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PREFACE 

o chestnut-tree, great-rooted blossomer, 

Are yo~ the leaf, the blossom, or the bole? 

o body swayed to music, 0 brightening glance, 

How can we know the dancer from the dance? 

from "Among School Children" 

w. B. Yeats 
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ABSTRACT 

Lygus bug (~ Hahn) and predator (Chrysopa carnea Stephens, 

Geocoris, and Nabis) abundance and spatial distribution in production

managed, drip and furrow-irrigated cotton (Gossypium hirsutum L.) in 

central Arizona were compared during the early seasons of 1980-1983. 

Sweep net and drop cloth samples revealed lygus bug populations were 

established and reached pest status in drip-irrigated cotton 2-3 weeks 

prior to those in furrow. Several factors combined to make drip 

cotton more favorable than furrow for~: more dense plant popula

tions, taller plants, lower vapor pressure deficits within the plant 

canopy, and earlier availability of squares. Within furrow-irrigated 

cotton, lygus bugs and the percent ~-damaged squares were greater 

in areas of tall, dense plantings, primarily in areas distant from 

the ~ater source. In drip, damage was significantly greater than in 

furrow, and comparable in all field ares. Predator populations were 

not consistently greater under either irrigation system. Under 

furrow, Geocoris and ~ populations were greatest in areas of 

~ abundance. 

Morisita's index and Taylor's power law indicated a higher 

degree of aggregation in the spatial patterns of ~ and predator 

populations in furrow-irrigated cotton than in drip. The two indices 

agreed in magnitude and trend across the insects studied, but 

xii 



xiii 

Morisita's index was more frequently significant for contagion. 

Sweep net samples revealed a higher degree of aggregation than drop 

cloth. 

Taylor's coefficients were used to determine optimum sweep net 

and drop cloth sample sizes to evaluate ~ populations for pest 

management. The sweep net requires a greater sample size than the 

drop cloth to ensure a given level or precision, and more samples are 

required 'in- furrow-irrigated cotton than in drip. Based on percent 

damage and the relative variability of damage estimates, the number of 

squares examined for lygus bug damage should be comparable in all drip 

field areas, but twice as many should be examined in the furrow head

water as in the middle and tailwater. 

Extrafloral nectar volumes are greatest in leaves of the 

middle and top plant regions, and in the blossom and young boll stages 

of fruiting bodies. Irrigation timing and method affect nectar 

production. The effects of extrafloral nectar production phenology on 

insect distribution are discussed. 



INTRODUCTION 

Cotton production in the desert southwest requires irrigation 

to maintain high yields and profitability, and in Arizona, drip irri

gation has recently been adapted for commercial agriculture. This 

technological advance over the conventional, furrow system greatly 

reduces water usage and holds potential for enhancing plant 

productivity. 

In Pinal Co., Arizona, preliminary studies in small plots of 

cotton under drip irrigation revealed that levels of lygus bug infes

tation were unlike those in cotton grown under the furrow system. As 

~ are a key pest in Arizona during the early season, investigation 

of the effects of this new technology on the development of pest 

potentials was essential. 

Insect population abundance is a manifestation of interactions 

between the species and its effective environment. One requirement of 

sound insect pest management is the understanding of ways crop prod

uction practices affect insect population biology and ecology. In 

an agroecosystem, man manipulates numerous aspects of the pest's en

vironment, and any alteration of production practices can favorably or 

adversely influence the growth and propagation of insect pest 

populations. 

1 
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The effect of irrigation methods on ~ abundance and distri

bution in production-managed cotton was the subject of this research. 

Predator abundance and distribution, the availability of extrafloral 

nectar, and plant phenology were integrated into the investigation to 

evaluate their contribution to the establishment and maintenance of 

~-cotton relationships. A final concern centered around the 

implications of the drip production system for the sampling of lygus 

bug populations, since valid sampling techniques are essential for 

evaluating insect pest abundance, distribution, and proposing man

agement strategies. 



Life History and Biology 

LITERATURE REVIEW 

~ hesperus Knight 
(Heteroptera: Miridae) 

The genus ~ Hahn represents a group of economically imp or-

tant species collectively known as lygus bugs (Kelton 1975). There are 

43 known species: 34 in North America, 7 in Europe, and 2 in China. 

L. hesperus is widely distributed in the western United States. 

Although it has been recorded to feed on more than 100 plant species in 

25 families (Scott 1977), it is confined primarily to agricultural 

areas in the lower latitudes (Knight 1968 and Kelton 1975). This is 

the most abundant ~ species in Arizona cotton (Gossypium hirs~ 

L.), although ~. lineolaris (Palisot de Beauvois) and L. desertinus 

Knight are occasionally found (Werner, Moore, and Watson, 1979). 

L. hesperus is the most variable in color and size of any 

~, and can best be distinguished by the long rostrum which slightly 

exceeds the apices of the hind coxae (Knight 1968). Summer adults are 

5.3 to 6.5 mm (\ in), and have yellowish-green markings on the wings. 

Overwintering adults are similar in size and features, however the pro-

notum and hemelytra are slightly darker in males and pinkish in females 

(Kelton 1975). 

3 
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In warm climates, ~ hesperus pass the winter as active 

adults, feeding on weed hosts and cultivated crops (Stitt 1940 and 

Beards and Strong 1966). Overwintering adults pass through a short 

diapause, induced in the nymphal stage by a critical period of approx-

imately 13.5 hours of light (Beards and Strong 1966). Diapause is 

strongest during September, however the incidence decreases rapidly 

from late fall through January (Stitt 1940 and Beards and Strong 1966). 

Early in the spring, overwintering adults are abundant in al-

falfa; weed hosts in vine, fruit, and nut crops; and ditch-bank and 

roadside weeds that have germinated after winter rains (Stern 1976 and 

Fye 1980). As the weeds dry in late spring and cover crops are disked, 

lygus bugs migrate to other host crops. By early summer, populations 

have multiplied to large numbers (Stern 1969). At this time, alfalfa 

is being cut and other host crops are maturing. ~ adults migrate 

in large numbers to nearby cotton fields that have begun to square 

(Sevacherian and Stern 1974, 1975 and Stern 1976). Lush alfalfa in 

adjacent fields or interplanted in cotton is the highly preferred host. 

Lygus bugs usually do not leave, provided fields are irrigated and not 

stressed for moisture (Sevacherian and Stern 1974 and Rakickas and 

Watson 1974). 

Approximately 945 day degrees are required for development of 

o L. hesperus from egg to first egg (development threshold of 11-12 C), 

but generation time is estimated to be 1380 day degrees as the rate of 

egg deposition decreases as females age. At Davis, CA there are three 

generations per year (Strong et al. 1970). 



Cotton Pest Management 

~ feed by lacerating plant tissues with the stylets, 

secreting a watery saliva containing digestive enzymes, and then 

withdrawing liquified plant material (Strong 1970). The ability 

to inject plant growth regulators and specific toxins remains in 

question, however Scott (1970 and 1983) has reported phytostimulation 

in plants grown from bean and carrot seed fed upon by ~ hesperus. 

Feeding results in mechanical injury, plant wound response, and 

destruction of meristematic tissue. 

In cotton, localized wilting and tissue necrosis are evidenced 

as discoloration of the staminal column, sunken lesions, and shrunken 

anthers (Pack and Tugwell 1976 and Mauney and Henneberry 1979). 

Square abscission and poor boll retention have been associated with 

~ (Wene and Sheets 1964, Jubb and Carruth 1971, and Tugwell 

et al. 1976). Boll feeding produces small, black spots on the outer 

carpel wall, and damaged bolls may be abnormally small and have 

discolored lint (Pack and Tugwell 1976 and Tugwell et al. 1976). 

Plant growth patterns are often altered by feeding activity. Multiple 

stems, stem and petiole lesions, malformed terminal leaves (Ewing 

1929, King and Cook 1932, and Wene and Sheets 1964), swollen nodes, 

elongation of internodes (Dale and Coaker 1958), and increased plant 

height (Jubb and Carruth 1971 and Tugwell et al. 1976) have been 

attributed to lygus bugs. 

5 



The type of damage depends upon the size or age of the organ 

fed upon and the specific feeding site (Strong 1970). Most lygus bug 

damage to cotton is caused by fourth and fifth instar nymphs and 

adults, as the stylets of earlier instar nymphs are too short to 

penetrate to a depth that will cause shed (Strong 1970). ~ 

prefer "pinhead" and slightly larger squares (up to 10 mm) to older 

buds, small bolls, leaves, and stems (Strong 1968, Pack and Tugwell 

1976, Tugwell et al. 1976, and Mauney and Henneberry 1979). 

The timing of infestations and square shed due to feeding 

are critical to cotton productivity and yield. Damage to seedling 

cotton delays early squaring (Wene and Sheets 1964). Many growth 

and fruiting characters of the plant are established during the 

initial squaring period, and excessive shed at this time tends to 

favor vegetative growth. Conditions favoring maturity of a large 

number of later-produced squares may offset this loss (Wene and 

Sheet s 1964). 

6 

Cotton is most vulnerable to ~ damage during the fourth to 

sixth week of squaring (Tugwell et al. 1976). This is particularly 

true at peak square when many feeding sites are available and plants 

are no longer able to recuperate square losses. Falcon et al. (1971) 

however, reported sustained ~. hesperus infestation levels of greater 

than 10 per 50 sweeps during maximum bloom had little or no effect on 

yield and fiber quality. After late July, populations of 20-30 per 

50 sweeps did not result in decreased yields. In caged plants, boll 



feeding by ~ during late July and early August did not reduce 

yields of seed cotton and lint, however there was a significant 

reduction in fiber quality (Jubb and Carruth 1971). 

The early season is important not only to establishment 

7 

of initial fruiting, but also to management of key and secondary 

insect pests. Early season insecticide applications for ~ control 

often eliminate predators and parasites that suppress the bollworm 

(Heliothis ~ (Boddie)), cabbage looper (Trichoplusia ni (Hubner)), 

beet armyworm (Spodoptera exigua (Hubner)), spider mites 

(Tetranychus spp.) and other pests. Thus freed from natural enemies, 

these pests often increase in abundance and rise to pest status 

later in the season (van den Bosch et al. 1971). Understanding 

~ population dynamics and factors favoring their abundance in 

cotton during the early season are critical to maintaining high 

productivity and designing effective pest management programs. 

Response to Irrigation 

~ hesperus abundance varies in cotton grown under different 

furrow irrigation regimes and levels of nitrogen (Leigh et al. 1969 

and 1974). Leigh et al. (1974) reported that at a given time, lygus 

bugs were significantly more abundant in plots with optimum and 

greater than optimum irrigation than in those under dry conditions. 

Population growth tended to be greater in plots irrigated earlier 

(Leigh et al. 1969). With increased plant density, populations 



in cotton under dry, optimum, and wet irrigation regimes were 

comparable. Plots having the greatest Leaf Area Index and thus 

the largest plant canopy supported the largest ~ populations. 

Insect Spatial Distribution 

Under natural conditions, most insect populations are distri

buted in a clumped or non-random pattern (Waters 1959). Responses to 

the environment and other organisms increase the possibility that 

if one insect occurs in a sampling unit, others are also likely 

to be found in the same unit (Pieters and Sterling 1974). 

Aggregation is a combined response to resource availability, physical 

factors, and other organisms. It is a fundamental statistical and 

biological characteristic of insects, but is strongly influenced by 

features of the habitat (Waters 1959). The extent of clumping and 

changes in the level provide important information on population 

dynamics (Southwood 1978). 

Mathematical Models of Aggregation 

Several mathematical distributions have served as models 

to describe spatial associations. Population distribution can 

be determined by statistical agreement of the observed frequency 

distribution with expected values from a theoretical series of 

known characteristics. If insects are dispersed at random over 

the sample area, the population mean and variance are equal, and 

can be compared with Poisson expectations by calculating the Index of 

8 
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Dispersion (s2/x, Kuehl and Fye 1972 and Southwood 1978). If the 

Index of Dispersion is significantly higher than expected, the 

population is considered to be clumped or aggregated. The negative 

binomial has frequently been employed to describe this departure from 

the expectations of a random distribution. 

The negative binomial distribution is described by two 

parameters: the mean and the exponent k, which is a measure of 

the amount of clumping (Southwood 1978). To apply this model, 

sampling conditions must be strictly qualified as the value of k can 

differ with density, sample size, and life stage (Harcourt 1961, 

Morisita 1962, Taylor, Woiwood, and Perry 1978, and Willison and Young 

1983). The consistent, biological meaning of "k" has been questioned 

as some species have a constant value while others do not. Although 

the negative binomial provides excellent fit to some data sets, 

several biological models leading to the distribution are contradic-

tory (Taylor et al. 1978). 

Numerous indices have been devised to quantify aggregation by 

comparing the estimate of the population variance with that of the 

mean (Southwood 1978). Taylor (1961 and 1971) demonstrated that the 

ratio s2/x changes systematically and disproportionately with popu-

lation density. The variance is proportional to a fractional power of 

the mean: 2 -b s :::: aX Coefficient "a" is primarily a sampling factor, 

dependent upon the size of the sampling unit. Exponent "b" is a 

species characteristic that serves as an index of aggregation. It 

ranges from 0 for near-regular distributions through 1 for random 
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patterns, to infinity for those highly aggregated. The power function 

has provided an adequate model for the relationship between mean 

population density and its variance over many taxa, spatial scales, 

and sampling methods (Taylor et ale 1978). 

Morisita (1959 and 1962) questioned the validity of indices 

based upon the mean-variance relationship, as values are highly cor-

related with population density. Simpson's Index of Species Diversity 

(Simpson 1949) was adapted by Morisita (1959) to measure spatial 

distribution by the numbers of individuals per quadrat. The value 

of Morisita's index (I ) will range from less than 1 for uniform 
g 

distributions, through 1 for random distributions, to values in excess 

of 1 for aggregated distributions. This index is reported to be 

independent of distribution type, number of samples, and magnitude of 

the mean. 

The validity of I is dependent upon three assumptions. 
g 

First, the population is divided into sub-areas. In each sub-area, 

individuals are randomly distributed. Lastly, plots or samples are 

small relative to the size of sub-areas. These assumptions are quite 

restrictive except for instances in which sample units are physical 

entities such as single leaves or plants (Stiteler and Patil 1971). 

Taylor et ale (1978) stated that aggregation is a density-

dependent process, and spatial variance characterizes the behavioral 

response of organisms to each other. They insisted Morisita's index 

is based on the invalid assumption that aggregation is density-

independent. Morisita (1959) offered a method to determine index 



values significantly greater than those expected from a random 

distribution, however Stiteler and Pati1 (1971) established that this 

merely tested the mean/variance ratio. 

The spatial distribution patterns of biological populations 

incorporate two components: the basic unit of distribution (indiv

idual, colony, clump) and how such units are distributed within 

the habitat. Iwao and Kuno (1971) argued that aggregation indices 

cannot distinguish between these two components, and therefore 

are valuable only as relative measures. They presented ~ means of 

analyzing spatial distributions of organisms by determining the 

linear regression of mean crowding on mean density. From this 

relationship, the basic unit of contagion and the distribution 

of these units can be determined. 

Taylor et a1. (1978) noted Iwao's mean crowding model has 

serious limitations: the linear regression incorporates the mean 

into both axes, and thus is biased by inner correlation. The index 

of mean crowding assumes extremely limiting conditions. Lastly, 

the model is linear, whereas ecological processes are inherently 

multiplicative. 

Indices of species behavior are valid, basic ecological 

parameters as they measure the total interaction between a species 

and its environment (Taylor 1971). The relationship s2/x changes 

systematically and disproportionately with population density. 

This density-dependent behavior of organisms is a fundamental life 

process governing their spacing relative to neighbors (Taylor et 

a1. 1978). 

11 
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Patterns in Cotton 

Numerous studies have examined the distribution patterns 

of cotton arthropods. Kuehl and Fye (1972), Sevacherian and Stern 

(1972), Pieters and Sterling (1973), and Reilly and Sterling (1983) 

made use of the negative binomial and other mathematical distributions 

to model dispersion patterns. Generally speaking, most studies 

indicate pest populations are clumped. Predator populations have been 

reported as primarily in agreement with the Poisson distribution 

(Kuehl and Fye 1972) and aggregated (Pieters and Sterling 1973 and 

Reilly and Sterling 1983). Kuehl and Fye (1972) noted populations of 

low density agree with Poisson expectations, whereas higher population 

levels are most often distributed as a negative binomial. 

Pieters and Sterling (1974) compared quantification of 

aggregation by I and k of the negative binomial. There was general 
g 

agreement in magnitude between k and I. These results suggest 
g 

non-random patterns in predator and pest populations, however no 

statistical verification of significance was offered. Taylor's 

coefficients for several arthropod species have been calculated for 

the sweep net, D-vac, whole plant bag, and visual examination methods 

(Wilson and Room 1983 and Reilly and Sterling 1983). Most values of b 

were greater than 1, implying the species are characterized by clumped 

patterns. 

Using data from whole plant bag samples, Byerly et al. (1978) 

plotted mean crowding against density for Geocoris, ~, Nabis, and 

Orius. The i~tercepts of these regression lines were, in general, not 
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significantly different than 1, indicating the individual was the 

basic unit of contagion. The regression coefficients were significant 

for aggregation. Only for spiders did the authors find evidence of 

systematic, within-field variations in density. 

Spatial patterns tend to shift through time. The initial 

invasion of a species into a crop or area results in a random distri

bution which later becomes clumped (Sevacherian and Stern 1972). This 

initial randomness may be due to low numbers of the invading species. 

At low densities, random and aggregated distributions are not easily 

distinguished. To date, studies in cot~on have considered aggregation 

on a seasonal basis. Important information about the ecology of 

insect pests and predators can be gained by examining changes in 

spatial pattern with time and between cotton production systems. 



Extrafloral Nectar 

Production 

Extrafloral nectaries occur on the bracts, leaves, stems, 

and petioles of numerous angiosperm plants. Cotton bears four types 

of extrafloral nectaries: Circumbracteal, subbracteal, leaf, and 

unipapillate. Circum- and subbracteal appear on fruiting bodies as 

whorls of up to three. Subsequent to the first three true leaves, 

leaf nectaries are found on the abaxial surface of the mid-rib vein. 

Additional leaf nectaries may arise along major veins. Flower pedun

cles and leaf petioles bear microscopic unipapillate nectaries (Reed 

1917 and Mound 1962). Unlike floral nectaries which are active only 

on the day of anthesis, extrafloral nectaries continue to secrete 

nectar for several days (Tyler 1908). As extrafloral nectaries are 

not primarily associated with pollination, their function has been 

a matter of speculation. 

The amount of cotton nectar varies with source and time of 

day. Butler et ale (1972) collected maximum leaf nectar volume at 

0800. Volume decreased until 2300 when none was collectable. The 

total volume collectable increases to a maximum in late July, then 

decreases for the remainder of the growing season (Yokoyama 1978). 

Subbracteal nectar is the major component of the total extrafloral 

nectar produced (Adjei-Maafo and Wilson 1983a). 

Nectar soluble solids (primarily sugars) are highest in young 

plants, steadily decreasing with maturity. The relative proportions 

of principal ,sugars: glucose, fructose, and sucrose; remain constant 

14 
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throughout the season but vary with nectary source. Hanny and 

Elmore (1974) isolated 24 amino acids from Gossypium hirsutum extra

floral nectar. They reported a 0.4% level of nitrogen and the presence 

of a majority of amino acids essential for insect nutrition. 

The interplay of microclimate, weather, and the physiological 

status of the cotton plant affects nectar production. Butler et al. 

(1972) reported high correlation coefficients for nectar/plant vs. 

relative humidity and sugar/plant vs. relative humidity. Also rain

storms and high winds I'educed nectar volume. Yokoyama (1978) found 

trends in nectar production are not affected by the amount of leaf 

moisture or atmospheric humidity, but may be modified by irrigation. 

The dynamics of nectar proctlction and availability may be controlled 

primarily by physiological processes in the plant, as daily cycles 

parallel crop water deficits which progressively increase by day and 

recover at night (Hearn 1980). 

Significance for Pest Management 

Herbivorous and predaceous insects are often attracted to 

extrafloral nectaries, and mutualistic relationships have developed 

between ants and plants secreting extrafloral nectar (Bentley 1977 

and Stephenson 1982). Nectar may be important to insects as a feeding 

stimulus, but it also affects proper growth and survival (Maxwell 

1972). The availability of nectar enhances the longevity, oviposition, 

and fecundity of several cotton pests: Pink bollworm, Pectinophora 

gossypiella (Saunders), (Clark and Lukefahr 1956 and Huber et ale 

1977), cotton leafperforator, Bucculatrix thurberiella Busck, 



(Benschoter and Leal 1976 and Lingren, Henneberry, and Bariola 1980), 

and lygus bugs (Butler 1968 and Benedict et al. 1981). Behavioral 

studies indicate these insects regularly feed on extrafloral nectar. 

10 

Trelease (1879) first proposed that extrafloral nectar may 

attract and sustain natural enemies of insect pests. Geocoris pallens 

Stal longevity and development are enhanced by the presence of nectar 

(Lima 1980). Yokoyama (1978) suggested nectaries provide an alternate 

source of food for Orius tristicolor (White) and Q. pallens when 

prey densities are low, thus helping maintain effective predator 

levels. 

Extrafloral nectaries are present in all Gossypium species 

except Q. tomentosum Nutall, a wild tetraploid native to Hawaii 

(Meyer and Meyer 1961). Transferred to Q. hirsutum, the nectariless 

traiL has been shown to adversely affect the growth and development 

of numerous pests. When nectaried and nectariless cottons were 

compared in cages and small plots, populations of the pink bollworm 

(Wilson and Wilson 1976), bollworm and budworm (Heliothis ~ and 

~. virescens (F.), (Lukehahr, Martin, and Meyer 1965 and Davis, 

Ellington, and Brown 1973), ~ hesperus (Tingey, Leigh, and Hyer 

1975) and~. lineolaris (Schuster, Lukefahr, and Maxwell 1976), and 

cotton leafperforator (Benschoter and Leal 1976 and Henneberry, 

Bariola, and Kittock 1977) were significantly reduced in the 

nectariless lines. 

Schuster et al. (1976) and Henneberry et al. (1977) found 

fewer Chrysopa, ~, and other predatory species were sustained 



on nectariless vs. nectaried cotton. Meredith et al. (1973) however, 

reported no difference in populations of Geocoris and lady beetles 

(Hippodamia convergens Guerin-Meneville and Coleomegilla maculata 

DeGeer). The red imported fire ant (Solenopsis invicta Buren), 
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a predator of H. virescens eggs, was found to be significantly more 

abundant on nectaried than nectariless cotton, although egg predation 

was not significantly different between isolines (Agnew, Sterling, and 

Dean 1982). Adjei-Maafo and Wilson (1983b) stated populations of 

beneficial species in nectariless cotton were reduced to a greater 

degree than those of pest species. As plot size increased to a 

commercial scale, reductions in nectariless isolines decreased. This 

suggests results from small plot experiments may not be directly 

applicable to commercial plantings. 

Nectar resources are important in the spatial association 

between host plants of adult and larval checkerspot butterfly, 

Euphydras chalcedona (Doubleday). The number of offspring has been 

shown to be inversely proportional to the distance from nectar sources 

(Murphy 1983). For insects feeding through all life stages on the 

same host plant, temporal patterns of nectar distribution would 

be vital to studies of population structure and growth. 

Studies are needed to determine the influence of irrigation 

method on nectar availability and resultant effect on insect spatial 

distribution and population growth. Compared to the furrow system, 

cotton grown under drip irrigation receives more frequent water 
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application. The growing season-total amount of water applied however, 

is markedly less. The phenology and intensity of fruiting patterns 

differ in cotton grown under these two irrigation methods (Briggs, 

Maatoug, and Hofmann 1983). Effects of this change in management 

technique on nectar ecology must be assessed. 



MATERIALS AND METHODS 

For the purposes of this study, early-season was defined as. the 

period of cotton development from pre-square until two weeks past 

peak-square. 

Study Locations 

Furrow (1981) 

Studies were conducted several times weekly on a 12 ha (30 A) 

field located on Gila River Farms, Sacaton, AZ. The field was planted 

on 4/9/81 to Deltapine 41, after wheat. Soil type is classified as 

sandy, gravelly loam. The 0.97 m-rows (38 in) (N-S) were arranged in 

a 4 row planted, 1 row skip-pattern. Irrigation was applied in the 

furrows on 6/10, 6/25, 7/07, and 7/23. Fertilizer totaled 455-568 

kg/ha (400-500 lb/A) liquid nitrogen for the growing season. Insect

icides were applied on 6/26, 7/15, 7/23, and 7/25 for ~ and/or 

Heliothis. 

The field was divided into 20, 32-row sections. Each section 

was stratified into thirds, representing headwater (HW), middle (M), 

and tailwater (TW) areas. The section numbers were randomized by a 

random number table. One section was assigned to each. sample date. 

Inclusive dates of the study were 5/22/81-8/3/81. 

19 
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Drip and Furrow (1982) 

The dynamics of early season nectar production and insect abun

dance were compared in cotton grown under drip and furrow irrigation. 

All data were collected from 5/29/82-8/12/82 on two, 14 ha (35 A) 

fields located on Sundance Farms, Coolidge, AZ. Both fields are class

ified as sandy loam. Each field incorporated only one irrigation 

system. Both fields were planted to variety Deltapine 90, after 

cotton. Rows were 1.02 m (40 in) apart, with no skips. Row direction 

was N-S in furrow and E-W in drip. Both fields received the initial 

irrigation on 4/8/82. 

During the investigation period, water was applied to the 

furrow-irrigated field on 5/28, 6/07, 6/21, 7/05, and 7/19. In the 

drip-irrigated field, tapes were buried 15.2 cm (6 in) below the soil 

surface along the row center, and water applied every 1-2 days. Ni

trogen fertilizer totaled 170 kg/ha (150 lb/A) for the growing season. 

Insecticides for ~ were applied to the drip field on 7/04, 7/20, 

and 8/06; and to the furrow on 7/20 and 8/11. 

Drip and Furrow (1983) 

As in 1982, investigations were conducted in cotton grown under 

drip and furrow irrigation. All data were taken from two, 1.6 ha (4 A) 

plots of Deltapine 90 located on McKinney Farms, Coolidge, AZ. The 

drip plot was cotton-after-beets, and the furrow plot, cotton-after

wheat. The soil in both fields is a sandy loam. Both fields were in 

different locations than the ones studied in the previous year. 
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The drip plot was located within a 32 ha field (48 A). The 

plot spanned the entire emitter-terminus distance of the sub-surface 

water tapes. Tape depth and location were as in 1982. The furrow plot 

was located along the HW-TW gradient within an 18 ha field (45 A). 

Both plots were solid planted in 1.02 m-rows (40 in) (N-S), and first 

irrigated on 4/27-4/29/83. Fertilization was as in 1982. lnsecticid~s 

for ~ were applied to the drip plot on 7/25 and 8/21, and to the 

furrow plot on 8/17. 

Plant Growth 

Furrow (1981) 

Weekly plant growth data were collected in each area 

(HW, M, TW) from 10 "dominant" plants of average height and 

fruiting characteristics (30/week). The number of mainstem nodes 

(cotyledons=l), squares, flowers, young bolls, susceptible bolls, 

mature bolls, and old bolls were noted. A structure was classified 

as a square from the "pinhead" stage until the day of bloom, a 

blossom on the day of open bloom, young boll from pink bloom until 

bolls were approximately 2.5 cm (1 in), susceptible while carpel 

walls remained glossy and supple, mature when the boll had begun to 

harden and increase in diameter, and open when lint was visible. 

Percent dominant plants was determined in 10 replicates of 

4.2 m (0.004 ha or 0.001 A) in each area (30/field). In the HW, M, 

and TW areas, plant height was measured on three, randomly chosen 

dominant plants (9/date). 



Drip and Furrow (1982) 

Each week, mainstem nodes and fruiting structures were 

counted on all plants in four, 1.04 m (ca. 40 in) replicates within 

each field (ca. 0.004 ha or 0.001 A). Throughout the early season, 

plant height was assessed on three, randomly chosen dominant plants 

per field. To provide a constant basis of comparison, unbiased by 

HW-TW differences, all data were taken within a designated 0.4 ha 

block located near the center of each field. 

Drip and Furrow (1983) 
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Plots were stratified into sections 1-4 from HW (or drip emit

ter) to TW (or drip terminus). Plant growth data were taken on four 

replicates of 99.3 row-cm (39.1 in) (0.004 ha or 0.001 A). Each 

week, the height of three, randomly chosen dominant plants was noted 

for all sections 1-4 of both plots. Plant population and percent 

dominant plants were estimated in both plots on 7/21. In each of the 

four plot sections, four, 99.3 cm replicates (0.004 ha) were counted. 
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Insect Studies 

Furrow (1981) 

On each sample date, 10 drop cloth samples were collected in 

the HW, M, and TW (30/date). For each sample, two adjacent plants 

were vigorously shaken over a drop cloth and the dislodged insects 

placed in a vial of 70% methyl alcohol. 

From 6/15 until 7/15, whole plant bag samples were collected 

in the same section as drop cloth samples of that date. Fifteen 

dominant plants from each area were bagged and removed (45/date). 

The bags were 76.2 cm (30 in) organdy cylinders with a draw-string at 

both ends. The bags were collapsed around the plant base and labeled 

by area approximately 24 hours before samples were collected. At 

the time of sampling, the bottom string was pulled around the plant 

base, top string drawn, and the bagged plant severed near ground 

level. Both ends of the bag were sealed with a rubber band. The bags 

were removed from the field for processing. To inactivate the 

insects, bags were placed in steel drums containing ethyl acetate 

wicks. The top of the bag was then opened, and by grasping the bottom 

closure, plant and bag shaken into a funnel over a vial of 

70% methyl alcohol. 

Drop cloth and whole plant alcohol-preserved samples were 

stored and later counted under a dissecting microscope. The following 

were classified by genus as adult or nymph: ~ hesperus, L. 

desertinus, ~. lineolaris, Nabis alternatus Parshley, Geocoris 

punctipes (Say), Q. pallens, Colloes vittatus (Say), Sinea, ~, 



Chrysopa carnea Stephens, Orius tristicolor, and Spanagonicus 

albofasciatus (Reuter). 
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To negate edge effects, all data were taken from both inner 

rows and those adjacent to skip rows. Samples were collected during 

both maximum and minimum periods as noted in Extrafloral Nectar 

Ecology section. 

Drip and Furrow (1982) 

Between 0600 and 0800 on each sample date, 18 sets of sweep net 

and drop cloth samples were collected in one field (18 sweep net and 

18 drop cloth samples/date). Sample size reflected a relative varia

bility (S.E./X) of less than 20% for ~ means. Each sweep sample 

consisted of 50 pendular sweeps with a standard net along the top 

25.4-30.5 cm (10-12 in) of a row. Concurrently, a second person 

gathered drop cloth samples. These were conducted as in 1981, except 

1.04 m of row (ca. 40 in) constituted the sample unit. Both persons 

proceeded in a zig-zag pattern from sample positions 1-18. About four 

rows were kept between the samplers to insure that insects would not 

be displaced by the other person's activity. Sampiing was conducted 

along the row direction; each sample was separated by at least 15 rows. 

The contents of each 50-sweep and drop cloth sample were 

placed in a vial of 70% methyl alcohol and counted as in 1981. Any 

insects that escaped during the transfer process were noted if their 

identity had been determined. 
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Extrafloral Nectar Ecology 

Furrow (1981) 

These were preliminary studies designed as indicators of the 

most informative lines of investigation. To follow time-of-day and 

field area dynamics, nectar collection altet'nated from the times 

reported by Butler et ale (1972) as maximum (0700-1200) to minimum 

(1600-2000) on successive sample dates. Data were taken from 10 

dominant plants in each area (30/date). The direction of collection 

(HW-TW) was reversed on each date. 

Until mid-June, all leaf nectaries on each plant were scored 

as possessing negligible or collectable « 0.01 pL) volume, 

and nectar collected from leaves of the latter category. After 

mid-June, five leaves from bottom, middle, and top strata (15/plant) 

were scored for availability, and volumes determined on several middle 

and top leaves. Bottom leaves were from the basal half of monopodia, 

middle were mature but not thickened leaves several nodes behind a 

sympodial terminal, and top leaves were fully expanded leaves at least 

38.1 mm (1~ in) wide and three to five nodes below the mainstem or 

upper sympodial terminal. 

Two fruiting forms on all of the plants examined for leaf 

nectar were scored for the presence of subbracteal and circumbracteal 

nectaries and nectar; then sampled for volume. All nectar was 

collected by capillary action on a single nectary basis in 1, 5, and 

10 uL Drummond Microcaps © The pipettes were sealed with Critoseal ® 
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immediately placed in an ice chest, and kept chilled. Volumes were 

read at 2S.SoC withi~ 24 hours of collection. 

In mid-July the method was modified to better illustrate secre

tion patterns through the fruiting stages. As leaf nectar had greatly 

decreased in abundance, leaves after 7/14 were excluded from study. 

On 7/20, 7/27, and 8/3, five squares, blossoms, young bolls, 

susceptible bolls, and mature bolls were collected from the TW 

(25/date). All were scored as before. To qualify age within stage, 

squares were measured at maximum bract width, and bolls bisected to 

determine length and diameter. Additional squares were similarly 

studied on 7/2 and 7/3. These studies were conducted only during 

the maximum production period. 

To assess HW-M-TW variability in vapor pressure deficit, wet 

and dry bulb temperatures at canopy top and one-half canopy levels 

were determined for three dominant plants in each area (9/date). 

Temperature readings were made with a battery-operated, hand-held 

Psychrodyne @ psychrometer. Ambient wet and dry bulb temperatures 

were monitored by a Weksler Instruments recording hydro thermograph 

located at Gila Farm headquarters. 



Drip and Furrow (1982) 

Results of the previous year's study indicated the field 

mid-section was intermediate between the HW and TW in plant growth 

and nectar secretion. It was assumed the middle of the drip field 

would similarly average the range from emitter to terminus. All 
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data were gathered in the 0.4 ha block used for plant growth studies. 

The block was divided perpenducular to row direction into four, equal

sized, adjacent rectangles constituting a gradient along the direction 

of water flow. 

Findings from the previous year suggested most nectar was 

available in the mid and top leaf strata, and in early to middle 

fruiting stages. Therefore in 1982, bottom leaves and mature bolls 

were ignored. Only squares of maximum bract width greater than 

25.4-31.8 mm (1-1~ in) were included, as smaller squares were devoid 

of nectar. 

Sample sizes were adjusted to insure relative variability 

remained less than 20% of the mean. Accordingly, in the four 

replicates of the collection b~ock, the following were sampled: 4 

sets of 5 leaves in the top and mid strata, 4 blossoms, 4 young bolls, 

and 4 susceptible bolls. Sample totals per date were 80 leaves/top 

80 leaves/mid, and 16 of each age of fruiting structure. The 

block was sampled twice weekly in each irrigation mode from the 

initial presentation of collectable nectar until mid-August. 
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Collection procedures were similar to those used in 1981 

except 20 pL pipettes were also used, and volumes reported on a per

structure basis. After volume determination, pipettes were stored 

in a freezer. Once each week, all samples were analyzed for total 

soluble solids (sugars) at the USDA/ARS Carl Hayden Bee Research 

Laboratory in Tucson, AZ. Pipettes were allowed to attain room tem

perature (25.50 C), then centrifuged at 3,200 rpm for three min to 

sediment impurities. Percent soluble solids was read with a B&S 

pocket refractometer (+/- 0.25%) and a temperature correction applied. 

Contrary to observations made in 1981, initial squares and 

blossoms were almost totally devoid of subbracteal nectaries. As 

blooming progressed, other differences were apparent between Deltapine 

90 (DPL 90) and DPL 41 (1981) concerning nectar volume and avail

ability. To compare nectar dynamics in the two varieties, a drip 

and furrow-irrigated field of DPL 41 were included in the study. 

Comparisons were made from mid-July until mid-August using an experi

mental design identical to that described above for DPL 90. 



Lygus Damage 

1982 

Terminal squares were assessed for the presence of feeding 

damage. Each week, 10 replicates of 10, 6-12 rum (~-~ in) squares 
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were collected in each field (100/week). These were removed from 

fruiting positions at node 1 of fruiting branches arising from the 

base of the first and second expanded leaf below the apical bud. 

Mauney and Henneberry (1979) reported these positions as the preferred 

feeding site for lygus bug adults and nymphs. 

After collection, squares were placed in an ice chest, then 

later removed and examined under a dissecting microscope. Damage was 

scored on a presence-absence basis. Squares with puncture marks, 

damaged anthers, and other signs of ~-induced necrosis (Pack and 

Tugwell 1976) were.scored as damaged. 

1983 

Both fields were divided from HW (emitter) to TW (terminus) 

into five equal sections. Each week, two samples of 10 squares each 

were taken from sections a-e in each plot (100/plot/week). Squares 

were removed from the positions specified above. Methods of exam

ination and scoring we~e identical to those used in the previous year. 
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Statistical Analyses 

Plant Growth and Insect Abundance 

The significance of irrigation effects was established by 2-way 

ANaVA. Main effects were date and field area (1981), and date and 

irrigation method (1982 and 1983). Data from insect populations distri

buted as Poisson were transformed by (x + 0.5)~ prior to analysis. 

For populations determined significantly aggregated by either Morisita's 

or Taylor's index, the In(x + 1) transformation (natural logarithm) 

was applied. 

Lygus Damage 

A 2-way ANaVA was employed to determine field section differ-

ences in the level of square damage. Main effects were date and field 

section. Data from the drip and furrow plot were analyzed separately. 

~ All values were transformed as arcsin(% damaged squares). Duncan's 

Multiple Range test was applied to transformed field area means. Data 

were retransformed for presentation. 

Nectar Volume and Availability 

Furrow (1981). Significant field area effects were detected by 

2-way ANaVA. The maximum and minimum collection periods were analyzed 

separately. Nectar availability data did not require transformation as 

values were predominantly within the 20-80% range (Southwood 1978). 

Mean separation was accomplished by Duncan's Multiple Range test. 

Drip and Furrow (1982). The dynamics of extrafloral nectar 

production in drip and furrow-irrigated cotton were compared by 
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t-tests. The model's assumption of variance equality was met by 

performing an F test. When the test was significant (P<O.05), the 
max 

In(x) transformation was performed on data prior to analysis. Nectar 

volume/ha estimates were obtained by the conversion: 

vol/ha = (vol/structure)(structures/plant)(plants/ha). 

Vapor pressure deficit. Atmospheric humidity can be expressed 

in several ways. The most widely used parameter is relative humidity 

(RH), which expresses the degree of air saturation. It is calculated 

from the ratio: e/e, where e=water vapor pressure in the air and 
s 

es=vapor pressure of saturated air at that temperature. The magnitude 

of e is highly dependent upon air temperature and increases expo-
s 

nentially with linear temperature increments. Vapor pre~sure deficit 

(VPD) is the difference (mb) between actual vapor pressure (determined 

by the wet bulb depression) and saturation pressure at that 

temperature. 

Fop HW, M, and TW areas, differences in VPD at plant height and 

canopy were established by a t-test. Drip and furrow irrigation differ-

ences in plant cano~y VPD were also evaluated by at-test. 

Distribution 

Early season patterns. Morisita's index (Morisita 1959) and 

Taylor's coefficients (Taylor 1961 and 1971) were determined for ~, 

Chrysopa, Geocoris, ~, and cotton squares. 



32 

Morisita's index is given as: 

where n = total number of samples,l:x = grand total of all samples, 

andl:x
2 = sum of squares for individual samples. I departs signif

g 

icantly from random expectations when: F ~ F( 1 \' P<O.05. g - n-, 00, 

F = g 
I (D - 1) + n -Ex 

g 

n - 1 

2 
Taylor's coefficients (a,b) were estimated by regressing In(s ) 

against In(X) (natural logarithms): 

In(s2) = In(a) + b(ln X) 

Significance of the regression coefficient, b (aggregation index), 

was tested under the hypothesis: Ho: b = 1, Hi: b ~ 1. The cal

culated b values were compared with t (df = n-2), P<O.05, for a 

two-sided t-test. The 95% confidence intervals (S.E.) for a, b, and 

h l ' ,2 1 1 1 d t e Lnear regressLon r were a so ca cu ate • 

Patterns in time. To observe temporal trends in spatial distri-

bution, sweep net counts of ~ adults were used to calculate 

Morisita's index for each sample date. 
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Cluster maps of within-field distribution. Drop cloth (DC) 

and sweep net (SN) data (1982) were totaled by field position (1-18) 

and averaged over the early season. Positions with means up to and 

including one S.D. of the grand mean were assigned a "+". Means 

greater than one S.D. were assigned 'a "++". Conversely, means below 

the grand were "_" and " __ ", respectively. The results are 

illustrated by field maps. 

Estimation of the Relationship Between 
Sweep Net and Drop Cloth Samples 
of ~ Nymphs 

Using 1982 data, SN means were regressed on DC means. The 

following regression equation was obtained: SN = 0.015 + 0.89 DC, 

2 r 0.744, where SN = 50 sweeps with a standard net and 

DC 1.04 row-m. The y-intercept was tested under the following: 

Ho: a = 0, Hi: a ~ o. As the y-intercept was not significantly 

different than 0 (P<O.Ol), the regression line was forced through 

the origin. 

Sample Size 

Lygus and cotton sguares. Sample size comparisons were made 

between the SN and DC methods for ~ adults and nymphs. Estimations 

were made by substituting Taylor's coefficients in the following 

equation: 

a X b-2 



where N = estimated sample size; a, b = Taylor's coefficients; 

Z = upper a/2 of the standard normal distribution (1.96); and 

D = fixed proportion of the mean (0.10)(Wilson and Room 1983). 
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Additionally, sample size requirements were calculated for the dominant 

plant and row meter methods of determining the number of squares per 

plant. 

Percent Lygus-damaged terminal squares. To account for 

within-field differences in percent damaged squares, sample size esti

mates were compared on a proportional basis. For data expressed as 

percent, the appropriate equation to determine sample size is: 

N = q 

p 

where N = estimated sample size, Z = upper a/2 of the standard normal 

distribution (1.96); D = fixed percentage of the mean (10%); 

p = percent damaged squares; and q = 1 - P (Karanidos 1976). 

Both irrigation methods were analyzed separately. N was cal

culated for sections a-e along the water gradient, then averaged by 

section over all examination dates (n=9). Sample size ratios were 

based on these section means. 



RESULTS AND DISCUSSION 

Lygus Abundance, Plant Growth, and Phenology 

Furrow (1981) 

Cumulative population curves for lygus bug nymphs reveal 

the middle (M) and tailwater (TW) field areas were more favorable 

for oviposition than the headwater (HW) (Figure 1). Whole plant 

samples recovered few nymphs, but suggested populations were 

greatest in the M. Drop cloth samples presented a better picture 

of population increase. 

For analysis, the early season was divided into pre 

insecticide and post-insecticide initiation periods. Drop cloth 

(DC) and whole plant (Wp) samples indicated no statistical differ

ence among the HW, M, and TW in the early season abundance of ~ 

adults and nymphs (Table 1). In all cases but one, population 

means in the M and TW were greater than those in the HW. DC 

samples disclosed that during the pre-insecticide period, the mean 

number of adults was slightly greater in the HW. This may be due 

to the inefficiency of the DC method for collecting the highly 

mobile adults, as WP samples taken during the same period show a 

completely opposite trend. 
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whole plant samples. Furrow irrigation; 
Sacaton, AZ; 1981. 
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Table 1. Mean ~ populations (+/- S.E.) by field area. 

Pre-Insecticide 
(6/4-6/25) 

1/ 
Field Region 

P 2:./ n - HW M TW 

Adults 

DC '}) 11 0.6 0.4 0.4 NS 
(0.2) (0.2) (0.2) 

WP !::./ 3 1.0 1.0 5.7 NS 
(0.6) (0.6) (2.0) 

Nymphs 

DC 1.1 11 3.4 6.1 5.7 NS 
(0.5) (1.1) ( 1.8) 

WP !::./ 3 0 2.0 1.3 NS 
(1. 5) (0.9) 

11 Number of sample dates with ~ present. 

2:./ Results of ANOVA. NS=no significant field area effect. 

11 Mean of 20-plant total/date for drop cloth samples. 

!::.I Mean of 15-plant total/date for whole plant samples. 

Furrow irrigation; Sacaton, AZ; 1981. 

1/ n -

9 

3 

9 

3 

Post-Insecticide 
(6/26-7/28) 

Field Region 
HW 

0.3 
(0.2) 

0 

0.7 
(0.3) 

o 

M 

0.6 
(0.2) 

0 

0.4 
(0.2) 

0.7 
(0.3) 

TW 

0.7 
(0.4) 

0.6 
(0.4) 

0.8 
(0.4) 

o 

P 2:./ 

NS 

NS 

NS 

NS 

Vol 
--.J 



Plant populations in the M and TW were greater than those 

in the HW (Table 2). 

Table 2. Percentage dominant plants and plant population 
(+/- S.E.) by field area. Furrow irrigation; 
Sacaton, AZ; 1981. 

Dominant plants 1/ 

No. of plants/0.004 ha 

R.V. plant density I/ 

HW 

60.2 
(5.0) 

45.0 
(3.8) 

8.5 

1/ in %. n=10 replicates of 0.004 ha. 

I/ Relative variability (S.E./X)100. 

M 

62.0 
(4.4) 

59.6 
(3.5) 

5.9 

TW 

63.0 
(2.8) 

60.2 
(2.3) 

3.8 

38 

Lygus bug means were adjusted to account for area differences 

in plant population. On a density/area basis, prior to the initial 

application of insecticides the number of nymphs was significantly 

greater in the M and TW than in the HW (Table 3). The adjustment for 

plant population widened differences between population sizes in the 

field areas. 



Table 3. Mean ~ populations, adjusted for plant density by field area. 

Adults 

DC 1.1 

WP :::./ 

Nymphs 

DC 1/ 

WP :::./ 

Furrow irrigation; Sacaton, AZ; 1981. 

n 1.1 

11 

3 

11 

3 

Pre-Insecticide 
(6/4-6/25) 

Field Region 
HW M TW 

0.6 0.4 0.5 

1.0 1.3 7.6 

3.4 a 8.0 b 7.7 b 

a 2.6 1.8 

!/ Number of sample dates with ~ present. 

P ~/ n 1..1 

NS 9 

NS 3 

9 

NS 3 

Post-Insecticide 
(6/26-7/28) 

Field Region 
HW M TW 

0.3 0.7 0.9 

a a 0.9 

0.7 0.6 1.0 

a 0.9 a 

P ~/ 

NS 

NS 

NS 

NS 

2/ Results of ANOVA. NS=no significant field area effect. Means not followed by the same 
- letter are significantly different, P<O.Ol, as determined by Duncan's Multiple Range test. 

3/ Mean of 20-plant total/date, drop cloth samples, corrected for area differences 
- in plant density. 

:::./ Mean of lS-plant total/date, whole plant samples, corrected for area differences 
in plant density. W 

..0 



40 

There were within-field differences in plant growth. 

Although the number of mainstem nodes/plant was similar among areas, 

plant height was significantly greater in the M and TW (Table 4). 

Table 4. Field area effect on cotton plant height and number of 
plant parts. Furrow irrigation; Sacaton, AZ; 1981-

Inclusive No. of Field 
!I dates dates area 

Mainstem nodes 6/04-8/3 10 NS 

Squares 6/04-8/3 10 NS 

Blossoms 6/11-8/3 9 NS 

Young bolls 6/15-8/3 8 * HW:> M+TW 

Susceptible bolls 6/22-8/3 7 NS 

Mature bo 11s 7/13-8/3 4 NS 

Plant height 'l) 6/04-8/3 10 * M +TW> HW 

1/ Results of ANOVA. Mean of 10 dominant plants/area. 
NS=no significant difference among HW, M, TW. *=P<0.05. 

~/ Results of ANOVA. Mean of 3 dominant plants/area. 



The mean number of squares/plant did not differ signif

icantly among areas, although a succession in square production 

from the HW through the TW was noted (Figure 2). Early flowering 

intensity is directly related to plant population density 

(Leffler 1983). There were fewerplants/ha in the HW than in the 

M and TW (Table 2). As plant density was confounded with position 

relative to water source, it is not possible to separate the in

fluence of these two factors on plant phenology. 
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The M and TW were areas of greatest plant height and density 

(Tables 2 and 4), and of the largest ~ populations (Tables 1 

and 3). Preference for tall plants was demonstrated in tests where 

lygus bugs laid the most eggs on plants of the tallest genotype 

(Tingey and Leigh 1974). Lygus bug populations are reportedly 

higher in plots of cotton with denser plantings and frequent irri

gation (Leigh et al. 1969 and 1974). In addition, the largest ~ 

populations were associated with plots having the greatest Leaf 

Area Index, thus the largest plant canopy. 

~ adults frequent the periphery of cotton plants and 

are thus subject to high evapo-transpiration potentials. In 

Arizona, daily water losses due to transpiration and defecation 

total greater than 50% of the bug's body weight (Cohen 1982). 

Within-field areas where tall plants create an abundant canopy would 

be favored over more open areas by adults, as the microclimate would 

tend to minimize water loss. 
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During the morning hours, vapor pressure deficits (VPD) in the 

HW were greater than those in the M and TW (Table 5). This was evident 

not only at plant height, but also within the canopy. During the 

afternoon, VPDs were comparable in the HW and TW, but lower in the M. 

The deficit magnitude was about twice that of the morning hours. 

Insect samples were collected during the morning and afternoon and 

pooled for analysis. The number of insects collected during the mor

ning was generally greater than during the afternoon. High afternoon 

temperatures and VPDs may force them to seek cover. Within-field areas 

of abundant plant canopy, such as the M and TW were favored by ~, 

perhaps due in part to the relatively lower moisture stress within the 

plant canopy. 

Drip and Furrow (1982 and 1983) 

Throughout the early season, lygus bug populations in drip

irrigated cotton were greater than those in furrow (Figures 3 and 4). 

Rates of increase in number of adults and nymphs were greater in the 

drip field, with most marked differences occurring during June. In the 

drip field, DC and SN samples revealed an increasing number of nymphs 

from mid until late June, indicating establishment of a reproducing 

population. In furrow, nymphs did not show a similar increase until 

the beginning of July. 
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Table 5. Mean vapor pressure deficit (mb +/- S.D.) at plant 
height and within plant canopy. Furrow 
irrigation; Sacaton, AZ; 1981. 

Time 1./ Area 2:./ 3/ Plant Height Canopy n -

AM HW 12 11.5 11.1 
(5.2) (5.6) 

M 12 10.8 10.2 
(5.6) (5.9) 

TH 12 10.5 10.2 
(5.3) (5.3) 

PM HW 6 25.3 24.1 
(6.2) (6.5) 

M 6 22.8 21.1 
(6.4) (7.4) 

TW 6 25.4 24.4 
(8.2) (8.2) 

!I AM=0700-1000, PM=1600-1900. 

2:./ HW=headwater, M=middle, TW=tailwater. 

1/ number of sample dates, 3 readings in each area/date. 
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Drip-irrigated cotton demonstrated an accelerated, more 

vigorous pattern of growth than cotton under furrow irrigation. 

Although both fields were irrigated up on 4/08, cotton in the drip 

field emerged prior to that in furrow, and dates of initial square 

and blossom were similarly advanced (Table 6). 

Table 6. Plant phenology and yield in drip and furrow-irrigated 
cotton. Coolidge, AZ; 1982. 

Drip Furrow 

Irrigated up 4/08 4/08 

Emerged 4/11 4/15 

First square 5/20 5/25 

First blossom 6/21 6/26 

Total Yield 
Bales/O.4 ha (216 K/Bale) 3.45 3.02 

The dates of emergence were reported by the manager of 

Sundance Farms. The time from the irrigation date to emergence 

presented in Table 6 represents an unusually short germination and 

initial growth period. The yield increase in the drip field might 

have been greater under more favorable weather conditions. During 
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July, 6 in of rainfall were recorded, and there was considerable boll 

rot in the drip field. 

Drip-irrigated cotton was significantly taller, and remained 

two to five mainstem nodes ahead of furrow (Table 7). In a majority 

of categories, the mean number of fruiting structures/plant was not 

significantly different between the two irrigation methods. 



Table 7. Irrigation effect on cotton plant height and 
number of plant parts. Drip and furrow 
irrigation; Coolidge, AZ; 1982. 

Inclusive No. of Irrigation 
dates dates effect 

Mainstem nodes 6/04-8/12 12 **, D>F 

Squares 6/04-8/12 12 NS 

Blossoms 6/15-8/12 9 NS 

Young bolls 6/21-8/12 8 NS 

Susceptible bolls 6/28-8/12 7 ,'r , D>F 

Mature bolls 7/12-8/12 5 NS 

Plant height '];./ 6/04-8/03 12 ** D >F 

Plant population Drip Furrow 
0.004 ha (+/- S.E.) 49.2 46.8 

(1.9) (2.6) 

1/ Results of ANOVA. Mean of 0.004 ha/date. NS= no 
significant difference between irrigation methods. 
*=P<0.p5, ,h'r=P<O.OL D=drip, F=furrow. 

'];./ Results of AN OVA , mean of 3 dominant plants/date. 
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The mean number of squares/plant in the furrow field re

mained below that of the drip until late June (Figure 5). In late 

July, there was a rapid drop in square production under drip, 

whereas production declined more gradually under furrow. Briggs et 

al. (1983) noted that under drip irrigation, a drastic cut-out in 

flower production occurred several weeks after peak bloom (late 

July to early August). 

The advanced pattern of emergence and square initiation 

(Table 6) and greater plant height and population (Table 7) in 

cotton under drip irrigation resulted in conditions favorable to 

the establishment of ~ populations. During the latter part of 

May when adults were migrating from spring hosts in search of 

moisture and cover, the drip field was the first to provide squares 

and an increasingly abundant canopy. Mean squares/plant remained 

less than one in the furrow field until mid-June, whereas the mean 

was greater than one in the drip (Figure 5). As a result, the 

chance of finding a food source on a given plant was increased in 

the drip field. Leigh et al. (1969) found that ~ population 

growth was greatest in cotton plots that were the first to be irri

gated up (therefore the first to provide squares and cover). 

Water availability has a marked effect on the growth of 

cotton (Leigh et al. 1974) and the vegetative-fruiting balance is 

strongly influenced by the amount of soil moisture (Leigh et 

al. 1969). Uniform water application by the drip method results in 

constant, near-optimum soil moisture (Hofmann and Taylor 1983). 

49 



-c::: 
a 

0::: -en 
CD 
L-
a 
::J 
0-

en 

o 
Z 

c::: 
a 
CD 
~ 

141-

121-

10 

8'"' 

6~ 

41-

21-

••• '0 

---e 

T 

Drip 
Furrow 

I 

.. 0 . 
... ·,Ar ... .. -"" -. "' ... -.. 

.. a ", ...... 
.... ,IJ' ~ 

.' ", \ . " , 
.0 " , .. ' ", \ 

•••• "rd \ . " , . " , ,~ \ ~ , ~ , 
," ' . ' 

#. ' ,. . , l: 0········ .··0 
/.: \ 
l' ' ,: ' ,: \ . ' ~ : ' 

.' . . 0-.... . ' .. . .... ..,. . . .,,- . 
... / ~ 
. , . , . , 

... ", 

. .' .0" ", 
.~ ........ 00····· " 

.;,~...... " g.. I ............ &, ...... 4 
I I I I i -.J I 

31 7 14 21 28 5 12 19 26 2 9 
May June July Aug. 

Figure 5. Mean no. squares per plant. Drip and furrow irrigation; Coolidge, AZ; 1982. 

-

V1 
o 



This may help to explain growth differences between the two irri

gation systems. 

The effect of water availability on plant growth may 

explain differences in microclimate between drip and furrow

irrigated cotton. Throughout the early season, drip-irrigated 

cotton averaged lower canopy VPDs than furrow (Figure 6), although 

this difference was not statistically significant. Under both 

systems, the canopy VPDs decreased throughout the early season and 

tended to level off after canopy closure in mid to late July. 

These readings were taken at 0800, and thus can be compared to AM 

means in Table 5. Fields or field areas with greater plant popu

lation and tall plants create a microclimate of decreased water 

stress. 

Even after the canopy has closed in the TW of furrow fields 

bare ground will often remain between the HW rows. Sometimes the 

HW canopy does not completely close for the duration of the growing 

season. Under drip irrigation, however, canopy closure was ob

served in all field areas. 

The drip field remained favorable to ~ throughout the 

early season. An insecticide application for lygus bugs was re

quired on 7/05 in drip, but not until 7/20 in furrow (Figures 3 

and 4). At the respective times of treatment, adult and nymphal 

populations were comparable on a cumulative basis. 
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Mean early season plant height was greater under drip irri-

gation (Table 8). Mean plant height in furrow increased signif-

icantly with distance from the HW, as in 1981. In the drip plot, 

plants at the emitter and terminal sections (1-4, respectively) of 

the water line tended to be taller than those in the middle. 

Table 8. Me~n plant height (cm +/- S.E.) by field section 
cotton grown under drip and furrow irrigation. 
Coo lidge, AZ; 1983. 

Section J) Drip Furrow 

1 (HW) 93.7 ab '1;./ 66.5 c 
( 7.8) 6.8) 

2 (M) 87.1 b 67.8 c 
(10.5) 6.6) 

3 (M) 90.9 b 80.5 b 
7.4) 6.7) 

4 (TW) 99.6 a 97.3 a 
( 9.9) 9.1) 

1/ Sections 1-4 from HW or emitter to TW or terminus, 
respectively. 

for 

'1;./ n=3 dominant plants/section, 7/15-8/25. Means within 
irrigation not followed by the same letter are significantly 
different, P<0.05, as determined by Duncan's Multiple 
Range test. 
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Taylor, Stedman, and Hitz (1983) recorded significantly 

taller plants near the drip emitter than at the water line terminus 

(DPL 90, below-ground water line). Measurements were not made in 

intermediate sections. In Table 8, sections 1-3 show a decrease in 

plant height with distance from the emitter, however plants in the 

terminal section were the tallest. The disparity between these 

findings and those of Taylor et ale (1983) may be attributable to 

differences in water and fertilizer management, plant population, and 

other cultural variables. The pitch of the field slope differs 

between the two systems, and water supply factors may in part account 

for the observed patterns in plant height. 

Under drip irrigation, plant populations tended to increase 

with distance from the drip emitter (water source, Table 9). A 

weaker trend in the opposite direction was apparent for furrow 

cotton. Although both fields were seeded at the same rate, plant 

populations were more dense under the drip system. Greater plant 

populations under drip irrigation were also recorded in 1982 

(Table 7). 

In contrast to the results in Table 9, plant populations in 

the M and TW of the 1981 furrow field were greater than those in the 

HW (Table 2). The furrow fields represented in Tables 2 and 9 were 

managed by different growers. Within-field soil-type differences may 

account for the apparent contradiction. It can be concluded that 

under furrow irrigation, plant height increases with distance from 

the headwater. Under drip irrigation, plant height decreases with 

distance from the emitter, but this trend may not continue to the 



Table 9. Mean percent (+/- S.E.) dominant plants and plant 
population in cotton grown under drip and furrow 
irrigation. Coolidge, AZ; 1983. 

Drip 

Dominant plants ('10) !I 
s ' 2/ ect~on -

1 (HW) 62.0 6.9) 

2 (M) 59.2 3.4) 

3 (M) 55.1 3.7) 

4 (TW) 66.1 9.5) 

Plant population (0.004 ha) 1.1 

S ' 2/ ect~on -

1 (HW) 57.3 ( 2.2) 

2 (M) 61.3 2.7) 

3 (M) 77 .0 (14.9) 

4 (TW) 75.0 (20.3) 

R.Y. for plant density 1/ 
(Range) 4.5-27.1 % 

Furrow 

56.3 2.1) 

55.1 4.6) 

51.6 4.4) 

63.2 5.5) 

50.0 (3.1) 

40.5 (11. 4) 

45.3 (7.0) 

40.8 8.2) 

6.2-28.1 '10 

11 Mean 'of 4, 0.004 ha replicates in each block. 

~I Position relative to water source: l=closest (HW), 2 and 3 
intermediate (M), and 4=most distant (TW). 

11 R.Y. (relative variability) = (S.E./X) 100. 
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terminus. Plant populations vary considerably within drip and furrow 

fields, but are more dense under drip irrigation. 

Figures 7 and 8 locate within-field areas supporting the 

largest concentrations of ~ adults and nymphs. Under furrow 

irrigation, clusters of ~ adults were scattered throughout the 

field, but tended towards the M and TW (Figure 7). The drip field 

was comprised of two adjoining blocks, each with an emitter line. 

Within the drip field, adults were broadly distributed in a large 

clump that spanned from the mid and terminus portion of the first 

block through the second block. DC samples located nymphal popula

tions in the same areas as adult (Figures 7 and 8) in the drip field. 

In furrow, nymphs were most abundant in the M and TW. SN sample maps 

suggest somewhat different locations for concentrations of the two 

life stages. Byerly et ale (1978) found that the sweep net provided 

poor population estimates, particularly for the immature stages of 

~. This may explain the location differences in Figure 8. 

In furrow-irrigated cotton, ~ preferred the M and TW 

areas for oviposition (Tables 1 and 3, and Fi~ures 1 and 8). Under 

drip irrigation the pattern was highly similar, and adults and nymphs 

were also abundant in the area of the mid-field emitter line. Under 

both irrigation systems, within-field areas of greater plant height 

and/or dense plant populations create a microclimate within the 

canopy that is highly favorable for ~ population establishment. 

The same factors and an accelerated plant phenology may in part 

account for larger populations in drip-irrigated cotton. 
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Figure 7. 1/ Cluster maps - from sweep net samples of ~ adults. 
Drip and furrow irrigation; Coolidge, AZ; 1982. 
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1/ Cluster maps - from sweep net and drop cloth samples of 

~ nymphs in drip and furrow-irrigated cotton. 
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Distribution 

Early Season Patterns 

~. Table 10 presents Morisita's (I , 1959) and Taylor's 
g 

(b, 1961) aggregation indices for ~ nymphs in furrow-irrigated 

cotton. WP and DC adult data were not included as the number of i 

insects collected per date was extremely low. The values of I and 
g 

b were greatest in the M and TW, implying a higher degree of aggre-

gation there than in the HW. Aggregation was statistically signif-

icant (I ) only in the M. 
g 

~ adults demonstrated a higher degree of contagion in 

furrow vs. drip-irrigated cotton (Table 11). Morisita's index was 

significant for aggregation under both systems. 

similar in drip and furrow (SN and DC methods). 

For nymphs, b was 

I suggested nymphs 
g 

were more clumped in furrow than in drip. For the furrow system, 

values of Taylor's coefficients were highly consistent between years 

(1981, X a=1.0, X b=l.O; 1982, a=1.04, b=1.02), but I was higher in 
g 

1982 (1.85) than in 1981 (X=1.43). 

Taylor's and Morisita's indices imply greater aggregation 

among nymphal stages of lygus bugs than in the adult. Sevacherian and 

Stern (1972) established that k of the negative binomial was greater 

for ~ nymphs than for adults. Nymphal aggregation is chiefly due 

to oviposition patterns and limited dispersal. Lygus bugs may lay 

several eggs on a single plant, and nymphs disperse radially upon 

hatching (Ting 1965, as cited by Sevacherian and Stern 1972). 



Table 10. Aggregation indices for ~ nymphs from drop cloth samples. Furrow 
irrigation; Sacaton, AZ; 1981. 

3/ M .. , 4/ 
1/ 2/ Taxlor's - 2 or~s~ta s -

Area - n - a P b P r I P 
g 

HW 14 0.88 NS 0.91 NS 0.66 1.09 NS 
(0.56) (0.42) 

M 14 1.26 NS 1.1 NS 0.95 1.83 ** 
( 1.04) (0.73) 

TW 15 0.86 NS 0.99 NS 0.89 1.37 NS 
(0.53) (0.41) 

Field X 1.0 1.0 1.43 

1/ HW=headwater, M=middle, TW=tailwater. 

~/ number of sample dates with ~ present. 

l/ Taylor's coefficients (+/- S.E.). NS=not significantly different from random. 

~/ Morisita's index. NS=not significantly different than random. **=P<O.Ol. 

0-
o 



Table 11. Aggregation indices for ~. Drip and furrow irrigation; Coolidge, AZ; 1982. 

Sample 11 Life 31 
51 . 61 

r'Y 41 Taxlor's - 2 Morisita's -
method - stage - n - a P b P r r p 

g 

DC D N 8 0.97 NS 1.02 NS 0.97 1.33 * 
(0.29) (0.07) 

F N 9 1.04 NS 1.02 NS 0.97 1.85 * 
(0.16) (0.28) 

SN D A 15 1.36 NS 0.9 NS 0.57 1.26 ** 
(0.43) (0.47) 

N 11 1.28 NS 1.16 NS 0.96 2.2 ** 
(0.90) (0.43) 

F A 15 1.08 NS 1.17 NS 0.6 1.43 ** 
(0.31) (0.58) 

N 11 1.37 NS 1.14 NS 0.94 3.17 ** 
(0.64) (0.33) 

11 DC=drop cloth, SN=sweep net. 

II D=drip irrigation, F=furrow irrigation. 

II A=adult, N=nymph. 

~I number of sample dates with ~ present. 

~I Taylor's coefficients (+/- S.E.). NS=not significantly different from random. 

~/ Morisita's index. NS=not significantly different than random. *=P <0.05, **=P<O.01. 

0' 
f-> 
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SN samples suggest a higher degree of aggregation than DC. 

A similar situation was evident in the work of Wilson and Room (1983). 

They compared Taylor's coefficients from whole plant, visual exam-

ination, and sweep net data for 20 species of cotton arthropods. For 

all species but two, the SN method produced higher values of b, 

suggesting a higher degree of contagion than both the whole plant and 

visual methods. 

Sample unit size must be considered when comparing the rela-

tive magnitude of aggregation indices. Kuehl and Fye (1972) stated 

that for a given species, agreement with the negative binomial 

occurred more frequently in 5-plant units. One-plant units tended to 

agree with Poisson expectations. In studies of Nantucket pine tip 

moth larvae, Waters and Henson (1959) commented that if the general 

limit to the number of insects recovered from a sample unit is low, 

the larger number expected in an aggregated distribution will not 

occur. 

A DC sample encompassed 1.04 meters of row, or approximately 

20-30 plants. A SN sample consisted of 50 sweeps, which includes 

about 50 plants. Wilson and Room (1983) used 60-sweep units for the 

SN, but single plants for the whole plant and visual methods. Thus, 

sample method differences in the magnitude of b and I may result from 
g 

the size of the unit included. 

Statistical and mechanical factors must be considered as only 

a partial explanation of the differences in index values. Population 

size can be an important determinant of aggregation. Low population 
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densities often agree with random expectations, but contagion is char-

acteristic of higher densities (Kuehl and Fye 1972). The larger 

values of b and I in furrow M and TW (Table 10) may be a function of 
g 

greater population density in these areas. (Table 1). This factor does 

not explain the greater magnitude of both indices in furrow vs. drip 

cotton, as ~ populations were more abundant in the drip field. 

Biological factors must be primarily responsible for the observed d 

differences in the degree of aggregation. 

Cotton squares. Under furrow irrigation, the magnitude of I 
g 

and "b" vary among field areas (Table 12). The balue of "b" is highest 

in the M, also the field area of the greatest degree of ~ nymph 

aggregation (Table 10). I assumes the lowest values for the TW. This 
g 

discrepancy may be partly due to mathematical factors (note the low 

2 r value for Taylor's coefficients from the HW). The field mean of 

"b" (1981, Table 10) is comparable to that obtained in 1982 (Table 11). 

I implies a greater degree of square aggregation in plants under 
g 

furrow irrigation. 

Insects tend to aggregate in response to many factors, one of 

which is the availability of food (Sevacherian and Stern 1972). The 

higher degree of aggregation among ~ adults in furrow-irrigated 

ccotton may be partly due to the greater within-field vari.ability in 

the availability of squares; This should be most important during May 

and early June, when squaring has just begun, and the mean/plant is 

one or less. 



Table 12. Aggregation indices for cotton squares. Drip and furrow irrigat'lon, 1981 and 1982, 
Sacaton and Coolidge, AZ, respectively. 

T 1/ 2/ 
Ta~lor's ~J 

2 
Horisitll's !!./ 

L - n - a P b P r I P g 

1981 
Dominant plant 

HW 10 0.63 NS 1.57 NS 0.66 1.54 ** 
(2.39) (0.40) 

H 10 0.29 NS 1. 73 ** 0.8 1.43 ** 
0.76 ) (0.77) 

TW 10 0.69 NS 1.42 NS 0.82 1.49 ** 
0.35) (0.54) 

Field X 0.54 1.57 1.49 

1982 
Row meter 

D 12 1.19 NS 1.48 ** 0.95 2.07 ** 
(0.44) (0.25) 

F 12 1.47 * 1.44 ** 0.94 2.4 ** 
(0.47) (0.26) 

11 HW=headwater, H=middle, TW=tailwater of furrow irrigation (=F). D=drip irrigation. 

y number of week's data. 

1/ Taylor's coefficients (+/- S.E.). NS=not significantly different from random. *=P <0.05, 
**=P<O.Ol. 

!!./ Horisita's index. NS=not significantly different than random. **=P <0.01. 

a-. 
~ 



~ Patterns in Time 

I can readily be computed for individual sample dates, thus 
g 

providing a way to follow changes in spatial patterns through time. 

In Table 13 ~ dispersion trends are presented for the early 

season. Aggregation by adults was evident primarily from late-May 
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until mid-June. Under furrow irrigation, the significance of I freg 

quently shifted from aggregated to regular. Random patterns did not 

predominate until late in June. 

Morisita's index presents a problem when data appear in only 

two frequency classes: 0 and 1. In such cases, I =0, and Morisita 
g 

(1959 and 1962) provided no interpretation of this value. Note that 

although I was highly significant for nymphal aggregation (Table 11), 
g 

in Table 13 values are either equal to 0 or agree with Poisson. 

The mobility of lygus bug adults allows them to seek areas of 

lush, vigorous growth. They will remain in alfalfa unless it is 

moisture-stressed (Mueller and Stern 1973). If alfalfa is dry or har-

vested, adults migrate in large numbers into cotton fields that have 

begun to square. Moisture stress may be a determinant of within-field 

as well as between-field movement. Significant aggregation and under-

dispersion were common in furrow-irrigated cotton near water appli-

cation dates. The frequency and extent of movement in furrow cotton 

is evidenced by the wide fluctuations in spatial patterns (Table 13). 

Although there were a number of dates in drip cotton where adult 

aggregation was significant, the frequency and width of pattern change 

is less than in furrow. In both fields, the greatest vacillations in 



Table 13. Spatial distribution 1/ as determined by Morisita's 
index for~. Drip and furrow irrigation; 
Coolidge, AZ; 1982. 

Sweep Net 
adults 2/ nymphs 

Drop Cloth 
nymphs 

D F - D F D F 

5/29 '}) P -/(* 

5/31 P 

6/01 * 
6/07 2.1 REG 0 0 

. 6/08 P 
6/10 * 
6/11 P P 
6/14 "I, P 
6/15 * 
6/17 REG 0 
6/18 P 0 0 
6/21 2.1 P p P 
6/24 P 0 0 
6/25 P P P 
6/28 P 0 0 
6/29 P 'k i': P 

7/01 P 0 
7/02 p P P 
7/05 1/ REG P P 
7/06 P 0 P 
7/09 P 0 0 
7/12 P P P 
7/13 "Ie 0 0 
7/19 2..1 P P P 
7/20 P P P 
7/26 P P P 
7/29 P 0 
8/02 P P 
8/03 P 0 

11 Distribution determined by Morisita's index (1959) to be: 
P=Poisson, REG=regular or'uniform, aggregated *=P<0.05, 
**=P '" O. Ol- ••• nymphs not present. 

2:./ D=drip irrigation, F=furrow irrigation. 

1/ Approximate dates of furrow irrigation. 
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distribution occurred when the plant canopy was open and VPDs were 

highest (Figure 6). Poisson patterns did not predominate until late 

in June. 

A similar shift to Poisson from initial aggregated patterns 

was reported by Trumble, Oatman, and Voth (1983) for aphid in straw-

berries. These conclusions were based on Green's coefficient (C ) and 
x 

Llo,d'~~fatchiness Index, both established by Myers (1978) as density-

independent. This feature of an aggregation index is essential when 

following the dispersion of organisms through time, as density may be 

changing along with spatial orientation. Morisita (1959) provided 

mathematical proof that I is not influenced by density, but Myers 
g 

(1978) found the index was significantly correlated with density in 

a simulation model of dispersion. A regression of I on the mean was 
g 

performed for the data in Table 13 and a very weak correlation 

(r=O.36) was determined. 

Based on trends of k (negative binomial), Sevacherian and 

Stern (1972) stated that the initial invasion of a species into a crop 

results in ran?om distribution patterns which later become aggregated. 

The apparent contradiction of this statement with current findings and 

those of Trumble et al. (1983) may result from Sevacherian and Stern's 

use of the negative binomial. When data are more or less clumped than 

the negative binomial, "k" is not an appropriate measure of spatial 

orientation (Myers 1978). During the early season, in only a few 

of the fields analyzed by Sevacherian and Stern (1972) could ~ 

distributions be characterized by the negative b~nomial. Thus the 
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conclusion of initial Poisson patterns may have resulted from in-

herent features of the negative binomial model, rather than a re-

flection of biological facts. 

In summary, ~ adults and nymphs demonstrated a higher 

degree of aggregation under furrow-irrigated cotton than under drip. 

Spatial patterns were statistically different than Poisson only by 

Morisita's index. In the furrow field, adult dispersion patterns 

fluctuated widely from late-May through mid-June, but were in agree-

ment with Poisson expectations after that time. Under drip irri-

gation, adult patterns vacillated from Poisson to aggregated 

primarily during May and June, but less frequently than under furrow. 

Thus, although aggregation was demonstrated under both irrigation 

systems, the magnitude and fluctuations in time were greater under 

furrow. 

Comparison of Aggregation Indices 

A primary point of departure between Morisita's and Taylor's 

indices is establishment of statistical significance. In most in-

stances where I is non-significant, b also designates random 
g 

patterns. The converse, however, is not true as is evidenced by 1982 

results. Pieters and Sterling (1974) found good agreement in magni-

tude between Morisita's index and k (negative binomial), however they 

do not provide determination of statistical significance. 

Although there were many cases where "b" was considered equal 

to one, it cannot be assumed this indicates as random distribution. 
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George (1974) emphasized that unless Taylor's parameter "a" equals 

one, the value of "b" alone is not a sufficient test of randomness. 

Consideration of "a" does not reconcile agreement of aggregation sig-

nificance as determined by b and I • 
g 

For correct interpretation of spatial patterns, a model of 

aggregation should allow for separation of statistical and biological 

aspects. The importance of making this separation is illustrated in 

Table 12. I and b denote opposing trends in the aggregation of 
g 

squares. I values infer that either squares are more aggregated on 
g 

a row meter vs. dominant plant basis, or conditions in 1982 created 

more variability in plant growth. Taylor's power law allows for 

separation of statistical and biological components of contagion. 

The coefficient "a" is largely a sampling factor (Taylor 1961 and 

1971). The row-meter method of determining mean squares/plant 

yielded larger values of "a" than did the dominant plant method. The 

between-year similarity of "b" suggests this value characterizes the 

distribution of squares on cotton plants. Differences in "a" show 

that the sampling method influences determination of contagion. 

Other single-coefficient indices such as "k" of the negative binomial 

do not allow for separation of sampling and biological aspects, and 

thus are extremely variable (Willison and Young 1983). 



Predator Abundance 

Population trends for Geocoris and Nabis were analyzed since 

these predators were consistently present, and on numerous occasions 

memebers of both genera were observed feeding on lygus bug nymphs. 

C. carnea was also of interest as adults utilize extrafloral nectar 

as a source of nutrition (Werner et al. 1979). WP data are not pre

sented for predatory species. The method proved too cumbersome and 

time-consuming to use on many sample dates. 

Furrow (1981) 
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The M and TW were more favorable for Geocoris and Nabis than 

the HW, whereas the converse held true for Chrysopa (Figure 9). 

Differences among areas, however, were not statistically signifi~ant 

(Table 14). Geocoris populations were larger than those of the other 

predators. 

Geocoris and Nabis were most abundant in field areas with 

large ~ populations (Table 1 and Figure 1). This may have been 

due to great~r availability of prey and response to within-field 

patterns of plant growth similar to those of lygus bugs. Chrysopa 

adults and nymphs predominated in the HW (Table 14 and Figure 9). 

As adults feed on nectar and extrafloral nectar production in HW 

plants was advanced, adults may have preferred that field portion for 

feeding and oviposition (see Extrafloral Nectar Phenology). 
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Figure 9. Cumulative predator populations from drop cloth samples. 
Furrow irrigation; Sacaton, AZ; 1981. Stars indicate dates 
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Table 14. Mean predator populations (+/- S.E.) by field area. Furrow irrigation; Sacaton , AZ; 1981. 

Pre-Insecticide Post-Insecticide 
(6/4-6/25) (6/26-7/28) 

1/ Field Region 
p'!} 1/ Field Region 

P 'l:../ n - HW M TW n - HW M TW 

Chr~ 

- 3/ x- 10 3.4 2.8 2.3 NS 8 0.6 0.7 1.3 NS 
(0.6) (0.7) (0.6) (0.4) (0.2) (0.5) 

Geocoris 

- 3/ x- 10 4.5 5.1 4.9 NS 9 0.9 1.4 1.1 NS 
(0.9) (0.8) (0.8) (0.4) (0.6) (0.5) 

Nabis 

- 3/ 
X - 10 2.2 2.5 2.7 NS 9 0.1 0.3 0 NS 

(0.5) (0.6) (0.8) (0.1) (0.2) 

1/ Number of sample dates with genus present. 

'l:../ Results of ANOVA. NS=no significant field area effect. 

2/ Mean of 20-plant total/date, drop cloth samples. Includes adults and nymphs. 

~ 
N 
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Drip and Furrow (1982) 

Nabis was the most prevalent beneficial in 1982. On a cum

ulative basis, Geocoris and Chrysopa populations were comparable, but 

population size was half that of Nabis. Neither drip- nor furrow

irrigated cotton was consistently more favorable to populations of 

predators (Figure 10). DC and SN samples revealed similar trends in 

the respective fields. Chrysopa and Nabis populations were somewhat 

greater in the drip field. Geocoris adults and nymphs were more 

abundant in furrow-irrigated cotton. Aggregation indices for the 

predators are presented in Appendix A. 

Although drip-irrigated cotton was favorable to~, it had 

no consistent, favorable effect on the growth of beneficial popu

lations. Leigh et ale (1974) found that the numbers of Geocoris and 

Orius in cotton could be characterized as a function of the Leaf Area 

Index (plant canopy). Populations increased exponentially with in

creasing index values, due in part to favorable conditions in dense 

canopy and the inherent capacity of insect populations to undergo ex

ponential growth. Leigh et ale (1974) conducted their study in plots 

arranged in a randomized complete block. Their results thus reflected 

within-field abundance. In furrow (Figure 9) Geocoris and Nabis abun

dance was greatest in field areas of the most abundant canopy. The 

drip and furrow systems were situated in two separate fields. It is 

therefore possible that factors such as location and management had 

a strong influence on population growth. 
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Predatory species may respond differently than ~ to irri

gation methods. If the environment enhances propagation of a pest more 

than that of its predators, an upset in the balance of natural control 

results. The potential of lygus bugs to damage cotton is thus inten

sified. This consideration is particularly important during the early 

season. At that time, predators are most abundant and populations have 

not been devastated by the application of insecticides. 

Pest Management 

~ Damage to Cotton Squares 

In drip-irrigated cotton, the percent of lygus bug-damaged ter

minal squares was significantly greater than that under furrow (Figure 

11). During the early season, square damage in drip average 5-6% 

greater than in furrow. Cotton under the drip system required insect

icide treatment for lygus bugs approximately two weeks prior to that 

under furrow. For the growing season, the drip-irrigated field 

required three insecticide applications to manage ~ populations, 

whereas the furrow required only two. 

Within drip-irrigated cotton, square damage was comparable in 

all plot areas (Table 15). In furrow, however, damage increased sig

nificantly from the HW to TW sections. Evaluating percent damage by 

date, section d in the drip plot never attained the economic threshold 

of 25% damaged squares (Anon. 1983). In the furrow plot, sections a 

and b remained below the economic threshold throughout the early 

season. Damage in all sections of the furrow plot was less than that 
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Table 15. Mean percent ~-damaged squares (+1- S.E.) by field 
section in drip and furrow-irrigated cotton. 
Coolidge, AZ; 1983. 

DRIP 

';t. damaged 2/ squares -

R.V. for 

FURROW 

';t. damaged 
squares 

R.V. for 
damage 

]) 

a 

12.8 a 
(5.7) 

44.9 

1. 7 a 
(0.8) 

48.8 

b 

13.3 a 
(3.9) 

29.4 

3.3 a 
(1. 2) 

35.8 

Field Section 1/ 
c 

12.2 a 
(3.6) 

29.8 

7.8 b 
(3.4) 

42.9 

d 

9.4 a 
(2.1) 

22.6 

8.9 c 
(2.9) 

32.1 

e 

16.7 a 
(4.6) 

27.8 

10.6 c 
(2.7) 

25.4 

1/ Field sections in sequence from emitter to terminus (DRIP), 
and headwater to tailwater (FURROW). 
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II Early season mean, n=9 weeks. Section means within system followed 
by same letter are not significantly different, P<0.05, as 
determined by Duncan's Multiple Range test. 
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in drip. As in 1982, the drip field required treatment for lygus bugs 

prior to the furrow (7/25 and 8/17, respectively). 

~ square damage was greatest in fields and field sections 

with tall plants and/or dense plant populations. Plant height and pop

ulation were greater in drip-irrigated cotton than in furrow (Tables 

7-9). Square damage in drip was greater than in furrow (Figure 11 and 

Table 15). Sections of the drip plot with the highest levels of damage 

were those with the tallest plants, and in some cases the largest plant 

populations. In the furrow plot, damage was greatest in the TW 

sections, regions of the tallest plants. 

Sample Methods 

As the regression of SN means on DC means produced a value for 

the y-intercept that was not significantly different than 0, the re

gression was forced through the origin. This yielded the 

relationship: 

SN = 1.07 (DC) 

where SN represents 50 sweeps with a standard sweep net, and a DC 

sample includes 1.04 row-meters. The value of the regression co

efficient is highly significant (P~O.ol). 

The close relationship between SN and DC means can be attri

buted to oviposition and dispersion habits. In cage trials, Jackson 

(1982) determined the majority of lygus bug eggs are laid in the 

upper portion of cotton plants. Dispersal of nymphs is very limited 



and they tend to remain in the terminal region. Thus a method 

sampling the terminal region should relate to a whole plant method. 

Due to the fact that sample collection was terminated when plants 

became very tall and the canopy was well developed, the effic

iency of both methods was not severely altered by plant size. 
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The near-unity relationship between sample methods suggests 

that per unit effort, the DC recovers more nymphs than the SN. A 

50-sweep sample includes about 50 plants, but a 1.04 m-DC sample 

includes 10-20 plants. Thus, about twice as many plants must be 

sampled in a SN unit to obtain a mean equal to one DC sample. The 

number of plants represented per sample may explain the disparity 

between SN and DC nymph cluster maps. The DC method should be recom

mended over the SN for ~ nymphs as it is less variable and 

requires a smaller sample size. Furthermore, Young and Tugwell 

(1975) stated that only the DC method was significantly correlated to 

the incidence of square damage. 

No single sampling method is equally effective for all life 

stages of lygus bugs. Too, the efficiency of anyone method varies 

with plant density, canopy, moisture, and wind conditions. WP samples 

are more satisfactory than SN for adults and nymphs; however, a large 

sample size (50 plants) is required for an 80% precision level 

(Byerly et al. 1978). In this study, the WP method proved too 

time-consuming for the available time and manpower. The SN is rapid, 

but lacks precision, underestimates population levels, and is not 



equally effective for sampling adults and nymphs (Young and Tugwell 

1975 and Byerly et ale 1978). The DC presents problems in tall 

cotton and after canopy closure. Owing to the high mobility of 

~, this method is inferior to the SN for sampling adults. 

Sample Size 

In pest management, the main utility of aggregation studies 
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is to provide a measure of behavioral and biological responses of 

~nsects to a crop production system. Furthermore, an aggregation 

index with statistical and biological validity is neccessary to deter

mine optimum sample size (minimum sample size required to attain a 

given level of precision, Karanidos 1976). 

Taylor et ale (1978) have successfully applied the power law 

over numerous taxa and sampling methods. They conclude the spacing of 

organisms is a density-dependent response to environmental variables. 

The good fit of most data to the power law (as evidenced by r2 values) 

and similarity of "b" values within genera imply statistical and 

biological validity. The fact that b is species specific, yet 

sufficiently sensitive to reflect differences in environmental favora

bility, lends further validity to s2/X as a measure of aggregation. 

Taylor's coefficients can be used to accommodate spatial behavior in 

the determination of optimum sample size. 

Lygus bugs. The equati9n of Wilson and Room (1983) produces 

larger estimates of N for larger values of Taylor's coefficients, "a" 

and "b". For adults, more SN samples are required in furrow-irrigated 

cotton than in drip (Figure 12). The SN method requires more samples 
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Figure 12. Optimum drop cloth (DC, 1.04 m) and sweep net (SN, 
50-sweep) sample size for ~ in drip and furrow
irrigated cotton. (0=0.10 of mean,'tC=0.05). 
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than the DC to obtain a given level of precision for mean number of 

nymphs. For both methods, greater sample size is neccessary in cotton 

under furrow irrigation than under drip. 

Lygus-damaged squares. Table 16 presents ratios of square 

sample sizes to account for within-field variabiity in damage. Under 

drip irrigation, sample size should be approximately equal in all field 

areas. The low perc'ent damage and high variabi lity noted for the HW 

area (note'R.V. values) neccessitates that nearly twice as many squares 

should be examined there as in the TW to attain the same level of 

precision. 

Table 16. Sample size ratios by field section for ~-damaged 
squares. Drip and furrow-irrigated cotton. 

Field Section 1/ 
a b c d 

D' 2 rlp - 1.3 1.1 1.0 1.0 

2/ 
Furrow - 2.1 1.9 1.0 1.5 

1/ Field sections in sequence from emitter to terminus (drip), 
and headwater to tailwater (furrow). 

e 

1.1 

1.2 

II Mean based on weekly (n=9) sample size determinations. Ratios 
represent relative sample size neccessary in each section to 
assure desired level of precision (10% of mean, '0=0.05). 
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Cotton squares. Figure 13 compares the minimum number of 

plants that must be examined by the dominant plant and row meter 

methods. This number will estimate the mean number of squares per 

plant with certainty. The coefficients used for sample size deter

mination are from the M area (1981) and 1982 furrow field (Table 12). 

The dominant plant method is much less labor-intensive than the row

meter method. For example, at peak-squaring (20-30 squares/plant), the 

row-meter method requires approximately 100 plants be sampled. In 

plant populations of 125,000/ha, this would require sampling approx

imately two meters of row. The dominant plant method requires only 

one-half the number of plants be sampled (50) to assure the same level 

of precision. 

Pest Management Recommendations 

Drip-irrigated cotton has a higher ~ pest potential 

than cotton grown under the conventional system. During both 

years, square damage averaged 5-6% greater than that in the furrow. 

(Figure 11 and Table 15). Economic thresholds were exceeded two to 

three weeks prior to furrow, and an additional insecticide appli

cation was required during the growing season. Growth character

istics of drip-irrigated cotton result in stands that are more 

broadly favorable to lygus bug immigration and reproduction. This 

has resulted in heightened pest problems. 

There are three important aspects of sample design: 

Selection of the universe, selection of the sample unit, and optimum 

stratification and distribution of units within the universe 
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(Morris 1960). In cotton pest management, a field of 16-32 ha 

(40-80 A) is designated as the universe. Lygus square damage may 

never reach threshold proportions in some field areas, yet insect

icide treatment is generally applied on a per~field basis. Fields 

could be sectioned into HW and TW areas, and sampled separately. 

Treatment of only one-half of the field would not only reduce 

costs, but also maintain a reservoir of predators. 

Differences in aggregation patterns and damage levels under 

the drip and furrow systems suggest sample stratification for pest 

management should be modified. Currently, scouts examine squares 

for ~ damage from four, randomly chosen field areas. In 

furrow-irrigated cotton, damage levels in the HW are considerably 

less than those in the TW. In order to guarantee a given level of 

precision, twice as many squares should be examined in the HW as in 

the TW (Table 16). In drip-irrigated cotton, damage levels are 

equivalent in all field areas, allowing the sample size ratio to 

equal unity. 

The section closest to the drip emitter has the highest 

relative variability for square damage (Table 15). As the 

percentage of damaged squares near the emitter was not signif

icantly different than other sections along the water line, this 

area could be avoided without biasing damage estimates. Under 

furrow irrigation, the HW is also the region of highest 

variability; however, ~ damage was significantly less than in 

other areas. Thus it cannot be excluded from damage estimation 

without producing systematic errors. 
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A stratified random selection of field areas would help 

scouts to maintain aleading edge on the development of ~ pest 

potentials. Results of this study suggest lygus bugs are first 

established in areas with advanced growth, tall plants, and dense 

plant populations. Prior to canopy close, these areas are readily 

visible in furrow-irrigated fields. Scouts could conduct sampling 

in these areas as well as randomly selected areas. The average 

would indicate ~ pest status; however, population levels in the 

IIhot spots" would reflect the potential for damage in the most 

hazardous areas. 

Further consideration should be given to the effect of 

changes in spatial behavior on determination of optimum sample size. 

During May and June, ~ populations are frequently aggregated. 

Poisson patterns do not predominate until late June (Table 13). 
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Sample size equations that incorporate spatial behavior yield larger 

values of N for aggregated distributions than for random. The para

meters quantifying aggregation represent an average of seasonal 

patterns. A IIdynamic" sample size scheme could be developed to incor

porate shifts in ~ spatial patterns into a sample program that 

would insure a constant level of precision. 



Extrafloral Nectar 

Volume and Availability 

Furrow (1981). Early season mean nectar volumes by source 

are presented in Table 17. ANOVA for area effects were conducted 

when complete data sets for at least three sample dates were 

available. 

During the AM and PM collection periods, there were no 

significant differences among the HW, M, and TW in leaf, square, 

and blossom volumes. The mean values suggest subbracteal volumes 

increase as squares develop, peak at anthesis and boll initiation, 

then rapidly decline during boll maturation. Peak production in 

the various structures progressed from HW to TW, in accordance with 

the observed pattern of plant maturation (Figure 2). 

Subbracteal nectar availability trends are similar in form. 

Squares possess subbracteal nectaries upon initiation, but nectar 

secretion does not begin until maximum bract width is 2.5-3.1 cm. 

When secretion begins, only one or two nectaries are active. By 

the time a square has matured to an open blossom, all nectaries 

have become functional. Availability remains at nearly 100% during 

early boll formation. In the susceptible and mature boll stages, 

only one or two nectaries possess collectable volumes. Circum

bracteal nectaries are functional only in blossoms and young bolls. 

Volumes average O.2pL/blossom or young boll. 

There were significant differences among plant strata in 

the percent of leaves with nectar available (Table 18). Leaf nectar 
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Table 17. Mean early season extrafloral nectar volumes (pL +/- S.E.) 
for Deltapine 41 under furrow irrigation. 
Sacaton, AZ; 1981. 

AM 1..1 PM 1..! 

Nectar source 2/ n - area 1/ vol.!:..! 2/ 
n - area 1/ 4/ vol.-

Leaves 7 NS 0.19 4 NS 0.19 
(6/19- (0.4) (6/19- (0.09) 
7/13) 7/03) 

Squares 5 NS 2.2 3 NS 2.02 
(6/15- (0.36) (6/19- (0.52) 
8/03) 7/30) 

Blossoms 3 NS 9.38 3 NS 11. 27 
(6/25- (2.02) (6/23- (4.26) 
7/06) 7/03) 

Young bolls 8 9.25 
(6/25- (1.55) 
8/03) 

Susceptible bolls 3 1.98 
(7/20- (0.48) 
8/03) 

Mature bolls 3 1.92 
(7/20- (0.54) 
8/03) 

1/ AM=maximum secretion, PM=minimum secretion times as reported by 
Butler et ale (1972). 

l/ number of sample dates in time period. 

1/ Results of ANOVA for HW-M-TW area effect on nectar volume. NS= 
no significant area effect. 

~/ Mean volume per source for field. 
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was found primarily in the mid and terminal plant regions. During 

the PM collection, stratification increased as top leaves demonstrated 

the greatest availability. 

Table 18. Mean percent extrafloral nectar availability of leaves by 
plant strata for Deltapine 41 under furrow irrigation. 
Sacaton, AZ; 1981. 

n 11 top II middle bottom 

AM collection II 7 73.1 a 66.8 a 29.1 b 

PM collection II 4 78.3 a 63.3 b 19.2 c 

number of sample dates, 6/18-7/16. 

II % mean number of leaves with collectable volumes of nectar. 
Means within collection period not followed by the same letter 
are significantly different, P <0.05, as determined by 
Duncan's MUltiple Range test. See text for strata classification. 

II Times of maximum and minimum nectar secretion, respectively, as 
reported by Butler et al. (1972). 

Drip and furrow (1982). Leaf nectar volume in the middle and 

top plant strata are contrasted in Figure 14. Under drip and furrow 

irrigation, mean volume increased as the early season progressed. 

This pattern was amplified by water application in the furrow field. 

Results of t-tests indicate significant volume differences between 

middle and top strata in plants under furrow. 
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p ~ 0.05. 



Availability in top leaves increased steadily, whereas mid 

leaves evidenced a more fluctuating pattern (Table 19). Top leaves 

were more often found to have nectar available than mid, as is demon

strated in Table 18. Irrigation method appeared to have an effect on 

availability. Percent values for mid leaves were greater in furrow 

than drip. Mean availability in mid leaves for the early season was 

60% in furrow and 55.2% in drip. The reverse was observed for top 

leaves. Mean availability in drip (64.9%) was greater than that in 

furrow (61.6%). 

Under drip and furrow irrigation, subbracteal nectar volume 

increased as fruiting progressed. Although more subbracteal nectar/ 

ha was collected from plants under drip, a t-test for this difference 

was not significant (Table 20). 

Total Soluble Solids 

Middle leaf, blossom, and young boll nectar sugar concen

tration decreased throughout the early season (Tables 21 and 22). No 

definite trends were detectable for squares and top leaves. For the 

most part, total soluble solids were greater in nectar from the 

furrow field than from drip. Sugar concentrations in the furrow 

field were lower shortly after a water application. 
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Table 19. Mean percent availability of leaf nectar by plant strata 
for Deltapine 90 under drip aod furrow irrigation. 
Coolidge, AZj 1982. 

6/10 2:../ 

6/14 

6/17 2:../ 

6/24 

6/28 

7/01 

7/05 2:../ 

7/09 

7/19 2:../ 

7/26 

8/02 

t-test 2/ 

x 

mid 1.1 

32.5 
0-80 

25.0 
0-60 

33.8 
0-60 

69.0 
(20-100) 

85.0 
(60-100) 

68.8 
(60-100) 

77.5 
(60-100) 

68.8 
(60-80 ) 

82.5 
(60-100) 

56.3 
( 0-80 ) 

60.0 
(20-100) 

55.2 

Drip 

NS 

top 

33.8 
0-80 

42.5 
0-80 

48.8 
(20-80 .) 

63.0 
(40-80 ) 

77.0 
(60-100) 

62.5 
(40-100) 

87.5 
(60-100) 

77.5 
(60-100) 

72.5 
(lI0-100) 

72.5 
(60-80 ) 

76.3 
(40-100) 

64.9 

mid 1.1 

46.3 
0-80 

45.0 
(20-80 

35.7 
0-80 

54.0 
0-100) 

73.0 
(60-100) 

67.5 
(60-100) 

58.8 
(20-80 ) 

87.5 
(60-100) 

58.8 
(40-80 ) 

75.0 
(40-100) 

58.8 
(40-80 ) 

60.0 

Furrow 

NS 

top 

28.8 
0-80 

40.0 
. ( 0-80 

35.7 
(40-60 

60.0 
(40-100) 

74.0 
(40-100) 

55.0 
(40-100) 

78.8 
(60-100) 

85.0 
(60-100) 

53.8 
(40-60 ) 

83.8 
(80-100) 

82.5 
(60-100) 

61.6 

1/ Mean percent of leaves with collectable volume of nectar 
(range). n=20, 5-leaf sets per date in each field. See text 
for strata classification. 

2:../ Approximate dates of furrow irrigation. 

1/ t-test for % availability in mid and top leaves, NS=difference 
not significant, P <0.05. 
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Table 20. Mean subbracteal nectar production in Deltapine 90 
under drip and furrow irrigation. 
Coolidge, AZ; 1982. 

Drip ]j Furrow 

7/05 2:../ 0.17 0.11 

7/12 0.29 0.28 

7/19 .2:../ 0.93 0.85 

7/29 3.71 2.23 

3/ 
t-test - NS 

X of D-F 0.47 

1/ Mean volume in L/ha. 

2:../ Approximate dates of furrow irrigation. 

l/ Results of t-test. NS=no significant volume difference 
between drip and furrow, P.(0.05. X=mean volume 
difference. 
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Table 21. Mean percent total soluble solids by strata of 
leaf nectar from Deltapine 90 under drip and furrow 
irrigation. Coolidge, AZ; 1982. 

Drie Furrow 

mid 11 top mid 11 top 

6/10 ']) 71.0 67.8 76.0 
(70-72 (61-75 76 

6/14 55.8 61.2 71.7 
(47-70 (48-75 (64-79 

6/17'1.1 59.0 65.8 57.0 61.1 
(51-74 (52-66 (42-72 (48-76 

6/24 66.2 71.6 61.9 66.7 
(48-74 (70-75 (51-68 (42-72 

6/28 66.8 57.0 65.8 67.4 
(62-70 (51-65 (53-72 (51-74 

7/01 69.9 62.9 71.9 67.2 
(65-74 (54-70 (66-76 (58-73 

7/05 '];./ 61.4 60.0 73.8 69.8 
(71-76 ( 63-76 (55-68 (56-69 

7/09 60.5 64.4 63.6 62.5 
(52.5-72) (56.5-74) (44-68.5) (55-72 

7/19 '];./ 57.5 64.7 68.6 67.1 
(50-63 (59-71 (59-71 (57-73" 

7/26 59.4 64.8 56.6 61.5 
(45-71 ( 54-72 (42-64 (57-74 

8/02 57.6 66.6 61.8 67.6 
(32-69 (63-71.5) (56-72 (60-72 

3/ 
t-test - NS NS 

X of M - T -3.18% -1.10°1. 

1/ Mean percent of total soluble solids (sugars) for leaf nectar 
(range). n=20, 5-1eaf sets per date in each field. See text 
for strata classification. 

'];./ Approximate dates of furrow irrigation. 

~/ t-test for % t. sol. in mid and top leaves, NS=difference 
not significant, P <0.05. 
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Table 22, Mean percent total soluble solids in subbracteal nectar from Deltapine 90 under drip 
and furrow irrigation. Coolidge, AZ; 1982. 

7/05 'l) 

7/12 

7/19 '!:../ 

7/26 

8/02 

square 

64.5 
( 64.5 

64.2 
(62-64 

63.5 
(60-67 ) 

Drip 

1/ blossom y. boll s. boll -

68.6 
(63-71 

72.7 
(68-76 

69.4 70.4 72.2 
(67.5-73) (59-75.5) (71-74 

63.8 
(61-68 

68.4 59.0 
(64.5-71) ( 59.0 

54.1 
(34-68 ) 

60.4 
(40-72 

61.3 62.2 
(42-70.5) (39-71 ) 

56.6 
"( 42-70 ) 

51.1 
(35-69 

square 

66.0 
(65-67 ) 

60.8 
(48-67 ) 

67.5 
(62-73 

Furrow 

blossom y. boll s.boll 

72.7 
(69-75 

68.4 
(55-70 ) 

70.1 
(67-74 

78.2 
(76-80 

71.1 
(64.5-75.5) 

74.4 
(70-75.5) 

60.5 64.3 61.5 
(50-71 (40-71.5) (50-71 ) 

64.9 
(47-61 

66.5 61.5 
(55-75.5) (42-71 ) 

!/ % total soluble solids (range) by age of fruiting structure. n=1-16 readings per age class in 
each field per date. y=young, s~susceptible. 

'!:../ Approximate dates of furrow irrigation. 
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The Phenology of Extrafloral Nectar Production 

During the initial weeks of plant growth, leaf nectaries 

were dry, or produced negligible volumes. Secretion increased 

rapi,dly when plants had attained the 7-12 node stage (ca. mid

June). Leaf nectar was most abundant in the actively growing 

plant regions, as represented by the mid and top strata (Table 18 

and Figure 14). Availability and volume increased during the 

early season, peaked in mid-July, then began to taper off (Table 

19). Nectar production by monopodial leaves (bottom) was scant 

and short-lived. Sympodial leaf nectar begins to appear shortly 

after the initiation of squaring (Adjei-Maafo and Wilson 1983a). 

Adjei-Maafo and Wilson (1983a) found mainstem leaves 

produce a much larger percentage of the total nectar volume per 

plant than both sympodial and monopodial leaves. This supports 

the finding that volumes in mid strata tended to be greater than 

those in the top. This difference was significant only under 

furrow irrigation (Figure 14). 

Increases in percent availability, the number of structures 

per hectare, and volume per structure all contributed to the late

July peak in subbracteal nectar production (Table 20). A late

July peak in total extrafloral nectar has been reported by others 

(Butler et al. 1972 and Yokoyama 1978). Adjei-Maafo and Wilson 

(1983a) note two peaks in extrafloral nectar. The first was at

tributed primarily to production by leaves, and the second to a 

maximum in subbracteal nectar. Butler et al. (1972) estimated 

peak production at 4 L/ha, a daily mean embracing all time periods. 
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Estimates in the current study include subbracteal nectar only, 

but this comprises the major percentage of extrafloral nectar. 

Irrigation system and plant population profoundly influenced per 

hectare estimates. 

The nectar sugar concentration of Gossypium flowers 

decreases until peak production (Waller, Wilson, and Martin 1981). 

The 1982 results indicate most extrafloral nectar sources follow 

a similar pattern throughout the early season (Tables 21 and 22). 

A lower rate of decline in soluble solids continues throughout the 

period of boll formation (Yokoyama 1978). 

Extrafloral nectar sugar concentration remained two to 

three times that reported by Waller et ale '(1981) for floral 

nectar. This difference may be attributable to the fact that 

extrafloral nectaries are completely exposed to the air, thus 

more subject to evaporation than are floral nectaries. 

Irrigation 
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Nectar volume was influenced by irrigation timing and method. 

Under furrow irrigation, leaf volumes tended to increase a few days 

after water application, then declined as water stress began to build 

(Figure 14). Volume increases were steadier under drip irrigation, 

possibly attributable to the almost daily schedule of water. Under 

the furrow system, water applied near the period of peak leaf nectar 

production resulted in a marked volume surge not noted under drip. 

Top leaves demonstrated fewer fluctuations in availability than mid 



leaves. Perhaps in this strata, leaf nectar production is more 

profoundly affected by internal transport systems associated with 

growth than by soil moisture. 
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The larger subbracteal volumes per hectare observed under 

drip irrigation (Table 20) resulted from larger volumes per structure 

and a greater plant population. This difference was most profound 

during the late-July production peak. 

Extrafloral nectar fluctuations associated with irrigation 

timing are important to pest management. Using a computer fore

casting model, Slosser (1980) found Heliothis zea hazard can be 

reduced by not irrigating 7-10 days after peak oviposition. Timing 

resolution could be further enhanced by not applying water near leaf 

and subbracteal peaks. Irrigation timing may be a technique to 

reduce the hazard of other nectar-feeding pest species, such as the 

pink bollworm. By placing extrafloral nectar peaks on a physio

logical time scale and comparing them with predicted oviposition 

peaks, nectar resources could be manipulated at a critical time. 

Irrigations could be scheduled to insure that nectar and oviposition 

peaks were not synchronized. 

Yokoyama (1978) reported trends in nectar volume were not 

affected by atmospheric humidity; however, the weather data reflected 

ambient, not within-field conditions. Butler et ale (1972) deter

mined a significant positive correlation for nectar/plant vs. RH. 

Nectar volume increases appear to parallel canopy decreases in VPD 
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(Figure 6). Extraf10ra1 nectar volume increases thus 

result from the combined effect of several factors, including physio-

logical processes and microclimate. 

As a significant positive correlation -also exists between 

sugar/plant and RH (Butler et a1. 1972), the higher total soluble 

solids readings from furrow nectar may be attributable to VPD. 

Although these studies were conducted on the standing crop and were 

thus subject to insect foraging and environmental and cultural 

variables, similar results were obtained by Adjei-Maafo and Wilson 

(1983a) under greenhouse conditions. As canopy VPDs for drip and 

furrow were not significantly different and plant popUlations were 

comparable, the greater nectar volumes observed under the drip method 

probably represent real increases over furrow. 

The Effect of Extrafloral Nectar on 
Insect Distribution 

The phenology of extraf10ra1 nectar production may give clues to 

reasons for seasonal changes in the spatial associations of insects. 

In no-choice cage trials, Adjei-Maafo and Wilson (1983a) found a greater 

than 80% correlation between Heliothis punctigera Wallengren egg lay and 

nectar production. This association remained until shortly after the 

peak squaring period. Oviposition peaks were synchronized with extra-

floral nectar production. 

Field studies indicate that as fruiting and boll formation 

progress, Heliothis increase oviposition on fruiting structures 
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(Wilson, Gutierrez, and Leigh 1980). Oviposition is often interspersed 

with nectar-feeding (Phillips and Whitcomb, 1962). Shortly after 

sunrise, H. zea moths were often observed flying among plant tops, 

imbibing nectar from accessible subbracteal nectaries. Field areas 

where nectar is most abundant due to water relationships or plant 

growth characteristics may sponsor initial immigrations of Heliothis 

and nectar-feeding moths of other pest species. 

Extrafloral nectar productivity and microclimatic changes offer 

explanations of seasonal variations in within-plant insect distri

butions. During the pre-squaring stage of cotton plants, Cosper, 

Gaylor, and Williams (1983) noted Geocoris primarily inhabited plant 

terminals. As squares began to enlarge, population distribution began 

to change. As fruiting structures matured, a larger proportion of the 

Geocoris populations were found on fruit, rather than terminals. 

Preference for fruiting structures has been suggested for other pre

dators, such as ~ and Nabis (Wilson and Gutierrez 1980). 

After fruiting structures were formed, Cosper et al. (1980) 

found a large percentage of Geocoris were found between the fruit and 

bracts. As plant growth progressed, ~ nymphs were often noted on 

the tiny young bolls, interior to the bracts. Circumbracteal nectaries 

also are locdted in this area, and are active during the young boll 

stage. 

Lastly, within-plant distribution changes may also be a response 

to decreasing VPD within the canopy. ~ and Geocoris have high water 

requirements and under high temperatures, lose greater than 50% of their 
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body weight in water each day (Cohen 1982). As canopy development 

creates a microclimate more humid that the terminal area, a negative 

response to moisture stress could explain distribution changes. 

Variety 

Extrafloral nectar production in DPL 90 and 41 are contrasted 

in Table 23. As the two varieties were planted at different times; 

dates were chosen when the mean number of mainstem nodes was compar

able. At the 16 and 19-node stages, nectar vol/structure and vol/ha 

were several times greater in DPL 41. 

Marked availability differences were observed between var

ieties. In DPL 90, initial fruiting structures were often devoid of 

nectaries, or possessed only one to two that were functional. The 

complement of fully differentiated and functional subbracteal nec

taries was apparent on structures at node 11 and above. Often, 

subbracteal nectaries were present only on structures of the most 

distal sympodial fruiting positions. Circumbracteal nectaries were 

sparse, and nectar scant. 

In contrast, DPL 41 subbracteal nectaries were well defined 

and functional when the initial squares appeared. Occasionally, the 

first fruiting body on the first sympodial position would be devoid 

of nectaries, but succeeding positions possessed defined and func

tional structures. 
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Table 23. Mean extrafloral nectar volumes (pL +/- S.E.) for 
Deltapine 90 and 41 under drip and furrow irrigation. 
Coolidge, AZ; 1982. 

DPL 90 DPL 41 
Drip Furrow Drip Furrow 

16-node stage 

Top 1/ leaves - 0.7 0.39 1.14 1.1 
(0.13) (0.05) (0.22) (0.14) 

Mid leaves 0.5 0.32 1.07 0.73 
(0.62) (0.06) (0.18) (0.15) 

Squares 0 0 1. 41 2.04 
(0.4) (0.4) 

Blossoms 0.37 0.62 7.0 6.52 
(0.13) (0.26) (0.93) (0.94) 

Young bolls 1.03 0.85 7.08 5.39 
(0.54) (0.61) (1.15) (0.66) 

Susceptible bolls 0 0 1.05 0.4 
(0.19) (0.11) 

X total 
L/ha ]) subbracteal 0.16 0.14 3.64 2.19 



Table 23. continued. 

19-node stage 

Top 1/ leaves - 0.56 2.2 3.18 
(0.06) (0.21) (0.39) 

Mid leaves 0.48 1. 97 0.9 
(0.06) (0.27) (0.18) 

Squares 0.02 0 2.33 
(0.13) (0.59) 

Blossoms 0.98 1.77 11.65 
(0.22) (0.33) (1. 03) 

Young bolls 1.09 0.95 12.95 
(0.18) (0.22) (1. 18) 

Susceptible bolls 0.06 0 8.52 
(0.03) (2.94) (1. 36) 

X total 
L/ha 'l:J subbracteal 0.29 0.28 12.38 

1/ Means based on 20, 5-leaf samples and 16 fruiting 
structures per field. 

l/ Per ha conversion as described in text. 
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2.66 
(0.34) 

0.89 
(0.22) 

1.59 
(0.66) 

8.05 
(1.01) 

10.16 
(0.66) 

7.48 

5.64 



Butler et ale (1972) stated that extrafloral nectar volumes 

from the varieties Hopicala, DPL-16, and DPL Smooth-leaf were 

similar. The volume differences between DPL 41 and 90 evident in 
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Table 23 suggest phenotype may be an important determinant in 

extrafloral nectar production by certain varieties. The sharp 

contrast between varieties remained apparent under both irrigation 

systems. These findings are particularly interesting as Waller et 

ale (1981) examined 27 Gossypium cultivars, including DPL 90 and 41, 

and were not able to demonstrate signficant phenotypic differences in 

floral nectar production. 

Varietal differences in extrafloral nectar production would 

be an important consideration for field evaluations of nectaried and 

nectariless isolines for insect pest suppression. In laboratory, 

greenhouse, and field cage experiments, Benedict et ale (1981) re

ported the growth, survival, and oviposition rate and population 

increase of ~. hesperus were adversely affected by the nectariless 

trait. Some cultivars resulted in significant reductions, whereas 

others did not. It is important to note that significant reductions 

were noted only in field cage trials where insects were exposed to 

the entire plant and fruiting structures. In laboratory and green

house tests, cultivars and nectariless isolines were not signif

icantly different in lygus bug growth, survival, and oviposition. 

This is not surprising, as the experimental design inadvertently 

isolated the insects from most nectar sources on the plants. 
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Varietal ditterences in extrafloral nectar volume and avail

dbLlity are an important consideration in hybrid cotton production. 

Waller et al. (1 481) noted that once honey bees encounter extrafloral 

(lcctarics, they begin to visit them with considerable efficiency. 

Hybrid seed production depend5 upon honey bee visitation to male 

sterile tlowers. Thus varieties with scant extrafloral nectar would 

tend to force bees to floral nectar sources. 



CONCLUSIONS 

The abundance of lygus bugs in Arizona cotton was strongly 

influenced by irrigation method. Under drip irrigation, plant 

growth was advanced and less variable, stands were more dense, and 

plants were taller than under furrow irrigation. Plants grown 

under drip provided greater cover, a more humid microclimate, and a 

greater number of squares during late-May and early-June when 

adults were migrating into cotton fields. This combination of 

factors resulted in an environment that was highly favorable to 

L~~ts. Populations became established in drip and approached the 

economic threshold two to three weeks prior to those in furrow. An 

additional insecticide treatment was neccessary in the growing 

season to protect the cr?p from ~ damage. On an early--season 

basis, the percent of damaged squares was significantly greater 

in drip-irrigated cotton. 

Predator populations were not consistently greater under 

either irrigation system. Geocoris and Nabis populations were some

what larger in the furrow field, whereas Chrysopa abundance was 

comparable. 

Two indices were utilized to study insect aggregation. 

Taylor's index b, is obtained from a power law describing the 

relationship between' population mean and variance. Morisita's I 
g 

measures the diversity of frequency classes of counts. In general, 

both indices showed good agreement in magnitude among species and 
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age class within an irrigation method. The primary point of depar-

ture was in the establishment of statistical significance. I more 
g 

frequently indicated significant contagion than did Taylor's b. 

Most data sets demonstrated good fit to the power law. Taylor's 

coefficients ar~ statistically and biologically valid, possess the 

stability to characterize species and life stages, yet remain 

sufficiently flexible to reflect environmental changes. 

Insect spatial distribution patterns were modified by 

irrigation system. Under the conventional, furrow system, ~ 

adults tended to be clustered throughout the M and TW field areas. 

The degree of aggregation was highest in late-May and early-June, 

undergoing wide fluctuations until Poisson patterns prevailed after 

late-June. In drip-irrigated cotton, adults were less aggregated, 

tending towards a broad distribution throughout the M and TW. 

Nymphal clusters were approximately coincident with adult. For 

both nymphs and adults, the degree of aggregation was higher under 

the furrow system. Predator populations displayed a greater degree 
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of contagion in cotton grown by the furrow method, compared to drip. 

The SN and DC methods were compared for sampling ~ 

adults and nymphs. During the early season, there was a highly 

significant relationship between population estimates obtained by 

the two methods. The SN method indicated a higher degree of aggre-

gat ion among ~ that did the DC. This was also true for other 

insects evaluated. Using Taylor's coefficients to determine optimum 

sample size, the SN required more samples than the DC to attain 



the same level of precision. For both methods, more samples are 

required in cotton grown under furrow irrigation than that under 

drip. 
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Optimum sample sizes for ~-damaged .squares were compared 

to determine a sample design that would maintain a constant level 

of precision. Under drip irrigation, the level of damage was 

comparable along the span of the water line. Thus sample size 

should be similar throughout the field. However, as the region 

nearest the emitter was the most variable, it should be excluded by 

field scouts. Under furrow irrigation, the percent of damaged 

squares was lowest in the HW, but was Significantly greater in the 

TW field areas. This neccessitates twice as many samples from the 

HW as in the M and TW. Scouts must sample this region as exclusion 

would result in a positively biased damage estimate. 

Leaf nectar was most abundant in the middle and top plant 

regions. Volume and availability increased during the early season, 

peaked in mid-July, then tapered off. Subbracteal nectar volumes 

were greatest during the blossom and young boll stages, and volume/ha 

reached a maximum in late July. Extrafloral nectar total soluble 

solids generally increased during the early season. 

Vapor pressure deficits within the canopy decreased contin

ually until mid- to late-July, then tended to level off after canopy 

closure. There was no significant difference in VPD between the drip 

and furrow systems; however, drip averaged slightly lower deficits. 

Extrafloral nectar was more abundant in drip-irrigated cotton than 
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in that under furrow, but the difference was not significant. Greater 

volumes per hectare in drip were attributed to increased volume per 

structure, denser plant populations, and lower within-canopy VPDs. 

Under furrow irrigation, field areas with advanced fruiting patterns 

were also advanced in the production of extrafloral nectar. At the 

16- and 19-node stage, subbracteal and leaf nectar volumes were 

greater in DPL 41 than in DPL 90. 

In drip-irrigated cotton grown under the production system 

utilized in this study, the development of ~ pest potentials was 

advanced over that in furrow. Insecticide treatment at the economic 

threshold was neccessary in drip about two weeks prior to furrow. 

Greater plant height, more dense plant populations, advanced growth, 

and lower canopy VPDs rendered drip-irrigated cotton more favorable 

to ~ establishment than furrow. The observed differences between 

the drip and furrow systems in plant growth and the distribution and 

abundance of lygus bugs neccessitates a re-evaluation of current 

scouting techniques for pest management. It is essential to deter

mine if ~ pest potentials in drip-ir.r.igated cotton remain above 

those in furrow under other methods of production management. If so, 

yield loss due to lygus bug damage must be balanced against the re

portedly greater productivity of drip-irrigated cotton. 



APPENDIX A 

Table AI. Aggregation indices for Chrysopa nymphs from drop cloth samples. Furrow 
irrigation; Sacaton, AZ; 1981. 

31 M .. , 41 
II 21 Tax:lor's - 2 orl.Sl.ta s -

Area - n - a P b P r I P 
g 

HW 14 0.66 * 0.82 NS 0.92 0.42 * 
(0.25) (0.15) 

M 13 1.12 NS 1.01 NS 0.7 1. 76 NS 
(0.72) (0.44) 

TW 13 0.82 NS 0.9 NS 0.87 0.74 NS 
(0.44) (0.24) 

Field X 0.87 0.91 1.43 

11 HW=headwater, M=middle, TW=tailwater. 

~I number of sample dates with Chrx:sopa present. 

II Taylor's coefficients (+1- S.E.). NS=not significantly different from random. 

~I Morisita's index. NS=not significantly different than random. *=P<0.05. 

..... ..... 
a 



Table A2. Aggregation indices for Chrxso~a. Drip and furrow irrigation;. Coolidge, AZ; 1982. 

Sample 1/ Life 31 
51 Horisita's §.I 

1'Y 41 Taxlor's - 2 method - stage - n - a P b P r 1 P 
g 

DC D A 8 0.72 NS 0.39 ** 0.99 0 
(0.16) (0.70) 

N 6 3.73 ** 1.49 ** 1.0 3.86 NS 
(0.0) (0.0) 

DC F A 7 0.75 ** 0.92 ** 0.99 0 
(0.15) (0.06) 

N 5 6.09 ** 1.77 NS 0.92 4.91 ** 
(2.12) (0.95) 

SN D A 14 1.47 * 1.21 NS 0.70 2.69 ** 
(0.53) (0.50) 

N 7 1.46 NS 1.16 NS 0.95 1.85 NS 
(0.70) (0.32) 

SN F A 15 1.99 ** 1.31 ** 0.94 3.84 ** 
(0.31) (0.i9) 

N 4 0.99 NS 1.02 1.0 0 
(0.64) (0.3) 

!I DC;drop cloth, SN;sweep net. 

'1:.1 D;drip irrigation, F;furrow irrigation. 

!J A;adult, N;nymph. 

~I number of sample dates with Chrxsopa present. 

'j/ Taylor's coefficients (+1- S.E.). NS;not Significantly different from random. 
*;P<0.05, **;P<O.Ol. 

61 Horisita's index. NS;not significantly different than random. **;P<O.Ol. ..... - ..... ..... 



Table A3. Aggregation' indices for Geocoris from drop cloth samples. Furrow irrigation; 
Sacaton, AZ; 1981. 

Life 2/ 
4/ Morisita's 2.1 

Area !I 3/ TaIlor's - 2 
stage - n - a P b P r 1 P 

g 

HW A 11 0.85 NS 0.89 NS 0.77 1.10 NS 
(0.66) (0.34) 

N 11 1.29 NS 1.14 NS 0.93 1.46 NS 
(0.37) (0.64) 

M A 13 1.02 NS 0.96 NS 0.65 1.16 NS 
(0.81) (0.47) 

N 13 1.07 NS 1.04 NS 0.90 1.43 NS 
(0.37) (0.27) 

TW A 12 0.79 NS 0.85 NS 0.64 1.04 NS 
(0.91) (0.49) 

N 11 0.85 NS 0.91 NS 0.82 1.88 NS 
(0.50) (0.32) 

Field X A 0.89 0.9 1.16 

N 1.07 1.03 1.59 

!I HW=headwater, M=middle, TW=tailwater. 

y A=adult, N=nymph. 

1.1 number of sample dates with Geocoris present. 

!i/ Taylor's coefficients (+/- S.E.). NS=not significantly different from random. 

2.1 Morisita's index. NS=not significantly different than random. I-" 
I-" 
N 



Table A4. Aggregation indices for Geocoris. Drip and furrow irrigation; Coolidge, AZ; 1982. 

Sample 1/ 
I 1:.1 Life 31 41 TaIlor's 1.1 2 

Horisita's !!.I 
method - stage - n - a P b P r I P 

g 

DC D A !I 0.59 NS 0.71 NS 0.67 0.55 NS 
(0.72) (0.50) 

N 8 1.05 NS 1.03 NS 0.90 1.24 NS 
(0.73) (0.15) 

DC F A 12 0.98 NS 0.97 NS 0.86 1.53 NS 
(0.53) (0.28) 

N 9 1.14 NS 1.05 NS 0.80 1.37 NS 
(0.69) (0.27) 

SN D A 11 1.28 NS 1.23 NS 0.87 2.15 ** 
(0.51) (0.35) 

N 6 LOS NS 1.05 NS 0.99 1.38 NS 
(0.28) (0.11 ) 

SN F A 3 1.19 NS 1.16 NS 0.87 1.80 ** 
(0.35) (0.30) 

N 11 0.97 NS 0.99 NS 0.84 1.00 NS 
(0.64) (0.33) 

!I DC=drop cloth, SN=sweep net. 

1:.1 D=drip irrigation, F=furrow irrigation. 

"J.I A=adult, N=nymph. 

!!..I number of sample dates Geocoris present. 

1.1 Taylor's coefficients (+1- S.E.). NS=not significantly different from random. 

!!.I Horisita's index. NS=not significantly different than random. **=p <0.01. 

...... ....... 
(...l 



Table AS. Aggregation indices for Nabis from drop cloth samples. Furrow irrigation; 
Sacaton, AZ; 1981. 

Life 2/ 
4/ Morisita's ~/ 

1/ 3/ Taylor's - 2 
Area - stage - n - a P b P r I P 

g 

HW N 6 0.77 NS 0.84 NS 0.6 0.91 NS 
(0.58) (0.96) 

M A 9 1.61 NS 1.14 NS 0.83 2.94 * 
(0.90) (0.46) 

N 8 1.08 NS 1.03 NS 0.82 1.18 NS 
(0.86) (0.49) 

TW A 8 0.71 NS 0.78 NS 0.57 0.94 NS 
(1. 12) (0.28) 

N 7 0.92 NS 0.98 NS 0.91 1.11 NS 
(1.86 ) (1.01) 

Field X A 1.16 0.96 1.94 

N 0.92 0.95 1.07 

!I HW=headwater, M=middle, TW=tailwater. 

2:./ A=adult, N=nymph. 

'}./ number of sample dates with Nabis present. 

!i/ Taylor's coefficients (+/- S.E.). NS=not significantly different from random. 

:dJ Morisita's index. NS=not significantly different than random. *=P <0.05. 
...... 
...... 
+-



Table A6. Aggregation indices for Nabis. Drip and furrow irrigation; Coolidge, AZ; 1982. 

Sample 11 Life 31 
51 Morisita's f!..1 

1'Y 41 Ta:z:lor's - .2 method - stage - n - a P b P r 1 P 
g 

DC D A 9 0.84 NS 0.96 NS 0.99 0.82 NS 
(0.21) (0.12) 

N 4 3.73 ** 1.49 ** 1.0 5.14 ** 
(0.0) (0.0) 

DC F A 12 0.83 NS 0.96 NS 0.86 1.0 NS 
(0.36) (0.27) 

N 8 0.76 ** 0.92 * 0.99 0.57 NS 
(0.15) (0.7) 

SN D A 11 1.16 NS 1.02 NS 0.Q8 1. 78 ** 
(0.17) (0.12) 

N 4 0.Q9 NS 1.02 NS 1.0 0 
(0.23) (0.08) 

SN F A 14 1.14 NS 1.06 NS 0.C)3 1.38 ** 
(0.16) (0.18) 

N 7 1.15 NS 1.03 NS 0.9 2.18 * 
(0.0) (0.0) 

!I DC~drop cloth, SN~sweep net. 

'!J O~drip irrigation, F~furrow irrigation. 

21 A~adult, N=nymph. 

!il number of sample dates with Nabis present. 

'].1 Taylor's coefficients (+1- S.E.). NS=not significantly different from random. *~P<0.05, 

**~P<O.Ol. 

f!..1 Morisita's index. NS=not significantly different than random. *=P <0.05, **~P<O.Ol. 
I-' 
I-' 
\.J1 
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