often a 100 percent reliability is not the 

objective in EIL-ET estimation. Therefore, it may be possible to 

obtain useful EIL-ET estimates by incorporating such a statistical 

approach with systems analysis. 



SUMM/VKT 

Yield losses associated with infestation levels of the pink 

bollworm, Pectinophora•gossyplella (Saunders), were studied on 

Irrigated short-staple cotton, in 1982 and 1983> The studies were 

conducted during the period from March to October. Closely related 

varieties of DP-61 and DP-62 were used*- Estimates of Infested 

bolls/meter/season were compared with estimated bales of seed 

cotton/acre, for each of a series of field plots* 

The phenology of the crop and the patterns of infestation were 

also studied. All fruiting structures on selected plant 

samples were tagged for this purpose. 

The coefficients for the regression of bales of seed 

cotton/acre on infested bolls/meter/season were used to estimate the 

Injury level for the loss of 1 bale of seed cotton/acre. The 

estimated Injury levels were 105 Infested bolls/meter/season In 1982 

and 56 Infested bolls/meter/season In 1983. The fiducial Interval for 

the coefficients of the above regression was used to obtain the range 

of all possible values for the estimated injury levels. The 

variability associated with the injury levels ranged from 37-100% in 

1982 and 33-77% in 1983. 

The lowest possible Injury levels for the loss of 1 bale of 

seed cotton/acre were estimated from the limits of the above fiducial 

Intervals. The lowest possible injury levels ranged from 30 to 63 
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Infested bolls/ioeter/season In 1982, and 32 to 42 Infested bolls/ 

meter/season In 1983, for reliability levels frotn 0>99 to 0.80, 

respectively. These lowest possible injury levels are the suggested 

single averaged thresholds for Initiating action to prevent a loss of 

1 bale of seed cotton/acre. 

It was also observed that certain growth stages of cotton 

produced more yield than others. Therefore, more yield may be 

susceptible to this pest during 15-18 weeks after planting and also 

during 24-26 weeks after planting when there is a second fruiting peak 

as in full-season cotton. These growth stages nay therefore be 

important for management of this pest. Only 67% of the variability in 

percent estimates of infestation were explained by variability in real 

Infestation. 



APPENDIX A 

CALENDAR DATES CORRESPONDING TO WEEKS AFTER PLANTING 
FOR 1982 AND 1983 

Week After Planting Calendar Date (Month/Day) 

1982 1983 

1 1/8 - 4/14 3/23- 3/29 
2 4/15- 4/22 3/30- 4/5 
3 4/22- 4/28 4/6 - 4/12 
k 4/29- 5/5 4/13- 4/19 
5 5/6 - 5/12 4/20- 4/26 
6 5/13- 5/19 4/27- 5/3 
7 5/20- 5/26 5/4 - 5/10 
6 5/27- 6/2 5/11- 5/24 
9 6/3 - 6/9 5/25- 5/31 
10 6/10- 6/16 5/25- 5/31 
10 6/17- 6/23 6/1 - 6/7 
12 6/24- 6/30 6/8 - 6/14 
13 7/1 - 7/7 6/15- 6/21 
lA 7/8 - 7/14 6/22- 6/28 
15 7/15- 7/21 6/29- 7/5 
16 7/22- 7/28 7/6 - 7/12 
17 7/29- 8/4 7/13- 7/19 
18 8/5 - 8/11 7/20- 7/26 
19 8/12- 8/18 7/27- 8/2 
20 8/19- 8/25 8/3 - 8/9 
21 8/26- 9/1 8/10- 8/16 
22 9/2 - 9/8 9/17- 8/23 
23 9/9 - 9/15 8/24- 8/30 
24 9/16- 9/22 8/31- 9/6 
25 9/23- 9/29 9/7 - 9/13 
26 9/30-10/6 
27 10/7 -10/13 
28 10/14-10/20 
29 10/21-10/27 
30 10/28-11/3 
31 11/4 -11/10 
32 11/11-11/17 
33 11/18-11/24 
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APPENDIX B 

DECREASE IN GRAMS OF SEED COTTON C0RBESP0NDIN6 TO THE NUMBER OF 
INFESTED BOLLS PER SAMPLE FOR DIFFERENT BOLL SAMPLES OF DP-61 COTTON 

Number of Bolls 
In Sample 

Number of 
Samples 

Welf^hc (grams) 
Undamaged Damaged 

Decrease 
in 

Weight 
(grams) 

Mean 
Decrease 

in 
Weight 

5 1 27,60 16.35 11.25 

2 21.50 19.50 2.00 

3 23.50 20.00 3.50 

4 23.10 13.48 9.62 6.59 

10 1 47.00 31.00 16.00 

2 40.40 17.90 22.50 

3 48.30 38.00 10.30 16.26 

20 1 107.80 57.20 50.60 

2 93.60 30.40 63.20 56.90 

30 1 150.00 60.00 90.00 

. 2 133.20 • 53.70 79.50 84.75 

40 1 187.60 103.60 84.00 

2 192.80 124.00 68.80 76.40 
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APPENDIX C 

PERCENT WEEKLY PINK BOLLWOFM INFESTATION ESTIMATED FRDM A 100 BOLL 
SAMPLE FOR DP-61 COTTON, FOR DIFFERENT ATTEMPTED INFESTATION LEVELS 

Weeks After Planting Percent Infested Bolls 

Unlimited 0-5% 20-30% 

13 5 — — 

14 - - -

15 8 - -

16 14 - -

17 30 20 _ 

18 27 24 22 

19 38 24 33 

20 57 12 13 

21 88 38 35 

22 - - -

23 87 56 53 

24 88 72 72 

25 99 56 66 

26 99 78 85 

27 100 71 66 

28 98 49 46 
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APPENDIX D. 

THE NUMBER OF INFESTED BOLLS PER 0.5 METER OF ROW PER SEASON AND 
THE CORRESPONDING GRAMS OF SEED COTTON PER ̂ ETER OF ROW PER PLOT 

FOR DIFFERENT INSECTICIDE TREATMENTS FOR DP-62 COTTON 

Treatment Number of Infested Bolls Grams of Seed Cotton 
per 0.5 Meters of Bow per Meter of Row 

per Season 

13 Applications 1 256 

2 245 

5 226 

12 254 

9 Applications 1 256 

7 175 

9 327 

10 67 

Untreated 22 22 

34 9 

35 13 

51 29 
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APPENDIX E. 

PESCENT INFESTED BLOSSOMS AND BOLLS PER 0.3 METER OF BOW PER SEASON 
IN DIFFERENT INSECTICIDE TEEATMENTS FOR DP-62 COTTON 

Weeks After Planting 

Blossoms 

Bolls 

13 

14 

15 

16 

17 

18 

19 

20 

Percent Infested Blossoms and Bolls 

per 0.5 Meter 

of Row per Season 

1 

1 

0 

0 

1 .8  

15.5 

11.0  

20.8 

4 

5 

0 

8.5 

22.2  

30.6 

31.1 

12.5 

13 Applications 5 Applications Untreated 

50.0 

26.0 

19.2 

25.6 

46.6 

57.7 

45.4 

56.9 
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