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ABSTRACT

Feeding differences among three sexually distinct
populations of Lygus hesperus Knight5 evaluation of alfalfa
polycross progenies5 and selection of alfalfa seedlings for
resistance to L. hesperus. were studied. ,

■ -----Feeding damage; by populations of males, females and 
an equal mixture of both sexes of L_. hesperus under two 
insect-to-plant ratios was investigated. . An infestation 
ratio of:one adult to one seedling was inconclusive because 
feeding:differences could not-be resolved among the popula-y - 
tions.: An infestation ratio of. one adult to two seedlings 
produced sufficient seedling mortality to separate feeding 
ability of each sexually .distinct population. Females de
stroyed more seedlings than males when sexes were separated. 
When sexes were equally combined9 seedling mortality was 
intermediate.

Data on the evaluation were transformed by: Yp (per
cent seedling survival) <, Yg (arcsin Yq), and Yg (Yq - percent 
survival susceptible check). Significant .differences were 
found at the 0.02 level among: polycross progenies only: in 
the Yg data. Significant -differences were found among rep
lications for all three : set's of. data. Entries 1T-64-1-521 
and 'T-4-1-39' had the highest percentage seedling survival.

viii



Selection of over l8o seedlings was made after the 
evaluation test. Seed from the selected plants will repre
sent the third cycle of reselection for resistance to L, 
hesperus in alfalfa.



INTRODUCTION

The lygus bug, Lygus hesperus Knight, is one of the 
most destructive insect pests on crops in the southwestern 
United States. It attacks a wide range.of hosts, including 
alfalfa., cotton, and numerous seed crops. Losses of alfalfa 
seed to lygus-*- have been as high as 200 to 300 pounds of seed 
per acre in Arizona. (Stitt 1940). Variable types of damage ; 
to alfalfa caused by lygus make evaluation of economic loss 
difficult to determine, but Carlson (1950) reported that lygus 
controlled alfalfa plots yielded approximately- eight times 
more seed than noncont,rolled plots.

Lygus,also have an indirect effect on other ,crops. 
Cotton, a severely,affected crop> ,is often treated,early in 
the season for lygus control (Palcon el al. 1971)> Chemicals 
effective against lygus are broadly toxic: and thus highly de
structive to entomophagous and parasitic arthropods. These . 
chemical controls for lygus may result In post-treatment 
outbreaks of nontarget pests. Lygus hesperus has developed 
resistance to some organoehlorines and organophosphates 
requiring larger dosages of the toxins and more frequent 
applications (Leigh et al. 1977). . .

1. When uncapitalized, "lygus" is used in the sense 
of a generally accepted common name, either singular or 
plural.

1



2
Lygus leave alfalfa when it is cut, grazed, or plowed 

under. Many lygus bugs fly to undisturbed alfalfa fields or 
they may move into susceptible cotton and cause damage, Lygus 
prefer to live and breed in alfalfa, which is abundant and 
available throughout the year in the southwest (Sevacherian 
and Stern 1974, 1975)« Thus, alfalfa may act as a trap .crop. 
Development . and implementation of efficient lygus control 
measures wouid:dye: most effectiveyif ; resistant varieties ■ of : 
alfalfa were developed. The use of insect resistant vari
eties. offers one of the best ways of increasing.yields and 
controlling.insects without the potential dangers or costs 
of chemical control (Painter 1966).

This study deals with damage caused by populations 
of Lygus hesperus feeding- on seedling alfalfa and appraisal 
of non-hardy iyp.es. of alfalfa, for lygus resistance.... The 
primary objectives were (1) quantify differences in feeding 
intensity among populations of males 9 females, and equal 
populations of both sexes under two insect-to-plant ratios,
(2) evaluate 107 alfalfa polycross progenies for resistance . 
to L. hesperus,, and (3) select surviving plants for resistance 
studies.



.LITERATURE REVIEW

Lygus Bugs

Taxonomic Position
Lygus hesperus wa,s described by Knight (1917) as 

Lygus elisus var. hesperus from type specimens collected 
from alfalfa in,California. Similar specimens:of the 
species were collected from British Columbia; Idaho, Nevada3 
Oregon, Texas, Utah, and Washington. : Shull (1933) gave the 
variety hesperus specific rank. The species was placed in 
the old world genus Liocoris by Kelton (1955), but was later 
returned to the new world genus Lygus by Carvalho (1959) •

Morphology
Species of lygus have,a similar general appearance 

although there are differences in size, color, and pubescence. 
The head is nearly vertical, and the eyes, are large, and con
spicuous. Length of the rostrum can vary considerably. The 
body of adult L. hesperus males vary from 5.32 to 6.50 mm in 
length and .2.38 to 2.:6S w, in width. The rostrum varies 
from 2.#5 to 2.66 mm in length. Pubescence on the hemelytra .. 
is long and dense. The body of adult females vary from 5.60 
to 6.30 mm in length and 2.52 to 2.80 mm in width. The 
rostrum varies from 2.52 to 2.73 mm in length. Lygus hesperus

3



4
females are similar to the males in pubescence, but are more 
robust.

Overwintered adults were similar to the summer adults 
except overwintered adult males were somewhat darker brown 
on the pronotum and hemelytra, whereas corresponding parts 
of the females were pinkish (Keltonl975)°

In size, appearance and length of rostrum, L.hes- 
perus resembles L. shulli, but the.latter's rostrum has 
shorter pubescence. - Lygus hesperus is also quite similar' 
to L«, subrassignatus, but the twospecies . are geographically 
isolated (Kelton 1975)»

Distribution '
Lygus hesperus is a common polyphagous insect- found 

in the western United States, Mexico, and parts of Canada 
(Kelton 1955):i: In the southwestern,: Rocky Mountain,; and .
Pacific states, L..hesperus is one of the dominant alfalfa- 
infesting lygus species. In southern Arizona, L. hesperus 
comprises over 91^ of all lygus species present (Clancy 1968).

Life History
Populations of adult lygus bugs in.Arizona alfalfa 

fields generally increase.at a relatively steady rate during 
the spring, and decline, at a similar rate in the late summer 
and fall (Butler and:Wardecker 1970).Lygus overwinter as 
adults in Arizona in a state of reproductive diapause.
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Overwintered adults persist to the end of July. Summer 
adults first appeared in early June and continue to emerge 
through July and August (Kelton 1975).

Overwintered adults of L. hesperus were reproductive- 
ly active by mid-January. There was sufficient evidence to 
indicate that only the last group of eggs deposited by over
wintering females hatch, producing the 'spring nymphs. The 
incubation period varied from six to twelve days (Champlain 
and Butler 1967, Strong et al. .1970), with duration of 
nymphal stadia from seven to 24 days depending on . environ- . 
mental factors (Stitt 1940, Sorenson 1946, Strong and Sheldah 
1970, Butler and Wardecher 19715: Mueller and; Stern 1973). .. 
Nymphs that hatched on. or about August 20 became, the dia.-r 
pausing adults, but nymphs were induced to diapause before . 
reaching the adult stage•by a photoperiod Of. less than 13.5 
hours (Beards':and :Strong.1966). Adults began mating when 
they were eight days old. One mating ̂allowed: the. female to 
oviposit viable eggs for the remainder:of her life. Repro
ducing .females lived an average of 38 days (Strong et al. 
1970).

Hosts ■■
Lygus hesperus is especially destructive on alfalfa, 

beans, sugarbeets,: cotton, strawberries, carrots, safflower, 
tomatoes, and Magnolia stock (Sorenson 1936, 1939; Carlson 
1940j 1956, 1964; Hills 1941, 1943; Dunnam, Clark and Calhoun



1943; Mid.dJekau.ff and Stevenson 1952; Elmore 1955.1 Arnott 
1956; Allen and Goede 1953; Davis, McEwen and Robinson 1963; 
Koehler 1963)» Lygus have several winter weed hosts in 
Arizona which include bitter rubber weed, Actinea odorata 
Ktze, sow bane 5 ghenopodium mural e L.«, and winter mustard,. 
Sisymbrium irio (Stitt, 1940), Scott's (1977) annotated 
list of host plants of L. hesperus showed more than 100 
species of plants, in 24 families„

Damage and Feeding Behavior
Lygus damage to alfalfa seed crops was first reported 

by Sorenson - (1932)• They usually fed at the growing: tips, . 
internodes, and on'flowers and seeds of alfalfa plants 
(Jeppson and MacLeod 1946). ■ Damage to alfalfa flowers and• 
seeds resulted in economic loss (Sorenson 1946). Such feed.-, ; 
ing action also caused several types of plant damage: (1)
abscission, of the fruiting body, (2) necrosis, (3) production 
of shriveled Seeds, and (4) reduction of vegetative growth \ 
(Strong 1968)e All: pest species of lygus share a common 
characteristics they feed, preferentially on the meriste- 
matte tissue or on developing reproductive organs.

Before f e e d i n g L . hesperus released a small droplet.
(ca. 0.1 microliter) of watery saliva from the rostrum tip 
onto the host feeding site. Deposition of droplets was 
repeated several times. The saliva contained a potent . 
polygalacturonase capable of rapid plant cell digestion:



(Strong and Kruitwagen 1967s 1969).• At regular intervals, 
the bug sucked up one or more of the droplets. Miles (1968) 
explained it as "tasting" to find a satisfactory host. If 
the "taste" was "agreeable," the bug immediately inserted 
its stylets, which can penetrate to a maximum depth of 2 mm. 
During feeding the stylets were sometimes partially withdrawn 
and reinserted several times. Flemion, Ledbetter and Kelly 
(1954) observed similar stylet activity in L. linediaris.
While lacerating the tissues, the bug released copious 
amounts of saliva, from the tip of the stylet bundle. The 
saliva probably.originated from the.posterior lobe of the 
salivary apparatus, for it contained large amounts of poly-., 
galacturonase (Strong and Kruitwagen 1968). After laceration, 
the stylet bundle remained stationary while the bug ingested 
the fluids released through cell laceration or by enzymatic 
action of the saliva. These activities of laceration, 
salivation,, and. ingestion were repeated for about ten min
utes, until tissue within reach of stylets was obliterated 
and depleted of its fluids (Strong 1970). This injury 
apparently resulted in the blasting of floral parts, loss 
of buds, and malformation Of seeds (Shull, Rice and Cline 
1934). :



Plant Resistance 
Chemical insecticides, long used as the primary 

method of lygus control, are under scrutiny due to concern 
over environmental contamination and increased insect resist
ance to these substances (Lieberman 1$45, 1946; Bottger and 
Sparks 1962; Leigh and Jackson 1968; Andes et al. 1955?
Bacon, Riley and Zweig 1964)„ Because of these problems, 
alternative methods of control were needed. Predators and - 
parasites have been used as; biological, control agents against 
lygus (Clancy and Pierce 1966).Investigators have employed 
parasitic hymenoptera, such as Peristenus styglcus (Drea, ; 
Dureseau and;Rivet 1973; Butler and Wardecker 1974; Van 
Steenwyk and Stern 1976, 1977)s and common insect predator 
groups against lygus bugs (Rakickas and Watson 1974). Im-. 
plementation of pest management practices (Johansen et al. 
1975). which employ the use of biological agents, (Clancy 1968; 
Stoner and .Surber 1969, 1971), cultural control (Stern, Van 
den Bosch and Leigh 1964; Stern et al. 1967, 1969)3 chemical 
controls (Johansen and Eves 1967)3 and resistant, varieties 
(Taksdal 1963.; Stride 1968; Scott 1970; Nielson, Don and 
Zaugg 1974) can reduce dependence on chemical controls:alone. 
One of.the best methods of controlling, insects is to use 
resistant! varieties (Luginbill 1969, SpragUe and Dahms 1972). 
Painter (1968) stated that in practical agriculture, resist
ance represents the ability of a certain variety to produce
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a larger crop of good quality .than would non-resistant 
varieties at the same level of insect population. Beck 
(1965) defined resistance as the collective heritable char
acteristics by which a plant species, race, clone, or indi
vidual may reduce the probability of successful utilization 
of the plant as a host by an insect species, race, bibtype, 
or individualo The use Of resistant varieties results in . 
control without chemical residues^ without damage to polli
nating and other beneficiai insects, with no additional 
costs to growers, adds to the value of an otherwise improved: 
variety where margin of profit per acre is small, reduces the 
cost of production, and increases stabilization within the 
agro-ecosystem (Painter i960)

History
The use of insect resistant varieties is not a 

recent;development. Hessian fly resistance in Underhill 
variety of wheat Was observed by Havens in 1792. Host 
plant■resistance to lygus in alfalfa was reported by Aamodt . 
and Carlson (1938)? who found alfalfa cultivars that flowered 
despite lygus injury. Malcolm,: (1953) reported significant 
differences in lygus populations among 16 alfalfa cultivars 
tested in Washington. Nielson and Schonhorst(1965) eval
uated 80 alfalfas for resistance to thrips, pea aphids, lygus 
bugs, leafhoppers, and three cornered alfalfa hoppers. Their 
data indicated that none of the tested alfalfas demonstrated
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strong tendencies toward resistance to these insects, but 
several alfalfas could be likely sources of resistant 
material. The most promising alfalfas found for lygus re
sistance were 'Zia1, ’Rhlzona15 and 'Stoneville Polycross No.
I 1. Lindquist, Painter and Sorenson (1967) demonstrated 
differences in resistance between alfalfa varieties by meas
uring seedling survival and damage caused by L. llneolaris. 
They found that several progenies from intravarietal crosses 
of selected plants displayed higher seedling-survival than 
their parental variety. Nielson et al. (197^) evaluated 98 
cultivare and experimental lines of alfalfas at the seedling 
stage for resistance. !Culver1, 'Travels', and 'Nomad' of '
the hardy group,; 'Cody' 'Kanza and *Lahontan' of the semi
hardy group, and 'T-3-12', 'M-5-44 Syn B', and:'California . 
Common' of the nOnhardy group of alfalfas expressed the 
highest percentage seedling survival.

Mechanisms
Plant resistance to insects was classified by Painter 

(1951) into three categories: preference/nonpreferenee, .
antibiosis, and tolerance. Preferenee/nonpreference are 
plant. characteristics and/or: insect responses that lead to . 
or away from the use of a variety for food, .shelter, ovi- 
position, or a combination of the three. Antibiosis is the 
ability of a variety to prevent, injure, or destroy insect 
pests. Antibiosis results in adverse effects on the insect's
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life cycle when it feeds on the resistant variety. Toler
ance is the ability of a plant to grow and reproduce or 
repair injury in spite of supporting an insect population 
that would incur economic damage on a nonresistant variety.
All resistant characteristics are inherited qualities 
(Painter 1958).

Evaluation of Varieties
Evaluation of large-numbers1 of seedlings, to determine 

relative resistance among test:entries has been used by sev
eral investigators with variable resultso This method was 
developed to screen large numbers of plants rapidly for 
resistant characteristics. Harvey et al. (i960) successfully 
used seedlings. in developing ?.0ody' alfalfa for resistance 
to spotted alfalfa aphid3 Therioaphis maculata (Buckton). 
Lindquist et al. (1967) screened alfalfa seedlings, for resist
ance to L. lineolaris. They found.seedling;survival of' 
varieties did not appear to be related to seedling vigor, 
since varieties about equal in vigor varied widely in survival 
after infestation. They reported that actual percentages of 
surviving seedlings varied considerably, depending on envi- . 
ronmental conditions and duration of infestation. Although 
variation was found among varieties and replications, veri
ties maintained their relative resistance.:
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Nielson et al. (1974) found in evaluating alfalfa 

seedling resistance to L. hesperus that variability was great 
within test samples. They reported significant P values 
among replications within each group tested. They suggested 
caution in the interpretation of results due to occurence 
of variability among replications„

Alfalfa Polycross.Progeny Tests '
The evaluation of. plants by the performance of their 

progeny can identify the best selections. The polycross 
method: of progeny testing was suggested and used by Tysdal, 
Kies sel bach and West over (194.2). This method limits the 
source of pollen to certain selected: parents'. . A few:: hundred 
plants were selected as critically as possible. Each plant.. 
was cloned-, replicated extensively.-, and allowed to pollinate 
at random in an isolated nursery., The seed harvested pro
duced polycross progeny for the evaluation of parent plants. 
As the source of pollen was restricted to the selection, 
the progeny are likely to be a fruitful source for reselec
tion. 'Vernal' and 'Lahontan' are successful varieties 
developed using this method (Bolton 1962).



MATERIALS AND METHODS

This study was carried out in Tucson, Arizona, at 
the Forage Insect Research Laboratory of the U. S. Department 
of Agriculture, Science and Education Administration. Work 
was initiated in the spring of 1976 and completed in the fall 
of 1977» -

Source of Lygus Populations 
Adult field collected. L. hesperus. were -used for all 

tests. Field populations of lygus werecollected with a 
sweep net from areas around Tucson and Three Corners, Pima 
County, Arisona. Adults: were aspirated into chilled recep
tacles for transport: back to the laboratory . Lygus- were 
placed into a holding cage from which the required number 
of bugs were aspirated for placing into test cages.

Feeding Test
Feeding test required; two insect-to-plant infesta

tion ratios /one adult to one seedling (1:1), and one adult 
to two seedlings : (1; 2:)i/, three sexually distinct populations 
(all male, all.female, and equal populations Of both sexes), 
and a lygus susceptible alfalfa variety /Mesa Sirsa Thrips 
Tolerant (MSTT)_/. Both infestation ratios were studied 
simultaneously and each was replicated, three times in a

13
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complete randomized block design. The three sexually 
distinct populations were tested at both infestation ratios. 
These populations were placed separately in cages 7 cm in 
diameter and 15 cm high. Each cage contained eight MSTT 
seedlings. A total of 24 cages per replication were used 
to accomodate the three populations. When the seedlings 
were in the unifoliate leaf stage, adult lygus bugs were 
caged on the plants at the appropriate infestation ratio. 
Choice of - infestation ratios and infestation of seedlings 
at unifoliate leaf stage was based on methods reported by 
Lindquist et al..(1967). Lygus were caged; on the plants for 
five days.

The numbers of destroyed seedlings were recorded 
twice, five and ten days-after date of infestation. Per
centage of the seedlings killed was based on the mean value 
obtained between the two recorded .values. Recorded values 
were averaged due to the. tendency of some plants to either 
recover or succumb from feeding injuries after the lygus . 
were removed from the cages. Replications were run in the 
greenhouse from June 12 to August 7» Greenhouse temperatures 
ranged from 11 to 30° C during the replications.

Evaluation Test
The evaluation test -required 50; seeds' Of -107 entries 

planted in radial rows, six rows per flat, in galvanized 
circular pans 4- inches deep and 15 inches in diameter
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(Figure 1). Entries were the second cycle of reselected 
polycross progenies from the test material evaluated by 
Nielson et'al. (1974)« Seed of the reselected material was 
produced in caged plots at The University of Arizona5 Camp
bell Ave. Farm (Appendix A ). Parents were members of■non- 
hardy clonesj 'El Unico1, 'T-3-12', 'Ed 9 Sirsa Px'/ and 
hybrids 'Pg x' and ::'M-5::-44:::x M-56- H 1.. A seventh row
in each flat contained a .lygus susceptible oheck^ MSTT.
Each ..entry was replicated four-times in a randomized block 
design. A total of 18:cages, per replication were used to 
accomodate all -of the entries. : Replications were run se
quentially due to limited space in greenhouse. Replications 
1 and 2 were:conducted August through September 1976 and 
replications 3 and ^ were :conducted April: through May 1977. 
Field.collected adults were caged on the flats when the 
seedlings reached, the unifollate, stage ., iindquist et al.
(1967):reported that lygus migrated tothe sides, and tops . 
of cages 3 .causing.: a greater plant mortality along the 
periphery than ih.i the middle of the cage. Congregation of 
bugs along the sides of the cages was possibly due to a 

. light effect (Nielson et al. 1974). Supression of this 
behavior was alleviated by placing "blackout" shields around 
the sides of the cages (Figure 2). Overhead light was used 
to equalize light intensity levels throughout the flat and . 
to provide sufficient light for plant growth. - When seedlings
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Figure 1. Open Flat Used for Evaluation of Alfalfa Poly
cross Progenies for Resistance to Lygus hesperus.
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Figure 2. "Blackout" Shield Placed on Evaluation Flat to 
Alleviate Congregation of Lygus hesperus on 
Sides of Cage.
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were in the unifoliate leaf stage, adult lygus were caged 
on the plants at an infestation ratio of one adult to two 
seedlings. Lygus were caged on the plants for 10 days.
The use of plants in the unifoliate leaf stage and the one 
adult to two seedlings infestation ratio was based on methods 
described by Lindquist et a.l„. (1967) and Nielson et al„ (1974). 
The sex of the insect was hot determined due to lack, of avail
able labor and time,: No a11empt was. made to keep the insect '
to plant.ratio constant after date of infestation, - The 
numbers of suryiving .seedlings were fecorded twice, 10 and 15 
days, after date of infestation. Percent survival of the ., 
plants was based on the mean value determined. from the two 
recorded readings. Greenhouse temperatures ranged from 12 
to 29°C during replications 1 and 2, and from 4 to28°C dur
ing replications 3 and 4,

Selection of. Blant Material,
Selection of vigorous surviving seedlings was made 

after the;second recording of seedling survival. Selected 
plants represented the third cycle of reselection. These 
plants were transplanted to peat pots, held in greenhouse 
for two to three months, then transplanted to half acre cages 
at: The University of Arizona, Ga,sa, Grande Highway Farm where 
seed was produced.
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Statistical Analyses

An analysis of variance was performed on coded values 
of three sets of data: (percent seedling survival)5 Yg
(arcsin Yi),. and Yg (Y% - percent survival MSTT check in 
cage/replication)„ The arcsin is a standard biological 
statistical technique which assumes constant variance in 
the transformed, variable, and simultaneously gives' a■ distfi- . 
bution closer to the normal (Brownlee i960)„. A least signif
icant difference (L.S.D.) test was used on data that displayed... 
significant differences among,entries.



RESULTS AND DISCUSSION

Feeding Test
Three sexually distinct populations of L„ hesperus 

produced high seedling mortality at the one adult to one 
seedling;infestation ratio (Table 1). Female and equal 
mixture populations destroyed 100$ of the seedlings,, but 
male populations destroyed only of the seedlings„: Female 
populations destroyed all seedlings: within; their cages during. 
the first 24 hours of infestation. Rapid destruction of - 
seedlings by females indicated that the selection pressure 
was too great <, The one adult to one seedling Infestation 
ratio was inappropriate because feeding differences could not 
be resolved among the populations.

Three sexually distinct populations produced variable 
seedling mortality at the one adult to two seedlings infesta
tion ratio (Table 2)1 Female populations destroyed 95^ of 
the seedlings. Equal mixture of sexes populations destroyed 
T^fo. of the seedlings, and male populations destroyed 14$ of 
the seedlings. The one adult to two seedlings infestation 
ratio produced sufficient seedling mortality to separate 
feeding ability of each sexually, distinct population.

Mortality differences were observed between infesta
tion ratios within a population. Females destroyed 4^ more

20 :
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Table 1. Mean Percent Mortality of MSTT Alfalfa Seedlings 

Exposed to Three, Sexually Distinct Populations of 
Lygus hesperus at a One Adult to One Seedling In
festation Ratio, Tucson, Arizona, 1976.

Sexual Type
Mean Percent Seedling 

Mortality
Female 100.00

Female/Male 100.00
Male 41.67

Table 2.. Mean Percent Mortality of MSTT Alfalfa Seedlings 
Exposed to Three Sexually Distinct Populations of 
Lygus hesperus at a One Adult to Two Seedlings In
festation Ratio, TUeson, Arizona, 1976.

Mean Percent Seedling 
Sexual Type Mortality
Female 95.83

Female/Male , 74.75
Male 14.06



■ 22
seedlings at 1:1 than at 1:2 infestation ratios. Equally 
mixed populations destroyed 25% more seedlings at 1:1 than 
at 1:2 infestation ratios. Male populations destroyed l8$ 
more seedlings at 1:1 than at 1:2 infestation ratios. Lygus 
feeding at the 1:1 ratio exerted greater selection pressure 
on the seedlings than the 1:2 ratio for all populations.

Seedling mortality differences were observed among 
populations and'between infestation ratios. The effect of 
females.on seedling mortality is graphically illustrated in 
Figure 3• Females destroyed- more seedlings than any other 
population group. . The reason for this phenomenon is unknown,. 
but behavioral and physiological studies could explain why , .
L o he sperus female a are/more destructive.

Evaluation Test
The data on 107 alfalfa polycross progenies evaluated 

for resistance to L..hesperus showed variable results (Ta
ble 3). No significant differences were found in the Y± and 
Yg transformed data. Significant differences at the 0.02 
level were found among polycross progenies for Y^ data. 
Seedling mortality, was extremely variable among flats in 
each replication. . Significant differences at the 0.01 level 
were found among replications for all three sets of data. 
Significant. F values.among replications-reflected the amount 
of variability in this test, and suggest that discretion 
must be used in the interpretation of the results.
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1 adult to 1 seedling;

1 adult to 2 seedlings

ALL MALEEQUAL MIXALL FEMALE

Figure 3. Percent Mortality of MSTT Alfalfa Seedlings to
Two Infestation Ratios of Three Sexually Distinct 
Populations of Lygus hesperus.



Table 3° Analysis of Variance Among 107 Alfalfa Polycross Progenies for Re
sistance to Lygus hesperus when Treated for (Percent Seedling 
Survival), Yg (ArcsinYp)5 and Yo (Yi - Percent Survival Lygus Sus
ceptible Check).

Source of Variation df
"-.Y! ) .. Yq

' MS ' F MS F MS F
Replications ; 3 3189.92 9.29& 0.510 9.5la 943.10 6.90a
Polycross Progeny 106 385.39 1.12b : 0 .06l 1 .15b 185.90 1.36c
Error 3.18 V 343.45 0.054 136.60
Total 427 373.82 0.059 154.49

a Significant at the 0.01 level. 
b Not significant at the 0.02 level. 
c Significant at the 0.02 level.



..,.25.
The Yg transformation, equilibrated seedling, mortality 

among flats and replications, by subtracting the percent 
surviving plants' of the susceptible check from the percent 
surviving progeny. For example, an entry with 55% survival 
on a flat with a 75$ surviving check would be amended to 
-2 .0 %  survival» Polycross progenies were ranked according 
to their mean percent survival based on Yg transformation 
(Table.4)„ The revised means ranged from -14.04 to 19.03$. 
Entries with negative■ mean values exhibited more ’susceptibil- 
ity toL. hesperus than the surviving check. All alfalfas 
exhibiting the highest positive mean values were considered . 
possible sources of germ plasm for third cycle reselection. 
Gritical selection of plant material.results in improved 
lygus resistance in third, cycle polycross progenies.

Entries 'T-64—1-5.2 ? and 'T-T-l-SS' had the highest 
percentage seedling.survival (T? to 19$). 'T-64-1-52' was
derived from 'T-3-12', an alfalfa reported by Nielson et al. 
(1974).to express high seedling survival in L. hesperus 
resistance testsi They also found that 'El Unico', parent 
of 'T-4-1-391s showed high seedling survival.

Numerous factors influenced test results. Outside 
light affected expression of seedling damage in flats. Seed
lings positioned toward the center of the greenhouse received 
less damage than seedlings next to the sunlit sides. The 
problem was partially alleviated by rotating the flats half



Table 4. Mean Separation of Percent Seedling Survival of Alfalfa Polycross 
Progenies Based on Analysis of Yo Data, Tucson, Arizona, 1977•

Rank Entry
Mean Percent 

Seedling Survival
 (l3l)_____ Significant Differences between Transformed Meano

1 T-75-1- 90
1 T-75-1- 25
1 T-75-1- 38
1 T-39-1-172
1 T- 4-1- 4o
1 T-39-1-197
1 T-7 6-I- 17
1 T-3 2-I- 21
1 T-75-1- 78
1 T-39-1-201
1 T-6 'i-i- 43
1 T-64-1- 53
1 T- 4-1- 36
1 T-75-1- 17
1 T-64-1- 4l
1 T-7 6 -I- 44
1 T-3 2-I- 11
1 T-39-1-162
1 T-75-1- 46
1 T-32-1- 17
1 T- 4-1- 4l
1 T-64-1- '19
1 T-64-1- 23
1 T- 4-1- 37
1 T-75-1- 54
1 T-39-1-166
1 T-3 9-I-1 6 7
1 T-3 9-I- 1 7 8
1 T-64-1- 44
1 T-64-1- 24
1 T-39-1-185
1 T-75-1- 21
1 T-64-1- 34
1 T-32-1- 14
1 T-64-1- 42
1 T-39-1-107
1 T-39-1-161
1 T-39-1-177I T-76-1- 13
1 T-64-1- 32
1 T-64-1- 4o
1 T-3 9-1 - 1 9 3
1 T-3 2-1 - 24
1 T-3 2-1 - 1 9 1
1 T-3 9-1 - 1 0 0
1 T-75-1- 9
1 T-64-1- 29
1 T-64-1- 35
1 T- 4-1- 32
1 T-32-1- 15
1 T-39-1-179
2 T-39-1-165
2 T-3 6-1 - 1 9 5
2 T-64-1- 31
2 T-39-l-lOO
2 T-7 9 -1 - 5
2 T-39-1-196
2 T-79-1- 1
2 T-32-1- 20
2 T-3 9-1 - 1 6 8
2 T- 4-1- 51
2 T-3 9-1 - 1 9 9
2 T-76 - 1 - 60
2 T-75-1- 8
2 T-39-1-192
2 T-39-1-181
2 T-32-1- 23
2
3

T-3 9-I-1 9OT-7 9-I- Q
4 T-79-1- 44 T-32-1- 18
9 T-64-1- 54
6 T-7 6 -1 - 6 0
6 T-64-1- 28
7 T-39-1-169
7 T-76-1- 7 2
7 T-7 6 -I- 66
7 T-39-1-164
7 T-7 6 -1- 25
7 T-39-1-176
7 T-39-1-1717 T-64-1- 37
7 T-7 6 -1- 50
7 T-64-1- 30
7 T-39-1-200
7 T-39-1-174
7 T-64-1- 25
7 T-39-1-175
7 T-64-1- 27
7
5

T- 4-1- 45  
T-64-1- 40 
T- 7-1- 38

8 T-3 9-I- 1 9 4  T-64-1- 450
8 T-79-1- 7
9 T-79-1- 0 T-64-1- 391 0

11 T- 4-1- 43
11 T-39-1-182
11 T-64-1- 33
11 T-64-1- 46
12 T-64-1- 2
13 T-32-1- 12
14 T-39-1- 18
15 T-3 9-I-1O9
16 t-64-1- 52
17 T- 4-1- 39

-14.'10 
•1".13 -1 1 . 1 6  
-10.70 -1 0 . 3 0  
-10.01
- 6 [96
- 6 . 6 0
- 6.24
- 5-76
- 5.53
- 5-39- 4.71- 4.47
- 4.21
- 3.79
- 3-73
:]:6el
- 3.64
- 3.47
- 2.86 
- 2 . 8 0
- 2 . 7 6
- 2 . 7 6
- 2.74- 2.64
- 2 . 1 3
- 1-95
:\:ll
-  1.60
- 1.42
-  1.07- .98
- .70
- .21

- .17
■M

1.02
1.04 
1.25 1.42
1.451.46 
1-79 2.38
2 . 7 4
2.94
3.123.24
3.73
3.79

t:il
4.454.06
4.895.02 
5.02 
5.11 5.78
5.92 
6 . 0 1

6 : ^ 7
6 . 5 1
6 . 7 0
6.71
6.06
6 . 9 2
7 . 0 5
7.23
7.29
7.96
7.72ro

i
9 . 0 3
9 . 0 9
9 . 2 1
9 . 2 2
9 . 5 7
9 . 6 2
9.76
9.89 

1 0 . 2 3  
1 0 . 7 7  
1 1 .O9  
1 1 . 8 912.00
1 2 . 0 1

13.49 lb.4l 
17.16 
19.03

U
I:

a Y3 =• Percent survival polycroas progeny - percent survival MSTT check In cage/repllcatlon.
6 Any two means not beneath the same upper line are significantly different at the 9 0# level 
of confidence. roON
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a turn each day. Replications 1 and 2 were conducted in the 
late summer and replications 3 and 4 were conducted in the 
spring. Lindquist et al. (1967) noted variation among 
replications due to temperature. They found that actual 
percentages of surviving seedlings of a variety varied 
depehdihg on the environmental conditions, but varieties 
maintained their relative resistance ratings.

Changing vigor and age of lygus populations contrib
uted to variation among replications. The age of the lygus 
was not possible to determine in field collected adults 1 
Lygus adults.exhibited changes through put the year (Butler 
and Wardecker 1970). Replications 1 and 2 contained newly 
emerged summer adultss and replications 3 and 4 contained 
overwintered adults <, Lindquist et al. (1967) suggested 
that .significantly higher insect to plant ratios would be 
needed to obtain equivalent results when autumn field col
lected insects were used in experiments. Strong and Sheldah 
(1970) reported physiological changes in both sexes' of lygus. 
Temperature and season were major factors in these changes. 
Laboratory reared lygus may eliminate this variation^ but 
they afe difficult to rear.

Damping off, caused by fungus, affected seedlings on 
several flats in each replication. Seed was treated with 
anti-fungal agent Captan®, but 100$ control was not obtained. 
Seedling vigor was affected by lack of fungal control.
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Spiders represented a small, but constant source 
of trouble during the test. Spiders entered cages, spun 
webs, and killed some lygus within the cages of several 
replications. Variation increased among replications owing 
to decreased selection pressure on seedlings in some cages.

Seedling destruction was influenced by presence of 
cages (Figures 31 and B2). Lygus were observed on the sides 
of cages despite the presence of "blackout" shields. Lygus 
killed more seedlings,along periphery than in, the middle 
of the cage.

Variation among replications increased due to the 
lowered vigor of injured lygus bugs. Selected adults were 
aspirated from the holding cage and placed in test cages.
Some lygus .were injured during this second aspiration.

The most promising seedlings were selected for third 
cycle reselection materiai (l8l seedlings out of 21,000 
evaluated seedlings). Third cycle of reselection plant. - 
material represehts a/ step toward- lygus resistant alfalfa. 
Evaluation of this material will determine if more reselec
tion is needed.

. Subsequent tests of the selected material should 
incorporate means of alleviating known variation by using 
unbiased cage methods, equitable experimental design, sterile 
soil, spider-free cages, careful aspiration techniques, . 
additional, replication of cultivars, and equal age, seasonal
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distribution5 and population of sexes. Further investi
gations of this material should include tests to determine 
basis of resistance in plants. Specific tests on mechanisms 
of resistance would determine the actual basis for resistance 
in the entries. Resistance in entries could be attributed to 
pseudoresistance without these specific tests.



SUMMARY

Lygus hesperus Knight is one of the most destructive 
insect pests on crops in the southwestern United States. 
Alfalfa is the primary host of the- species5 and serves as 
principal source of lygus infestation for cotton and other : 
crops. The use of lygusresistant .alfalfa caltivars offers 
one of the least expensive and environmentally appropriate 
ways of increasing yields and ■ suppressing lygus populations. 
Feeding differences among three sexually distinct populations . 
of L . hesperus, evaluationof alfalfa polycross progenies, 
and selection;of alfalfa seedlings for resistance to L. 
hesperus were investigated in this study.

. Three sexually distinct populations of 1. hesperus 
produced high seedling mortality at the one adult to one 
seedling infestation ratio. Female and equal mixture of 
both sexes populations destroyed 1000 of the seedlings, but 
male populations destroyed only 420 of the seedlings. Female 
populations destroyed all seedlings within their cages during 
the first 24 hours of infestation. Rapid destruction of 
seedlings by females indicated that the selection pressure 
was too great.

Three sexually distinct populations produced variable 
seedling mortality at the one adult to two seedlings infesta
tion ratio. Females destroyed 950 of the. .seedlings.. Equal

30 :
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.mixture■of sexes populations destroyed 74^ Of the seedlings. 
Males destroyed 14$ of the seedlings. The one adult to two 
seedlings infestation ratio produced sufficient mortality to 
separate feeding ability of each sexually distinct popula
tion. Females destroyed more seedlings than any other pop
ulation group. The reason for this phenomenon is unknown.

Resistance in 1Q7 non-hardy alfalfa polycross prog
enies was evaluated. Progenies were infasted at the unifo-: 
liate leaf stage with a one•adult: lygus to two seedling 
infestation ratio. An analysis of variance was performed 
on transformed values of three, sets of data l y f], (percent''I 
seedling .survival.)* Yg : (arcsin Y^) * and Yg (Y]_ - percent 
survival MSTT check in cage/replication). Both Yp and Yg 
data exhibited no significant differences among entries .1 
Significant differences at the 0.02 level were1 found among 
polycross progenies for Y3 data. Significant differences 
among replications Were also found. Entries^were, ranked- 
according to;their mean percent;survival based; on Y3 trans- 
formation. The means , ranged from .-14.Q4 to 19.03^<. Entries 
'T-64-1-521 and 'T-4-1-39' had the highest percentage seed
ling survival (17 to 190).

Significant F values among replications reflected 
the amount.of variation in this test. Variation was explained 
in terms of environmental (light, and temperature)*.biological 
(age, seasonal distribution* andsex.of.testaduits^damping
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off3 and spiders)3 and physical (cage effects and aspiration 
injury) factors.

Selection of over l8o seedlings was made after the 
evaluation test. Critical selection of plant material will 
result in improved lygus resistance in subsequent polycross 
progenies. Selected plants were transplanted to half-acre 
cage at The University of Arizona^ Casa Grande Highway Farm. 
Set seed will represent the third cycle of reselection for 
resistance to L. hesperus.



APPENDIX A

LIST OF ALFALFA POLYCROSS PROGENIES 
OF SECOND CYCLE OF RESELECTION

From these pblycross progenies, 107 entries were 
obtained for■evaluation of■resistance:to Lygus hesperus in 
Tucson, Arizona, 1976s ,

1. T-64-1- 53 30.. T-75-1- 19a 59. T-39-l-l8l2. T-64-1- 49 31. t-64-1- 24 60. T- 4-1- 39
3. T-76-I- 44 32, T- 4-1- 51 61. T-75-1- 56a
4. T-32-i- 25a 33. T-39-1-167 62. t-64-1- 35
5. T-75-1- 50 : 34. T-32-1-191 63. T-39-I-1976. T-79-1- 8 35. T-32-I- 11... .64. T-39-I-168
7. T-76-1- 72 36. t-32-1- 22a 65. T-64-1- 26®8. T- 7-1- 38:. 37. T- 4-1- 32 66. t-64-1- 2
9̂  T-32-1- 18 38. T^64-l- 4a 67. T- 4-1- 4310. T-39-1-166 39. T-75-1- 38 68. T- 4-1- 31®

.11. T- 4-1- 46® 404 T-75-1- 78 69. T-76-1- 66
12. T-39-1-180 4l. T- 4-1- 40 . 70. t -32-1- 12.
13. T-75-1- 8 42. T-39-1-195 71. T-75-1- 49®14. T-32-1- 21 43. T-39-1-193 72. T-64-1- 5215. T-76-1- 50 44. T-39-I-188 73. T-64-1- 45
16. .t-75-1-,54 v 45. T-39-1-178 74. T-39-1-164
17. T-76-1- 13 . . 46. T-39-I-198 75. T-75-1- 56®18. T-39-1-171 47. . T-75-1- 21. 76. T-64-1- 37
19. T-64-1- 32 48. T- 4-1- 36 77. T- 4-1- 4520. t-75-1- 46 49. t-79-1- 7 78. t-64-1- 36®21. T-39-1-1T7 50. T-39-I-192 79. T-39-1-19922. T-32-1- 15 51. T-64-1- 34 80. T- 4-1- 42®23. T-76-1- 17 52. T-64-1- 47® 81. t-32-1- 17
24. T-76-1- 68. 53. T-32-1- 20 82. t-76-1- 6025. T-39-I-183® • 54. T-39-I-186® 83. T-64-1- 33

. 26. t-75-1- 36® 55. T-64-1- 31 84. T-75-1- 4®27. T-75-1- 17 56. T- 4-1- 50® 85. T-64-1- 48
". 28. . T-79-1- 1 . 57. T-39-1-187 . ; 86. . T-76-1- 62®29. T-39-I-182 58. T-39-1-179® 87. T-32-1- 13®

a. Entry lacks sufficient seed for evaluation test.
'■ 33 ,
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88. t-39-1-200 134. T-39-1-175
8 9 . T -79- 1 -  4 135 . T - 3 9 - I - 1 9 4
90.■ T -75 - 1 -  35a 1 3 6 . T - 3 9 - I - 1 7 4
91. T-64-1- 42a
9 2 . T -75- 1 -  2593. t-64-1- 29
9 4 . T -75 - 1 -  32a
95. T-76-I- 25
9 6 . T -75 - 1 -  l 4a97. T-32-1- 14
9 8 . T - 3 9 - I - 1 7 6
99 . T -39 - 1-196100. T-32-1- 23

1 0 1 . T -3 9 -1 -1 6 5
102. T -75 - 1-  9
103. T- 4-1- 41
104. T-64-1- 42
105. T-64-1- 23
106. T- 4-1- 47a107. T- 4-1- 37108. T-64-1- 30
109. T-64-1- 27:
110. T-39-T-l70a
111 . : T^64-l;- 39112. T- 4-1- 39a
113. T-64-1- 46114. T-64-1- 43
115. T-32-I- 24
1 1 6 . T -39 - 1-189
117 . T -39- 1-169
1 1 8 . T -79 - 1 -  5
119. T-64-1-. 25
120. : t -64-1- 54121. t-39-1-162
1 2 2 . T -3 9 -1 -1 8 5
123 . T -39 - 1 -  18124. t -64-1- 44125. T-32-I- I0a
126. T-39-1-201
127. T-39-1-172 ..
128 . t - 79- 1 -  9129. t-64-1- 28
130. T-39-1-i6i
131 .. T - 7 6 - 1 -  45a
132 . T -39 - 1 -1 7 3133. T-64-1- 4l

a. Entry lacks sufficient seed for evaluation test.



APPENDIX B

LOCATIONS OF SURVIVING SEEDLINGS

MSTT
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127 101
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1339 133
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MSTT

Figure B1. Diagramatic Illustration of the Locations of 
Surviving Seedlings on Flats of Replication 3.
Surviving seedlings signified by thick lines.
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Figure Bl, Continued.
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<32
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Figure B2. Diagramatic Illustration of the Locations of
Surviving Seedlings on Flats of Replication 4.
Surviving seedlings signified by thick lines.
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Figure B2, Continued.
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