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ABSTRACT

Western flower thrips, Frankliniella occidentalis, 

was found to be the predominant thrips species infesting 
alfalfa in Tucson, Arizona. Infestation of three occi
dentalis nymphs had no significant effect on alfalfa seed
lings , whereas three adults significantly stunted height 
and reduced seedling weight. Twenty-eight varieties of 
alfalfa were evaluated for sources of thrips resistant 
germplasm. Statistically significant differences were 
found among mean varietal heights, but not among mean 
varietal damage ratings. The varieties evaluated are con
sidered non-resistant to occidentalis. Nymphs of 
occidentalis were reared on "terminal" and "mature" foli
age of two alfalfa varieties. The treatments of foliage 
age and alfalfa variety had ho significant effects on 
duration of nymphal development, adult longevity, or 
fecundity. Under greenhouse conditions, females of 
occidentalis had a mean longevity of 57.2 days and pro
duced an average of 21 progeny.
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INTRODUCTION

Western flower thrips, Frankliniella occidentalis 
(Pergande), are diminutive insects of the order Thysanop- 
tera. The species is a chronic pest in citrus, stone 
fruits, vegetables, and safflower (Bailey 1938; Carlson 
1964 b) .

Although alfalfa (Medicago sativa L.) is a major 
host for western flower thrips, very little is known about 
the insect-plant relationship. Moulton (1907) reported 
that the species severely reduced alfalfa seed production 
in California. Similarly, Seamans (1923) recorded a 75% 
seed crop reduction in British Columbia. Both Moulton 
(1907) and Seamans (1923) stated that forage reduction was 
negligible if fields were mowed regularly.

Bailey (1938) reported "unbelievable numbers" of 
thrips arising from alfalfa. Several researchers found 
these large populations to be a potential threat to adja
cent crops. Faulkner (1954), Hightower and Martin (1956), 
Wolfenbarger and Hibbs (1958), and Harding (1961) reported 
that thrips dispersed from freshly mown alfalfa into 
adjacent fields. Impact of these migrations was not fully 
understood.
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2
This study was undertaken with the objective of 

locating sources of alfalfa germplasm resistant to western 
flower thrips. Thrips resistant alfalfa would reduce 
yield losses of alfalfa seed and forage, as well as reduce 
the potential for damage to adjacent crops from thrips 
arising in alfalfa.

Secondary objectives were to determine the reaction 
of seedling alfalfa to various infestation levels of thrips 
and to study the biology of thrips caged on mature alfalfa.



LITERATURE REVIEW

The western flower thrips occurs commonly in the 
western United States on a wide variety of host-plants. 
Bryan and Smith (1956) collected specimens of occidentalis 
from nearly every family of spermatophyte occurring in 
California. Similarly, Bibby (1958) found occidentalis 
to be the predominant thrips species in Arizona.

Watts (1936) found that species of Frankliniella 
were positively thigmotactic. This characteristic helped 
explain feeding site preferences. Elmore (1949) and 
Carlson (1964a) found that the recesses of onion blossoms 
were preferred sites. Safflower bud-bracts and citrus 
calyxes have also been recorded as being preferred (Bailey 
1938; Carlson 1964b). Alfalfa blossoms were preferred, 
although a non-significant degree of damage was done to 
foliage (Seamans 1923).

Feeding damage was initiated when epidermal tis
sue was punctured by the thrips' left mandible; the right 
mandible is absent in the order. Maxillary stylets were 
then used to suck the exudate and penetrate the mesophyll 
(Mound 1970). Silvery-sheen of thrips damage was attrib
uted to air occupying the emptied mesophyll cells.
Extended feeding caused necrosis of mesophyll with white
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and/or yellow discoloration. Thrips feeding has led to 
premature blossom and foliar abcission (Lewis 1973).

The species was determined to be unisexually poly
morphic, i.e., one sex occurred in several morphs, whereas 
the other exhibited only one. Females of occidentalis 
were polymorphic with individuals occurring as small and 
pale, large and dark, or intermediate between the two. 
Males were always small and pale (Bryan and Smith 1956).

Arrhenotokous parthenogenesis was the reproductive 
strategy of the species. Mated females produced female 
progeny from fertilized eggs and male progeny from unfer
tilized eggs. Unmated females produced male progeny 
only (Bryan and Smith 1956). The species was found to be 
reproductively active year around in milder climates 
although populations were generally depressed during the 
winter months.

Western flower thrips biology was studied by 
Bryan and Smith (1956) and Lublinkhof and Foster (1977). 
Nymphal development was characterized by four instars. 
First instar nymphs were small and transluscent and fed 
actively. The second instar was characterized by active 
feeding and a high degree of mobility. Instars III and 
IV were referred to as early and late pseudopupae, 
respectively. Wing pads, short-erect antennae, and slug
gishness characterized instar III. Instar IV is quiescent

4



but responds feebly if disturbed. Morphologically, the 
late pseudopupae were characterized by elongating wing 
pads and antennae laid back over the head.

Natural control of flower thrips is aided by many 
species of predacious insects. Among the most important of 
these have been the anthocorid bug of the- genus Orius and 
chrysopid larvae (Bailey 1933, Callan 1943). Bailey (1933) 
suggested that larvae of the coccinellid, Hippodamia con- 
vegens may be a locally important predator. H . convergens 
populations were reported to be abundant and active in New 
Mexican alfalfa fields harboring large populations of 
occidentalis (Cooperative Economic Insect Report 1975). 
Lewis (1973) stated that cool, rainy weather was the 
principal factor of natural control affecting most thrips 
populations.

Whereas flower thrips "pupate" in the soil, flood 
irrigation and soil tillage have proven to be effective 
means of cultural control (Harrison 1963). Tillage of 
cover-crops two weeks prior to orchard bloom helped reduce 
flower thrips populations by removing alternate hosts 
(Bailey 1938).

Early planting and harvest dates have been recom
mended for improved seed yields in both safflower and 
alfalfa (Seamans 1923, Carlson 1964b). Crop harvest before 
the thrips populations reached their maximum was effective.

5



6
Insecticidal sprays have often been ineffective in 

controlling flower thrips (Lewis 1973). This was attrib
uted to the thrips1 tendency to remain concealed within 
foliage and habits of "pupating" in the soil.

Systemic insecticides are effective against flower 
thrips but generally not recommended for fields of forage 
alfalfa.

Painter (1951) defined host-plant resistance as 
the relative amount of heritable qualities possessed by 
the plant which influence the ultimate degree of damage 
done by the insect. Resistant varieties have provided 
dependable insect control at low cost in many cases. 
Host-plant resistance also reduces problems associated 
with the use of insecticides including damage to preda
tors and parasites and environmental contamination.

Germ plasm of several crops have been evaluated 
for sources of resistance to various species of thrips. 
Varieties of onions, peanuts, cotton, cassava, and 
conchino have been found to express resistance to thrips 
(Jones, Bailey, and Emsweller 1934, 1935; Plank and 
Winters 1946; Kinzer et al. 1973; van Schoonhoven 1974).

Alfalfa varieties have not been evaluated for 
thrips resistance. Selection of undamaged plants from a 
field of thrips infested Mesa-Sirsa variety alfalfa led 
to the origination of a cultivar labelled Mesa-Sirsa



Thrips Tolerant (ca. 1972)(personal communication, Dr. 
Mel Schonhorst, Professor of Plant Science, The Univer
sity of Arizona, 1977). However, confirmation of thrips 
resistance in this cultivar was never done.



MATERIALS AND METHODS

Sampling and Species Determination
Thrips populations from greenhouses of the USDA 

Forage Insects Laboratory, Tucson, Arizona and nearby 
alfalfa fields were sampled to determine the predominant 
species of thrips. Greenhouse populations were collected 
from individual potted alfalfa plants by tapping the 
insects onto a tray and aspirating them. Alfalfa fields 
were sweep sampled. Thrips were separated from the 
foliage via Berlese funnel or by placing the bagged sweep 
samples in a window and aspirating them from the glass 
where they collected.

Large samples of thrips were collected and pre
served in 70% ethanol. These samples were examined under 
magnification for morphological differences. Subsamples 
were selected and individual whole-mounts using Hoyer's 
solution were prepared. These specimens were submitted 
to Dr. Tokuwo Kono^ for determination.

1California Department of Food and Agriculture, 
1220 North Street, Sacramento, California 95314
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Hearing
The possibility of mass rearing occidentalis was

9

investigated. Franklinieila fusca had been successfully 
reared on an artificial diet (Kinzer, Young, and Walton 
1972). A similar diet was available from the U.S.D.A. 
Western Cotton Research Laboratory, Mesa, Arizona (Appen
dix A). Ten partially filled, one-ounce cups of diet- 
medium were each infested with 10 greenhouse collected, 
second instar nymphs. Cups were sealed and placed in a 
Percival E-54u environmental chamber at 30°C and 16 hour 
photophase. Cups were checked daily until all nymphs had 
emerged or died.

Two methods of caging alfalfa plants as a rearing 
medium were used.

Thrips were caged on bouquets of seedling alfalfa. 
Cages were made from 8-ounce transparent plastic cups. 
Ventilator windows were cut in the cup sides and covered 
with dialyzer paper. A hole for infestation purposes was 
burned in the bottom of the cup and stoppered with a cork. 
Thrips were separated from bouquets by the previously 
described tray method.

A second caging technique involved pneumatic cages 
which were modified from George (1961) and Bartlett and 
Katz (1969). These cages were built primarily to serve in 
the varietal evaluation tests described below.
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A Dayton 2C610 blower provided continuous air 

pressure into two, 3 in sections of schedule 40 polychlor
inated vinyl pipe. The air was parcelled by plastic hose 
to 14 cages. Cage bases were round potting, flats (45 cm 
diameter). These bases were covered with.30x33x61 cm 
clear trash bag canopies. Each canopy had two ventilator 
windows which were screened with broadcloth. Cage bases 
were placed in individual trays and watered from below by 
capillary action.

To evaluate the cages for mass rearing, four flats 
of six-week-old Caliverde alfalfa were infested with 200 
adult thrips. Flats were watered and fertilzied regularly 
and populations were harvested after one month.

To rear a pure culture of nymphs for developmental 
studies, a vial-bean (Phaseolus vulgaris) technique 
described by Bryan and Smith (1956) and Sakimura (1961) 
was employed. Two-inch sections of bean were placed in 
8 dram vials. Rubber washers which had been screened 
with broadcloth were used to seal the vials. Fifteen 
western flower thrips were placed in each of five vials 
and allowed a 24-hour oviposition period. Eclosion began 
six days after oviposition which provided the necessary 
even age class of nymphs for the biology study.
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Greenhouse Environment

All experiments, unless otherwise specified, were 
carried out under greenhouse conditions. The photophase- 
scotophase periods were 16h:8h. Temperature fluctuated 
between 11° and 38°C and humidity fluctuated between 20 
and 98%.

Damage Tests
Two tests were conducted with the following objec

tives :
1. to become familiar with the pattern of thrips 

damage;
2. to determine the impact of various thrips popu

lations on seedling alfalfa;
3. to determine the damage expectancies from equal 

populations of nymphs and adults; and
4. to develop a method of rating damage in later 

tests.

Metal potting flats (8x33x48 cm) were used in 
both tests. Twenty-four equally spaced Caliverde alfalfa 
seedlings were reared in each flat. Treatments were 
various densities of thrips populations/seedling.
Plastic cup cages as described under rearing confined the 
thrips on the seedlings. Thrips were collected in the 
greenhouse. Experimental design was randomized complete
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Damage Test-A (DT-A)
Population levels of DT-A were 5 nymphs, 5, 10, 

and 15 adults, and uninfested check plants. Ten replica
tions were used and the test was terminated 10 days after 
infestation. Individual seedling heights (from soil 
surface) and cotyledon damage were recorded. Cotyledon 
damage was ranked from 0 = no damage to 5 - cotyledon 
death (Table 1). Damage rating reflected the amount of 
surface area that was eroded by thrips feeding.

Damage Test-B (DT-B)
Thrips population levels for DT-B were 3 nymphs 

and 3 adults plus uninfested check plants. Nine replica
tions were used. The damage rating system was expanded. 
Cotyledon and unifoliate damage were rated independently. 
The sum of these ratings equalled the seedling rating 
(Table 1). Seedling heights and mean dry weights were 
recorded.

block and each flat represented one replication. Data
were subject to ANOVA and separation of means was done by
LSD analysis.

Feeding Behavior Test
Feeding site preferences were determined for 

thrips caged on seedling alfalfa which was in the second 
trifoliate stage of development. Thirty-three of the
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Table 1. Scale and Criteria to Rank Alfalfa Seedling

Damage Following Infestation of F. occidentalis

Scale Damage Criteria

0
Cotyledon

No damage
1 Tips slightly chlorotic
2 Less than 1/2 surface eroded
3 Slightly less than total surface
4 erosion

Entire surface eroded but some
5

succulence remaining 
Cotyledons browned and brittle

0
Unifoliate

No damage
1 Slight chlorosis, size "normal/
2

proportionate"
Spotted, curled tips, malformed/

3
stunted

Severe curling and malformation
4 Leaf destroyed in bud stage

^Cotyledons were the principal criteria for DT-A. If 
unfoliate damage was severe, one point was added, but 
ratings never exceeded 5. Cotyledon and unifoliate 
damage were rated independently and summed in all 
subsequent tests.
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caged check plants from DT-B were each infested with two 
adult thrips. Observations of developing damage patterns 
were taken daily. At the sixth day, two more thrips were 
added to each cage to compensate for increasing plant 
size. The observations were terminated 12 days after the 
initial infestation. Observations were quantified.

Evaluation of Alfalfa for Resistance 

MS/MSTT Evaluation
Mesa-Sirsa Thrips Tolerant (MSTT) seedling alfalfa 

was evaluated for resistance to occidentalis. Evaluations 
were made in terms relative to its parental variety: 
Mesa-Sirsa (MS). Two evaluations (A and B) were done. 
Pneumatic cages were used in a replicated complete block 
design. Seeds of the two varieties were alternately sown 
in seven radially arranged rows/flat. Four replications 
of unifoliate seedlings were each infested with 300 adult 
thrips in Evaluation A. Three replications of second tri
foliate seedlings were each infested with 400 adult thrips 
in Evaluation B. Both tests were terminated after 10 days 
and parameters of height, damage, and dry weight were 
recorded. Data were analyzed by student's t-test.
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Multi-Varietal Evaluation for Resistance

Twenty-eight varieties of alfalfa were evaluated 
for resistance to flower thrips. Selection of varieties 
was based on agronomic and insect resistant qualities.

Pneumatic cages were used and the test was repli
cated seven times. Randomized, incomplete block design 
was used: four flats of seven randomly selected test
varieties/flat comprised a replication. Flats were 
infested with 300 adult thrips when seedlings were at the 
cotyledon stage of development. Tests were terminated 
six days after infestation. Seedling damage ratings and 
heights were recorded. Data were subjected to ANOVA and 
means were separated by Student-Newman-Keu1 (SNK) analy
sis.

Western Flower Thrips Biology 
Nymphal development, adult longevity, and fecun

dity of occidentalis were studied on mature plants of MS 
and MSTT alfalfa. The effect of leaf age was also 
recorded. Two foliage age classes were arbitrarily set. 
Leaves less than 10 days old were classified "terminal 
growth." Leaves between 2 and 6 weeks of age were 
classed "mature." Older foliage was considered "senes
cent; V As seedlings developed, every fifth leaf was 
labeled as a means of monitoring leaf age.
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An even age class of nymphs was caged on the 

plants. Nymphs were produced by the bean-vial technique.
Two 4 x 5 cm sections of 3mm plexiglass were 

hinged with fiber tape to serve as cages. Cage windows 
2.5 cm in diameter were covered with dialyzer paper and 
inner cage surfaces were lined with felt to prevent thrips 
escape. Each cage was infested with one nymph and a 
leaflet was sandwiched between the cage halves. Plexi
glass strips, embedded in the potting soil, supported the 
cages and rubber bands secured the cages in position.

Two nymphs were caged on each plant: one on
"terminal" foliage and one on "mature" foliage. Cages 
were relocated as leaf age criteria or degree of leaflet 
damage demanded. Leaflets that had supported mature 
thrips were monitored for nymphal emergence for 6-8 days 
after cage relocation. Emerging nymphs were confined to 
the leaflet by a Vaseline barrier around the petiolule.

Observations were made daily and data were sub
jected to analysis of variance.



RESULTS AND DISCUSSION

Sampling and Species Determinations
A total of 129 field and greenhouse collected 

thrips were mounted and identified. All greenhouse speci
mens and all but seven field specimens were identified as 
the western flower thrips, F. occidentalis (Pergande). 
Field samples included one individual of the phytophagous 
species Caliothrips (sp. undetermined) , four predaceous 
Stomatothrips flavus (Hood) , and two predaceous Franklino- 
thrips vespiformis Crawford.

Rearing
Little success was made in attempts to rear 

occidentalis on plant material. The principal difficulty 
was inability to effectively separate the thrips from the 
foliage. Escape was also a severe problem.

Emergence of nymphs placed on the artificial 
medium was 82%. However, all adults died shortly after 
emergence. Nutritional requirements of Thysanoptera 
have not been studied.

The bean/vial technique was successfully used to 
provide the even age class of nymphs necessary for the 
thrips biology studyl The technique was complicated by 
condensation of water in which nymphs drowned and was

17



considered too laborious to be expanded into a mass- 
rearing program.

Attempts to mass-rear occidentalis were discon
tinued in favor of collecting from naturally occurring 
greenhouse populations. Thrips from individually potted 
alfalfa plants were tapped onto a porcelain tray and 
aspirated. Greenhouse populations provided thrips for all 
experiments.

18

Damage Tests

Damage Test-A
Results of analysis of variance of data on mean 

seedling height and mean damage are summarized in Tables 2 
and 3 , respectively. Significant differences between 
treatments were found for both parameters at the 0.01 
level of significance. LSD separation of means are given 
in Table 4.

Degree of damage and height reduction was not 
statistically different among the three adult treatments. 
Five nymphs caused significantly less damage and height 
reduction than five adults. Control plants were signifi
cantly taller than all other treatments (Table 4).
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Table 2. ANOVA of Effects of Five Infestation Levels of

F. occidentalis on Alfalfa Seedling Height
Source of Degrees of Mean
Variation Freedom Square F

Treatments 4 8386.2 51.5**
Replications 8 327.5 2.0**
Interaction 32 241.8 1.5 NS
Error 148 162.9
Total 192 358.5

** significant at «a = 0.01
NS non-significant

Table 3. ANOVA of 
Levels of

Damage Effects of 
F. occidentalis

Five Infestation 
on Alfalfa Seedlings

Source of 
Variation

Degrees of 
Freedom

Mean
Square F

Treatments 3 16.9 23.4**
Replications 8 2.9 4.0**
Interaction 24 1.3 1.8*
Error 122 0.7 —  — —

Total 157 1.2 . —  —  —

** significant at a = 0.01 
* significant at a = 0.05 

NS non-significant
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Table 4. LSD Separation of Mean Seedling Heights and

Damagea Following Infestation by Five Infesta
tion Levels of F. occidentalis

Treatment
Mean-
Damage Mean

Height (mm)

5 nymphs 1.98a 60a
5 adults 3.14b 43b

10 adults 3.16b 39b
15 adults 3.42b 37b
Control 0.0 c 72c
LSD 0.05 0.53 7.6

^damage values ranged from 0 = no damage to 9 = seedling 
death

kmeans followed by the same letter are not different by 
LSD analysis at a = 0.05

Damage Test-B
Results of analysis of variance of data on mean 

seedling height, degree of damage, and dry weight are 
summarized in Tables 5, 6, and 1, respectively. Signifi
cant differences between treatments were found for all 
parameters at the 0.01 level of significance. LSD separa
tion of means for all parameters are given in Table 8.

Nymphs had significantly less impact on alfalfa 
seedlings than the equivalent number of adults.
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Table 5. ANOVA of Effects of Equal Infestations of Nymph

and Adult Populations of F. occidentalis on
Alfalfa Seedling Height

Source of 
Variation

Degrees of 
Freedom

Mean
Square F

Treatments 2 7495.6 112 .3 **
Replications 9 124.3 1.9 NS
Interaction 18 51.4 0.8 NS
Error 153 66.7 8.9 **
Total 182 150.9 ——

** significant at a = 0.01 
NS not significant

Table 6. ANOVA of Damage Effects of Equal Infestations of
Nymph and Adult Populations 
on Alfalfa Seedlings

; of F.

Mean
Square

occidentalis

Source of 
Variation

Degrees of 
Freedom F

Treatments 1 218.0 135.1 **
Replications 9 1.2 0.7 NS
Interaction 9 1.3 0.8 NS
Error 125 1.6 — ——
Total 144 3.1 — — —

** significant at a = 0.01
NS not significant
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Table 7. ANOVA of Effects of Equal Infestations of

Nymph and Adult Populations of F. occidentalis
on Alfalfa Seedling Dry Weight

Source of Degrees of Mean
Variations Freedom Square F

Treatments 2 to 00 1 4.4**

Replications 9 0.7 3.9*
Error 18 0.2 —  — —

Total 29 0.5 — — —

**significant at a = 0.01
♦significant at a = 0.05

Table 8. LSD Separation of Mean Alfalfa Seedling Damage3, 
Height, and Weight Following Infestation by 
Equal Populations of Nymph and Adult Thrips

Treatment
Mean*5
Damage

Mean
Height (mm)

Mean
Weight
(10-2g)

3 nymphs 2.39a 46.4a 4.13a
3 adults 4.85b 29.1b 3.16b
Control 0.00c 49.7a 3.98a

^ O . O l 0.54 4.18 0.50

^damage values ranged from 0 = no damage to 9 = seedling 
death

^means followed by the same letter are not different by 
LSD analysis at a = 0.01
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Additionally, mean height and dry weight of the nymphal 
treatment were not significantly different from the con 
trol values (Table 8).

Feeding Behavior
Feeding behavior on seedling alfalfa by western 

flower thrips was apparently guided by two criteria: 
nutritional and thigmotactic requirements.

Nearly 70% of the cotyledons were totally 
destroyed by thrips feeding. Whereas thrips damage is 
usually non-progressive, i.e. , only a portion of the leaf 
is destroyed before being abandoned, the cotyledon 
destruction indicates a nutritional preference.

Damage to leaves during their bud stage of devel
opment was evidence of the thigmotactic feeding criterion. 
Seventy-one percent of newly expanded leaves sustained 
feeding damage prior to expansion. Following expansion, 
these leaves were abandoned and rarely damaged further.

Pre-expansion leaflet damage was manifested in 
two ways. Most commonly, the leaflet expanded with 
crinkled margins and spotted margins. The second damage 
pattern was manifested as adaxial, necrotic spots 
symmetrically equidistant from the leaflet mid rib. These 
spots defined the point at which a thrips had wedged 
itself into a folded leaflet and subsequently fed.



Observations of thrips damage to mature plants 
indicated that buds and blossoms were highly preferred 
feeding and oviposition sites. It was commonplace to open 
a blossom and find a group of nymphs. Damage to foliage 
commonly occurs but was generally non-progressive.

Flower thrips are considered capable of retarding 
stand development by infesting fields of seedling alfalfa. 
Due to non-progressive feeding patterns of occidentalis, 
the probability of seedling mortality due to thrips feed
ing is considered low.

Evaluation of Alfalfa for Resistance

MS/MSTT Evaluation Tests
Analysis of data (by Student's t-test, -.a = 0.05) 

indicated no difference between Mesa-Sirsa Thrips Tolerant 
and its parental variety: Mesa Sirsa. These data indi
cate that MSTT seedlings exhibit no resistance to 
occidentalis when measured in relation to MS.

The individual plants of MS which were selected 
from a heavily thrips infested field may have been expres
sing pseudoresistance. Painter (1951, p. 16) defined 
pseudoresistance as, "apparent resistance which is the 
result of transitory characters in potentially susceptible 
host plants." Conditions such as plant age, soil fertility.
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and uneven field distribution of insects may contribute 
to pseudoresistance.

An alternative explanation could be that the field 
infestation may have been a thrips species other than 
occidentalis. Painter (1951) suggested that plants may be 
resistant to one species of thrips but not another.

Multi-Varietal Evaluation for Resistance
Results of analysis of variance of data on resis

tance to thrips are given in Tables 9 and 10, respectively. 
No significant difference in damage was found among treat
ment (varieties). Significant differences were indicated 
at the 0.01 level of significance among varietal mean 
heights. Mean heights were separated by SNK (Student- 
Newman-Keul) analysis (Table 11). Table 11 gives varietal 
mean-damage ratings and percent germination.

Significant height differences without corre
sponding differences in damage ratings indicated relative 
seedling vigor but not resistance. Therefore, among the 
28 varieties evaluated, sources of thrips resistant germ- 
plasm were not located.

Western Flower Thrips Biology
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Nymphal Duration
This test started with 72 .nymphs on 36 plants. 

Following mortality of 12 nymphs and escape of others,
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Table 9. ANOVA Results of the Multi-Varietal Alfalfa 

Evaluation for Resistance to F. occidentalis 
Comparing Varietal Mean Seedling Heights After 
Infestation

Source of 
Variables

Degrees of 
Freedom .

Mean 
Square . • F

Treatments 27 110.0 7.5**
Replications 6 1636.4 112.2**
Error 162 14.6 — —
Total 195 77.7

**significant at = 0.01

Table 10. ANOVA Results of the Multi-Varietal Alfalfa 
Evaluation for Resistance to F. occidentalis 
Comparing Mean Varietal Damage Ratings After 
Infestation

Source of 
Variables

Degrees of 
Freedom

Mean
Square F

Treatments 27 mo 1.7 NS
Replications 6 11.7 39.5 **
Error 162 0.3 8.6 **
Total 195 0.7 — —

* * significant at = 0.01
NS not significant
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Table 11. Varieties Evaluated for Resistance to

F. occidentalis with Percent Germination 
and Mean Varietal Damage Ratings and 
Heights Following Infestation

Percent Meana Mean*3
Variety Germination Damage Height (mi

Cody 36 4.29 20.2a
Dawson 65 4.26 20.2a
Ladak 65 40 4.10 20.7a
Narangansett 72 3.70 20.8a
Ranger 62 4.21 21.3ab
Vernal 86 3.87 22.2ab
Team 75 4.01 22.6ab
Buffalo 37 3.98 23.Oab
DuPuits 41 4.59 23.Oab
Lahanton 36 4.35 23.lab
Apollo 81 4.03 23.3ab
Washoe 52 4.39 23.4ab
Kanza 53 4.30 23.Sab
Florida 66 14 4.24 24.4abc
Mesilla 45 4.29 24.6abed
Weevlchek 76 3.68 26.Oabcde
Caliverde 65 79 3.82 26.4abcde
Bonanza 70 4.39 26.6abcde
Arc FC45005 73 3.75 27.8bcde
El Unico 68 4.62 27.9bcde
Sonora 31 4.50 28.3bcde
Moapa 69 68 4.49 29.Obcde
Lew 64 4.14 30.8cde
UC Cargo 67 4.05 31.Ode
MSTT 78 4.37 31.le
Hayden 66 4.50 31.4e
CUF-101 90 3.89 32.5e
PA—1 97 4.04 32.6e
^Damage was rated from 0 = no damage to 9 = seedling death. 
ANOVA indicated no differences in degree of damage among 
varieties.
^Means followed by the same letter are not different by SNK 
analysis at a = 0.05.
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data were available for 53 nymphs. Forty-nine of those 
nymphs were successfully sexed? 32 <£ i l l  ( f  .

Effect of alfalfa variety and age of foliage on 
development of nymphs were subjected to analysis of vari
ance. Developmental differences between the sexes were 
also analyzed as were the interactions between the treat
ments. ANOVA results are presented in Table 12. No sig
nificant differences were found among treatments or inter
actions. Under greenhouse conditions, nymphal development 
required approximately 15 days, regardless of the treat
ment.

Thrips Longevity
Longevity was determined for 34 thrips. Data 

were subjected to ANOVA. Results are given in Table 13.
Effect of variety and age of foliage on longevity 

of and Cf* thrips was not significant. Sex by foliage 
age and variety by foliage age interactions were signifi
cantly different. These differences are presented in 
Tables 14 and 15, respectively.

Table 14 shows that foliage age affected male 
longevity, but not female longevity. Males lived longer 
on mature foliage.

Table 15 indicates that the effect of foliage age 
was opposite for the two alfalfa varieties tested.
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Table 12. Duration of F. occidentalis Nyxnphal Develop

ment as Affected by Factors of Alfalfa Variety
and Age of Foliage

Factor or 
Interaction

Treat
ment

Number 
of obser
vations

Duration 
X±5 (days) F 1.41

males 17 14.711.96
Sex (S) females 32 15.112.06 0.71 NS

MSTT 22 15.011.99 0.25 NS
Variety (V) MS 31 14.912.05 0.25 NS

SxV — — — — — — — — — 2.16 NS
mature 26 14.911.74

Foliage (F) terminal 27 15.012.26 0.22 NS

SXF — —— — —— — —— 1.00 NS
VxF — —— — —— 0.69 NS
SxVxF —— — — — — — —— 3.81 NS

NS not significant at a = 0.05 (ANOVA)
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the Factors of 
Foliage

: Alfalfa Variety and Age of

Factor or 
Interaction

Treat
ment

Number 
of obser
vations

Duration 
X±5 (days) F

males 14 52.9+17.6
Sex (S) females 20 57.2+13.3 1.0 NS

Variety (V) MSTT
MS

23
11

56.6+15.1 
53.0±15.7

0.39 NS

SxV
mature 17 58.8±15.6

0.39 NS 

3.07 NSFoliage (F) terminal 17 52.0±14.2
SxF —— — — —— —— — 4.74*
VxF — —— — — — —— 16.22**
SxVxF —— — — —— — —— 0.14 NS

NS = not significant at a = 0.05 (ANOVA) 
*significant at a = 0.05 (ANOVA)
**significant at a -  0.01 (ANOVA)
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;__________________ Foliage_____________________
_____Terminal________  _____Foliage_________

Sex Mean Observations "Mean Observations

Table 14. Longevity (days) of F. occidentalis as
Affected by the Factor Interaction of Sex
and Age of Foliage

males 42.7 6 60.6 8
females 57.1 11 CMin 9

Table 15. Longevity (days) of F. occidentalis as 
Affected by the Factor Interactionof 
Alfalfa Variety and Age of Foliage

Foliage
_____Terminal _____Foliage_____
Mean Observations Mean Observations

MSTT 48.3 12 65.6 11
MS 60.8 .5 46.5 6



Longevity was enhanced by mature foliage of MSTT and by 
terminal foliage of MS.

32

Because of the small sample sizes available for 
these interactions (Table 14 and 15) , the biological 
significance of these data are questionable.

A survivorship curve of western flower thrips as 
affected by MS and MSTT alfalfa shows extremes of longevi
ties from 21 to 82 days from date of egg hatch (Figure 1).

Thrips Progeny Production
Neither age of foliage nor variety of alfalfa 

caused significant differences in the mean number of 
progeny produced/female. ANOVA results are given in 
Table 16. Overall mean progeny/female was 21.0 ± 15.5 
with a range from 0-53.

Figure 2 presents a female survivorship curve and 
a curve for mean progeny/female/day. Maximum progeny 
production/female occurred on day 42 with 1.41/female.
That day also represented the beginning of a crash of the 
female population. From day 42 through day 58, 65% of the 
females died.



SU
R

VI
VA

L

100

AGE (days)

Fig 1. Western Flower Thrips Survivorship as Affected 
by Two Alfalfa Varieties: MS and MSTT
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Table 16. Progeny Production of F . occidentails as

Affected by Factors of Alfalfa Variety and
Age of Foliage

Number of Number of_
Factor Treatment Observations Progeny (X±5) F(l,13)

MSTT 15 19.7+13.9
Variety

MS 5 24.8+21.1
2.55 NS

terminal 11 21.2±14.8
Foliage

mature 9 20.8±17.3
2.01 NS
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SUMMARY

The western flower thrips is a pest in a variety 
of crops grown in the western United States. Large popu
lations of occidentalis commonly arise from alfalfa 
fields. Alfalfa supporting these insects suffered reduc
tion of seed yields but forage yield was not affected 
(Seamans 1923). This study measured the effect of several 
thrips infestation levels on seedling alfalfa; sought 
sources of thrips-resistant germ plasm; and studied 
thrips biology as affected by two varieties of mature 
alfalfa.

Adult thrips were found to produce significantly 
greater seedling height and weight reductions than equal 
populations of nymphs. Three adult occidentalis caused 
significant seedling stunting, but three nymphs had no 
effect on seedlings. Western flower thrips are consid
ered capable of retarding stand development by infesting 
fields of seedling alfalfa. Due to non-progressive feeding 
patterns of occidentalis, the probability of seedling 
mortality due to thrips feeding is considered low.

Evaluation of 28 varieties of alfalfa (including 
a presupposed thrips resistant variety) produced no evi
dence of resistance to thrips.
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Effects of alfalfa variety and age of foliage 
produced no significant differences in duration of nymphal 
development, longevity, or female fecundity of western 
flower thrips. Under greenhouse conditions, mean nymphal 
duration approximated 15 days; mean longevity was 57.2 
days; and, female thrips produced a mean of 21 progeny.
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APPENDIX A

WHEAT GERM DIET INGREDIENTS

Constituent Amount
Water 2400 ml
Agar 75 gCasein 126 gKOH (22%) 18 ml
Sucrose 126 gWheat germ 108 gAlphacel 18 gWesson Salts 36 gMethyl para-hydroxybenzoate 5.5 gCholine chloride (10%) 36 ml
Vitamins 12 ml
Acetic acid (25%) 36 ml
Aureomycin (5.5%) 166.6 mg
Formaldehyde 
Vitamins:

5 ml
Calcium pantothenate 282 mg
Nicotine acid amide 144 mg
Riboflavin 72 mg
Folic acid 72 mg
Thiamine hydrochloride 36 mg
Pyridoxine hydrochloride 36 mg
Biotin '-2.9 mg
B-12 144 ug
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