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of this date across several years of study, photoperiod, as with many insect species, is the 
environmental stimulus that induces the diapause. It is the nymphal stage, however, that 
responds to this stimulus. It appears that exposure of the nymphs to a photoperiod of less than 
13 hours in mid-late August predisposes the adults developing from these nymphs to be in a 
diapause state. A portion of the adult population diapauses for only about 3 weeks and by mid
November about _ of the population is reproductive. WTPB feed on alfalfa and weed host plants 
during warm periods from December to February. This period of diapause, i.e., late fall and 
early winter, may at first appear "counter-productive" to the insect's survival and fitness. Insects 
diapause often during periods of extreme unfavorable environmental conditions, often cold or 
heat (sometimes to drought), and the emergence from diapause in December would appear to be 
at the onset of the coldest period in the Central Valley. It has been hypothesized that the 
diapause may have evolved in response to the arid summer and fall conditions in the west, i.e., 
California's Mediterranean climate, and the subsequent lack of vegetation during this period 
(alfalfa production did not "fit into the picture" during this period of evolutionary time). With 
the onset of late fall and winter preci pitation, vegetation would again be present to facilitate 
WTPB survival and ending the diapause would be advantageous. Eggs are deposited during the 
December to February period with eclosion occurring in late winter. An average of 200 eggs 
can be deposited over a 30 day period (Leigh 1963). Five to seven generations per year 
commonly occur in the Central Valley on alfalfa; one to two generations can occur on winter and 
spring host before movement to cotton and other "summer" crops. Three generations commonly 
occur per year on SlV cotton (Leigh et al. 1996). Adult WTPB are most active at dawn and dusk 
and move little at night; they can feed extensively at night (Sevacherian 1970). 

DEVELOPMENTAL RATES 
Several studies have been conducted on WTPB development in response to temperature 
including detailed laboratory developmental studies and field studies utilizing intensive sampling 
and population age distribution census. Several other studies monitored development of WTPB 
at a single temperature regime (and on various hosts for instance) and can be used for 
comparison with the full developmental response curve from green beans. On green beans, 
lower and upper developmental thresholds of 46.4°F and 104°F, respectively, were determined 
(Champlain and Butler 1967). Egg and nymphal development required ~260 and 510 degree
days, respectively (~770 degree-days for egg to adult). Pickel et al. (1990) found somewhat 
lower values on strawberries with 252 degree-days for egg eclosion and 371 degree-days for 
nymphal development (623 egg to new adult). This study derived a lower developmental 
threshold of 54 of. This higher threshold could account somewhat for the variance in degree-day 
values although the host plant is undoubtedly also important. Sevacherian et al. (1977) studied 
the development of lygus bugs on safflower and utilized these data to generate an IPM approach 
in this crop. With a lower threshold of 52 of, 668.6 degree-days were required for 50-70% of the 
population to reach the 3rd to 5th instar. Although it is difficult to compare with the other studies, 
if one infers that the average development is to the mid 4th instar, at least another 100 units 
would be required to reach adulthood. Therefore, WTPB development on safflower appears to 
be similar to that on green beans (about 800 degree-days) and somewhat slower than that on 
strawberry (623 degree-days). Leigh (1963) reported that WTPB required 7 days (=200 degree
days at 52°F base) and ~ 13.5 days (~3 70 degree-days) for eclosion and the nymphal development 
to new adults, respectively, on green beans. The 570 degree-days (oviposition to new adult) is 
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lower than that found by Champlain and Butler albeit they used a different lower threshold. 
Cave and Gutierrez (1983) found a trend for faster nymphal development of WTPB on alfalfa 
(228 degree-days), compared with cotton (303 degree-days on squares and 342 degree-days on 
terminals). They used a 53.4°F lower threshold for development in this field study in which , 
Lygus from a laboratory colony were placed into field cages. Barlow et al. (1999) reported on 
the development of WTPB on alfalfa and weeds under late winter/spring conditions. Adult 
WTPB longevity was comparable on wild oats, annual bluegrass, chickweed, Shephard's purse, 
and groundsel to data reported from green beans (Leigh [1963]) at ~40 days. However, adult 
longevity on alfalfa was 81 days, twice that on green beans. Cave and Gutierrez (1983) showed 
survival of WTPB on alfalfa in the 40 day range under "summer" conditions. Developmental 
times (degree-days) of WTPB nymphs on these spring annual weeds ranged from 576 on wild 
oats to 671 on chickweed (54°F base temperature) (Barlow et al. 1999). Development was 
slower on alfalfa at 1020 degree-days. The reason for the slow development on alfalfa relative to 
other studies, i.e., Cave and Gutierrez (1983), is unknown. Several researchers have speculated 
on the need for flowers (pollen and nectar) to enhance WTPB development. In the Barlow, 
Godfrey, Norris study, several of the winter annual weeds flowered more readily than alfalfa 
during the lygus bug developmental period and this could have influenced the results. 
Shepherd's purse was the best host in terms of building WPTB numbers through the one 
generation of the study in an environmental chamber. Populations increased 9-fold on this weed 
species; numbers were roughly maintained at constant levels on common groundsel and annual 
bluegrass. Wild oats, alfalfa, and common chickweed allowed only a few WTPB to develop 
from the egg to adult stage, but some development did occur. Foxtail barley was not an 
acceptable developmental host. 

Few studies have been conducted examining WTPB movement, host choice, feeding, and life 
history traits among several plant hosts. Given the high mobility of this pest and the multiple 
available hosts during the season, this would appear to be an important area of research. Cave 
and Gutierrez (1983) compared survivorship and fecundity of WTPB in cotton to cotton (bugs 
produced on cotton and placed on cotton for the next generation), alfalfa to alfalfa, and alfalfa to 
cotton scenarios. Adult females remaining on cotton produced eggs about 1 day quicker than 
those originating on alfalfa and moving over to cotton; continuous production on alfalfa allowed 
adult females to oviposit in 10 days (1 day quicker than continuous rearing on cotton). The 
number of eggs deposited was greatest in the cotton to cotton system, intermediate in the alfalfa 
to alfalfa and lowest in the alfalfa switching to cotton system. AI-Munshi et al. (1982) found that 
WTPB adults survived longer on green beans and wheat than on mustard which was better than 
tomato. The longevity of adults transferred among these hosts was also quantified. Barlow et al. 
(1999) in a choice test compared the acceptability of wild oats, annual bluegrass, chickweed, 
Shepherd's purse, groundsel, foxtail barley, and alfalfa as hosts and ovipositional substrates for 
WTPB. Using visual observations, adults spent the most "time" on Shepherd's purse and 
groundsel and the least time on foxtail barley. Alfalfa was intermediate in terms of acceptance. 
Oviposition occurred on all hosts with annual bluegrass, Shepherd's purse, and groundsel having 
moderate numbers of eggs deposited; inexplicably, the highest number of eggs was deposited in 
foxtail barley which was not a host for WTPB nymphal development. 
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Lygus bug movement among different host plants in the field has not been expensively studied. 
The cultural control tactic of interplanting alfalfa strips within cotton fields to attract and retain 
WTPB in the alfalfa (Stern 1969, Stern et al. 1967) indicates that alfalfa may be a preferred host. 
The finding by Leigh et al. (1974) that higher numbers of WTPB were found in cotton with 
higher plant densities and more frequent irrigation indicates that micro-habitat may be important. 1 

Overall, factors which increased the density of the plant canopy facilitated higher lygus numbers 
in this study. Therefore, WTPB selection of alfalfa may be related more to the plant canopy 
(thick, lush growth) than the specific host plant. 

HOST PLANTS 
The western tarnished plant bug has a wide host range; however, the reported host range is not a 
wide as 1. lineolaris. Scott (1977) reported over 100 plant species as host for WTPB in 24 plant 
families. By comparison, Young (1986) reported more than 385 plant species in 55 families as 
tarnished plant bug hosts. The breakdown by common plant families is below. 

Table 1. Percentage of hosts reported by family 
from Goodell 1998 . 

Plant Famil 1. lineolaris a 1. hes erus b 

Asteraceae 26.17 23.42 
Fabaceae 11.01 15.32 
Brassicaceae 7.70 6.31 
Graminae 5.23 7.20 
Chenopodiaceae 3.31 6.31 
Plantaginaceae 1.10 7.21 
Rosaceae 5.79 5.00 
others 39.69 29.00 
a Young, 1986 • 
b Scott, 1977 

Much of the literature on WTPB hosts is clouded by the lack of reporting whether the plant 
species is a reproductive host or if the insect was just found feeding on the plant. In addition, 
reproduction on many weedy host plants has not been studied. The five weeds shown to be hosts 
by Barlow et al. (1999) were all new hosts compared with the Scott (1977) list and one of these 
hosts was shown to be a good host for reproduction. AI-Munshi et al. (1982) in a laboratory 
study added wheat to the WTPB host list. The importance of weeds for promoting WTPB 
populations is unclear. Barlow (1997) found more WTPB in an alfalfa stand infested with 
broadleafweeds compared with non-weedy alfalfa. Conversely, grassy weeds in an alfalfa field 
appeared to deter lygus bug population build-up relative to pure alfalfa. The role of specific 
weed hosts in increasing WTPB field populations, and subsequent damage potential to cotton 
due to population level or feeding propensity, is unknown. Certainly, winter and early spring 
weeds act as a reservoir for WTPB and provide a link to "summer" crops in the Central Valley. 
The relative importance of alfalfa versus valley basin weeds versus Foothill weeds for providing 
this link and hosts for early build-up is unknown. 
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LYGUS IN THE WESTERN LANDSCAPE - CALIFORNIA 

Charles G. Summers! 

CALIFORNIA LANDSCAPES IN WHICH LYGUS ARE IMPORTANT: Lygus bugs are 
ubiquitous insects occurring statewide in a diversity of habitats and under a variety of 
environmental conditions. Lygus prefer young buds or growing tips (meristem) of plants and 
population buildup tends to follow such plant development. Irrigated agriculture provides an 
excellent habitat for lygus bugs, however they are commonly found on desert vegetation, in 
foothill areas, abandoned fields and riparian habitats, particularly during the rainy season. While 
economic injury does not occur on many of these hosts, e.g. foothill areas, these are important in 
the overwintering and buildup of individuals which later move into sensitive agricultural crops. 

WHERE DO LYGUS OVERWINTER AND IN WHAT LIFE STAGE(S): Overwintering 
occurs mainly as adults in a sexual diapause or arrested reproductive stage (Leigh et al. 1996). 
Diapause is induced by decreasing day length during the fall. Adults again become reproductive 
when day length decreases to less than nine hours (December) (Beards and Strong 1966). 
Overwintering as late instar nymphs, particularly during mild winters in parts of central and 
southern California, may occur in crops such as alfalfa. 

HOW MANY GENERATIONS OCCUR: As with other insects, the number of generations per 
year is dependent on degree-day accumulations and to a lesser extent on host plant. The mean 
generation time is listed as 767 (F) DO (Champlain and Butler 1967) (laboratory study) to 799 
(F) DO (Pickel et al. 1990) (field study). In the San Joaquin Valley, lygus have 5-7 generations 
per year on a perennial crop such as alfalfa (Leigh et al. 1996). Alfalfa is the habitat most likely 
to maximize the number of generations (Leigh et al. 1996). Other crops, such as cotton, may 
produce up to three generations per year. 

WHAT ARE THE KEY CROPS AND PLANTS IMPORTANT IN LYGUS 
DEVELOPMENT: The single most important crop is alfalfa (Stern 1969). Alfalfa constitutes a 
major overwintering site as well as a location for the early spring buildup of lygus populations. 
Safflower is also an important source oflygus on the west side of the San Joaquin Valley. Winter 
annual vegetation growing in the foothills, particularly on the west side of the San Joaquin 
Valley, also constitute an important area of lygus overwintering and development. On the east 
side of the San Joaquin Valley, vegetation along riverbeds may remain lush late into late spring 
constituting an area of lygus buildup. Likewise, weeds growing along roadsides, ditch banks and 
open fields also serve as overwintering sites and constitute locations for early season lygus 
buildup. In addition, cover crops in grapes and deciduous fruits and nut crops serve as important 
sites of lygus development. 

WHAT ROLE AND IMPORTANCE DO NON-ECONOlVIICALLY SUSCEPTIBLE 
HOSTS PLAY IN LYGUS BUILDUP: A wide variety of winter annual weed hosts are of great 
importance to lygus buildup, particularly on the west side of the San Joaquin Valley. As a prime 

I Department of Entomology, University of California, One Shields Ave., Davis, California. Published in 
Proceedings, Lygus Summit, 28 November, 2000. Visalia, CA, University ofCA Division of Agriculture and 
Natural Resources. 
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overwintering site, early buildup occurs on these plants. Lygus overwinter in such areas, begin 
development in late winter and early spring and then as thc winter annuals dry down in the 
spring, huge migrations enter the agricultural areas on the valley floor. 

, 
HOW DOES THE POPULATION GENERALLY BUILD IN YOUR AREA: On either 
overwintering annual vegetation, most commonly in the foothills ofthe western San Joaquin 
Valley, or in alfalfa. As the annuals dry up in the spring, lygus move to other hosts, many of 
which are in irrigated agriculture. Safflower constitutes an agricultural crop of significant 
importance for lygus buildup during the spring. Lygus move from the winter annuals to 
safflower as the winter annuals dry down. Later in the season, as safflower dries, lygus move out 
into other susceptible crops. Lygus continue to build up on alfalfa throughout the spring and 
summer and with each cutting migrate to adjacent susceptible crops such as cotton, beans, 
strawberries and a host of other species. 

WHAT ARE THE SUSCEPTIBLE CROPS: Goodell (1998) notes that Lygus hesperus has 
been reported from 110 hosts while L. lineolaris has been rcportcd from 328 host plants. In 
California, the host list for Lygus spp. is extensive. Many of the states 250 crops are hosts for 
lygus bugs and in addition, many weed species serve as hosts as well. Of the 54 crops covered by 
the UC IPM Pest Management Guidelines, 10 list a discussion of and control recommendations 
for lygus bugs. Some crops such as carrots, onions or lettuce, although a host for lygus, do not 
sustain economic injury when grown as a food crop. These same crops, when grown for seed, are 
severely injured by lygus feeding. 
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LYGUS IN THE WESTERN LANDSCAPE - ARIZONA
 

Peter C. Ellsworth I 

ARIZONA LANDSCAPES IN WHICH LYGUS ARE IMPORTANT:
 

WHERE DO LYGUS OVERWINTER AND IN WHAT LIFE STAGE(S)?: 

HOW MANY GENERATIONS OCCUR?: 

WHAT ARE THE KEY CROPS AND PLANTS IMPORTANT IN LYGUS 
DEVELOPMENT?: 

WHAT ROLE AND IMPORTANCE DO NON-ECONOMICALLY SUSCEPTIBLE 
HOSTS PLAY IN LYGUS BUILDUP?: 

HOW DOES THE POPULATION GENERALLY BUILD IN YOUR AREA?: 

WHAT ARE THE SUSCEPTIBLE CROPS?: 

I Peter C. Ellsworth, IPM Specialist, Department of Entomology, University of Arizona, Maricopa Agricultural 
Center, 37860 W. Smith-Enke Rd. Maricopa, AZ 85239. Published in Proceedings, Lygus Summit, 28 November, 
2000. Visalia, CA, University ofCA Division of Agriculture and Natural Resources. 
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LYGUS IN WESTERN LANDSCAPES: PACIFIC NORTHWEST 

Doug Walsh I 

The Pacific Northwest is divided by the Cascade mountain range. The westside of the 
Cascade range receives abundant rainfall (>40 inches annually) and winter and summer 
temperatures are moderated by proximity to the Pacific Ocean. Areas east of the Cascade 
range are covered by a rain shadow that is created by the mountains. This primarily semi
arid landscape can receive as little as 3 inches of rainfall in some locations. However, 
rainfall typically increases with increased distance east of the mountains. Some areas in 
Eastern Washington State and Western Idaho can receive up to 30 inches of rainfall. 

Washington State produced approximately $5 billion in agricultural products in 1997. 
Roughly 80% of the agricultural production is in the semi-arid regions of eastern 
Washington State. With the exception of dry beans, lentils, and some grain crops (wheat 
and barley) most of the agricultural production east of the Cascade mountains depends on 
irrigation. It is within these areas that Lygus bugs are a pest in the Pacific Northwest 

Table 1 details the crops on which Lygus bus are considered a agronomic pest in the 
Pacific Northwest. (DeAngelis et al. 1999). Lygus in the Pacific Northwest have an 
extensive host range of both introduced and exotic plants and weeds (Table 2). 
Lygus overwinter as adults in plants and plant debris. Russian, thistle, Kochia, 
smotherweed, mullein, horseweed, sweetclover, wild mustards, ragweed, and sagebrush 
are among many plants that persist in the Pacific Northwest that serve as good 
overwintering hosts for Lygus. Overwintering Lygus adults become active as 
temperatures warm in spring. They mate soon after emerging and mated females begin 
laying eggs several days hence. A phenology model (Pickel et al. 1990) that proved 
effective at predicting subsequent Lygus generation cycles in California has been tested 
in the eastern Washington. The model has proven relatively accurate at predicting the 
first generation hatch of Lygus in spring in Eastern Washington. However, the model 
loses predictive accuracy as spring progresses (Dan Mayer, personal communication). 
Lygus bug populations typically will complete 3 generations per year in Eastern 
Washington, Eastern Oregon, and Western Idaho. Insecticide resistance has been 
documented in Lygus populations infesting alfalfa and vegetable seed crops. 

In limited field surveys conducted during summer of 2000 we observed a greater 
abundance ofLygus in field sites with established stands of exotic flowering weedy 
plants then in sites comprised mainly of native bunch grasses (Walsh and Wight 2000). 
Human influence though plant introduction and irrigation has increased Lygus bug 
Populations in the Pacific Northwest. 

1 Extension Entomologist, Washington State University. 
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Table 1. Crops with chemical controls recommended for Lygus suppression in the Pacific 
Northwest Insect Control Handbook. 
Dry beans Lima beans Snap beans 
Lentils Potatoes Sugar beets 
Strawberries Caneberries Spinach 
Apples Pears Forage crop seeds (alfalfa) 
Prunes Plums Several vegetable seed crops 
Apricots 

Table 2. Common weed hosts for Lygus in the Pacific Northwest 
Wdd radIsh 
Redmaids 
Canada thistle 
Lambsqurters 
Kochia 
Ragweed 

Mustards 
Shepherdpurse 
Curly dock 
Pigweed 
Mullien 
Pepperweed 

ChIckweed 
Lupines 
Smart Weed 
Common groundsel 
Russian thistle 
Rabbit brush 

Fdaree 
Burc10ver 
Knotweed 
Pineappleweed 
Sage 
horseweed 

REFERENCES 

DeAngelis and others. 1999. Pacific Northwest Insect Control Handbook. 

Pickel, c., D.B. Walsh, & N.C. Welch. 1990. Using degree-days to time insecticide 
sprays for Lygus control. Santa Cruz County Extension Publication. pp. 6 

Walsh, D., & R. Wight 2000. Riparian Buffer Zones, Field Studies Summer 2000. 
Agrichemical and Environmental News. Issue No. 174. 
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LYGUS IN THE WESTERN LANDSCAPE - UTAH 

William A. Brindleyl 

1) WHAT ARE THE GENERAL LANDSCAPE AND WATER SOURCE, WINTER 
TEMPERATURES, RAINFALL? Rangeland, forage crops, grain, and corn with scattered 
vegetables and in some areas fruit with a mixture of rain-fed and irrigated land and usual 
freezing temperatures in winter after snowfall. The species that predominates is Lygus hesperus 
with some other lygus species prominent on weeds (Lygus elisus). In Nevada, there is often a 
more pronounced mixture of L. hesperus and L. elisus or even sometimes fields dominated by L. 
elisus. In Idaho, Washington, Oregon and California the main lygus we have encountered is L. 
hesperus and one has to be careful about assuming lygus bugs on weeds are Lygus hesperus. 
The old "color" cues that you once heard cited do not work. We use Kelton's key to the adults. 
Please refer to Figure 1 for distribution according to samples submitted to USU Diagnostic Lab. 

2) WHERE DO LYGUS OVERWINTER AND IN WHAT STAGES? Overwintering lygus 
can be found in multiple stages under flat mullein leaves but adult overwintering is most 
common. They probably exist in other weed duff and protected areas as well but we have not 
surveyed those. 

3) HOW MANY GENERATIONS OCCUR? Probably 2 or 3 in the north, more in the south 
would be my guess. Alan Roe of the USU Plant Diagnostic Lab has provided a graphic on the 
next page (Figure 2). 

4) WHAT ARE THE KEY CROPS AND PLANTS IMPORTANT IN LYGUS 
DEVELOPMENT? Alfalfa hay and weeds are probably the key crops or plants (Table 1). 

5) WHAT ROLE AND IMPORTANCE DO NON-ECONOMICALLY SUSCEPTIBLE 
HOSTS PLAY IN LYGUS BUILDUP? Non-economic hosts are probably important in lygus 
buildup. We have not studied it. 

6) HOW DOES THE POPULATION NORMALLY BUILD IN YOUR AREA? By in-field 
buildup in alfalfa without major migratory flights but this deserves more study. 

7) WHAT ARE THE SUSCEPTIBLE CROPS? Alfalfa seed has declined drastically in Utah 
but that is the major target. Lygus bugs are not considered to be significant pests of alfalfa hay. 
Fruit and berries draw some damage. 

The major advantage of Utah is it is a state where economic pressure from lygus bugs is 
relatively low because of the crops grown but populations do build up. We rarely see major 
abundance of nymphs, not like alfalfa seed fields in the northwest. Alfalfa hay is a major source 
during the season and it is mostly culturally cut to control alfalfa weevils; very few alfalfa fields 
are sprayed now. Thus Utah populations are a good source of indexing values for insecticide 
resistance studies. Despite some skepticism from some segments of industry, the contact 

I Utah State University. billb(@biologv.usu.edu, (435) 752-9716 
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bioassays of Lygus hesperus in zip lock bags or glass vials works extremely well and is capable 
of documenting progress toward resistance. There is usually a very broad window of apparent 
efficacy in relation to LC50 values; in other words, LC50 values will rise as growers still 
perceive good enough control to continue spraying. The best way, therefore, to interpret what a 
bioassay value means is to know the field-measured efficacy of a spray. For bifenthrin, we have 
found susceptible Lygus hesperus populations will have a plastic bag LC50 of about 40 uglbag 
but farmers will begin to notice shortened efficacy time by 200 ug/bag. LC50s have risen with 
continued spraying past 600 ug/bag. We have quite a lot of data on Lygus hesperus LC50s in 
some areas of the west and northwest. 

For those interested in other crops, similar contact bioassays are also effective. Onion thrips are 
one example of another insect we have worked upon. 

The presence or efficacy of biological control agents has not been much studied in Utah. 
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Figure 1. Distribution summary for Lygus from samples that have been submitted to the 
Utah State Diagnostic Lab. (Editor's notes: Data provided by Alan Roe. Data are 
representative of only those samples submitted (n=40) and is not intended to be a 
definitive distribution of lygus in Utah.) 

Common Name: GENUS LYGUS
 
Scientific Name: LYGUS SPP.
 
Family: MIRIDAE
 
No. of Records: 40
 

GEOGRAPHIC DISTRIBUTION 

\ I 1 Code County Count 
\ CA\ , ---------------------
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1 I 
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1 I 1 
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Figure 2. Chronological distribution oflygus from samples submitted (n=40) to USU 
Diagnostic Lab. Data from Alan Roe. 

CHRONOLOGICAL DISTRIBUTION 

IJ F M ,r', M J J A SON D 

Eggs 

Nymphs/Larvae 1 1 1
 

Pupae 

Adults 5 166 1 2
 

Damage/Exuvia 11 1
 

Unspecified 1 2 1 2 11211 1
 

All Combined 5 166111 2 12 2 21323 1
 

Table 1. Hosts identified from 40 samples submitted to USU Diagnostic Lab. Data from 
Alan Roe. 

HOST/SITUATION SUMMARY 

ALFALFA 17
 
ALFALFA, SEED 2
 
APPLE 1
 
APRICOT 1
 
BEAN,SNAP 1
 
HOME GARDEN
 
PEAR 1
 
POTATO 3
 
WHEAT 1
 

ELM 1
 
HOME YARD 1
 
MULLEIN,COMMON 10
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IMPACT OF LYGUS ON CROPS-COTTON
 

• 
Steve Wright l 

HOW ARE POPULATIONS OF LYGUS SAMPLED OR MONITORED? 

WHAT ARE THE ECONOMIC THRESHOLDS? 

HOW IMPORTANT ARE EXTERNAL LYGUS POPULATIONS TO THE CROP? 

WHAT INSECTICIDES ARE EFFECTIVE? 

WHAT OTHER BIOLOGICAL OR CULTURAL OPTIONS ARE AVAILABLE? 

I Tulare County Farm Advisor, University of California Cooperative Extension. 
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IMPACT OF LYGUS ON CROPS - DRY BEANS 
(EMPHASIS ON BLACKEYE COWPEAS) 

Carol Frate1 

HOW ARE POPULATIONS OF LYGUS SAMPLED OR MONITORED?
 

In California, lygus are monitored using a sweep net in all the dry beans. The definition of a 
sweep is one pass over two rows of beans. 

WHAT ARE THE ECONOMIC THRESHOLDS? 

Blackeyes: 0.5 lygus bugs/sweep during bud through small pod, 1 bug/sweep later in 
the season
 

Limas: 0.5 bugs/sweep during early bloom, 1-2 bugs/sweep later in season
 
Green limas: 1 bug/sweep
 
Pinks, Reds: 1 - 1.5 bugs/sweep
 
Small whites: 1.5 bugs/sweep
 

HOW IMPORTANT ARE EXTERNAL LYGUS POPULATIONS TO THE CROP? 

Lygus migrating in the spring, moving in from adjacent riparian areas, or coming from 
recently cut alfalfa hay are thought to be very important. Once in blackeyes, lygus stay and 
reproduce. They also like lima beans and will stay in that crop as well. 

WHAT INSECTICIDES ARE EFFECTIVE? 

The effectiveness is questionable due to questions on efficacy/resistance, lack of residual 
control, and possibly coverage problems (applications are almost always by air):
 

dimethoate
 
acephate (Orthene)
 
methomyl (Lannate)
 
methyl parathion (Penncap-M)
 
esfenvalerate (Asana) (lygus are not on the label but worms and aphids are)
 

WHAT OTHER BIOLOGICAL OR CULTURAL OPTIONS ARE AVAILABLE? 

Nothing very practical is available to the blackeye grower. Leave uncut strips in alfalfa and 
hope for the best. 

I Tulare County Farm Advisor, University of Cali fomi a Cooperative Extension. 
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IMPACT OF LYGUS ON CROPS -SEED ALFALFA
 

Shannon MuellerI
 

HOW ARE POPULATIONS OF LYGUS SAMPLED OR MONITORED?
 

Lygus populations are monitored using a sweep net. Typically, the average number oflygus 
from two to five 1800 sweeps at each of 5-1 0 locations in a field is used to make decisions 
regarding control. Lygus nymphs and adults are counted equally, but growers track 
developmental stages to time insecticide applications when hatch is complete and most of the 
lygus are in the 1-3 instar stages. 

WHAT ARE THE ECONOMIC THRESHOLDS? 

Early season: 4-6 lygus/sweep Many PCAs and growers 
During bloom & seed set: 8-10 lygus/sweep } think these thresholds are 
During seed maturation: 10-15 lygus/sweep too high 

HOW IMPORTANT ARE EXTERNAL LYGUS POPULATIONS TO THE CROP? 

External populations are very important. Lygus populations move into seed alfalfa throughout 
the growing season (March through August) from riparian areas and surrounding cropland. They 
damage alfalfa buds, blooms and developing seeds. 

WHAT INSECTICIDES ARE EFFECTIVE? 

Prior to or after bees are placed in the field, growers use Monitor or Supracide to clean up lygus 
populations. 

During bloom and seed set, Capture+Thiodan probably provides the most effective control of 
lygus. Another pyrethroid, Warrior, was recently registered and provides good control. 

Temik has been used with variable success early season. Dibrom offers a quick knockdown with 
little residual control. Metasystox-R controls immature lygus, but timing is critical. Lorsban has 
moderate selectivity and moderate residual activity. Furadan is also used in the Pacific 
Northwest for lygus control. 

WHAT OTHER BIOLOGICAL OR CULTURAL OPTIONS ARE AVAILABLE? 

In most commercial production situations, alternatives to insecticides are not effective. 
Occasionally, big-eyed bugs and damsel bugs provide some suppression in the Pacific 
Northwest. Peristenus spp. may become an important biological control option as research 
continues to show that native populations exist in sufficient numbers to impact lygus. 

I Fresno County Farm Advisor, University of Califomia Cooperative Extension. 
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IMPACT OF LYGUS ON CROPS - COOL WEATHER VEGETABLES 

William Chaneyl 

HOW ARE POPULATIONS OF LYGUS SAMPLED OR MONITORED? 

WHAT ARE THE ECONOMIC THRESHOLDS? 

HOW IMPORTANT ARE EXTERNAL LYGUS POPULATIONS TO THE CROP? 

WHAT INSECTICIDES ARE EFFECTIVE? 

WHAT OTHER BIOLOGICAL OR CULTURAL OPTIONS ARE AVAILABLE? 

1 Monterey County Farm Advisor, University of California Cooperative Extension. 
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IMPACT OF LYGUS ON CROPS - STRAWBERRY
 

Frank G. Zalom 1
 

HOW ARE POPULATIONS OF LYGUS SAMPLED OR MONITORED? 

Lygus are monitored using a beating tray or a suction machine. There is a degree-day model that 
can be used to time treatments to nymphal peaks. 

WHAT ARE THE ECONOMIC THRESHOLDS? 

1 Lygus per 20 plants using beating tray 
1 Lygus per 10 plants using a suction machine (A-vac or D-vac) 

HOW IMPORTANT ARE EXTERNAL LYGUS POPULATIONS TO THE CROP? 

Very Important: On annual plantings, Lygus populations result from migration from external 
hosts. 

WHAT INSECTICIDES ARE EFFECTIVE? 

Bifenthrin and fenpropathrin are most effective. Methomyl is effect in most areas. Malathion is 
effective in some areas, but resistance is widespread. Naled is somewhat effective in some areas. 

WHAT OTHER BIOLOGICAL OR CULTURAL OPTIONS ARE AVAILABLE? 

Parasitoids are available for augmentation, but do not produce a great enough level of parasitism 
in most situations to provide economic control. Cultural alternatives include vacuum machines 
and especially mowing or destruction of non-crop hosts near fields in spring before nymphs 
become adults. 

I Director, Statewide IPM Project, University of California. 
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IMPACT OF LYGUS ON CROPS - PEARS AND APPLES 

P. W. Weddle1 

HOW ARE POPULATIONS OF LYGUS SAMPLED OR MONITORED?
 

1.	 Know the surrounding environs 
2.	 After the fruit has formed in the spring sample groundcovers. Use sweep net for most 

efficient evaluation 
3.	 Sweep orchard perimeters 
4.	 Be especially vigilant during protracted heat waves 
5.	 100 fruit samples after fruit formation. Initially sample along orchard borders or 

adjacent to known hot spots 
6.	 25-100 sweeps of ground covers 

1.	 internal 
11. perimeter
 
lll. adjacent environs
 

WHAT ARE THE ECONOMIC THRESHOLDS? 

1.	 Economic thresholds are not clearly defined in western pome fruit 
2.	 In 100 fruit sample, 1 or more damaged fruit may require treatment (UC IPM
 

Guidelines)
 
3.	 1 lygus per sweep in 25 to 100 sweep samples (WH&A, Inc. practice) 

HOW IMPORTANT ARE EXTERNAL LYGUS POPULATIONS TO THE CROP? 

1.	 External populations are the primary source of infestation, thus, are extremely
 
important
 

WHAT INSECTICIDES ARE IMPORTANT? 

1.	 Dimethoate is most widely used for both residual and knockdown control.
 
Disruptive to natural enemies
 

2.	 Carzol (formetanate hydrochloride) is a good knockdown material. Highly
 
disruptive to natural enemies
 

3.	 Thiodan (endosulfan) is effective but highly restricted in CA 

Other registered pesticides not commonly used: 
A.	 diazinon - This insecticide is not used for true bug control as more effective 

materials are available. 

1 Weedle, Hansen & Associates, Inc. 
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B.	 oxamyl - This carbamate has not been extensively tested against true bug 
pests in the orchard. 

c.	 esfenvalerate and permethrin - These pyrethroid insecticides are effective 
against true bugs but are not used in western pears or apples since they are 

•	 highly toxic to predatory mites and their use may result in outbreaks of spider 
mites. 

D.	 imidacloprid - This neo-nicatinoid insecticide may have significant activity 
against the true bug complex but further testing is needed. 

WHAT OTHER BIOLOGICAL OR CULTURAL OPTIONS ARE AVAILABLE? 

1.	 Border treatments 
2.	 Vegetation management 
3.	 Trap crops 
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INSECTICIDE RESISTANCE TRENDS 
IN SAN JOAQUIN VALLEY LYGUS BUG 

Beth Grafton-Cardwell), Julie Christiansen, Becky Striggow, and Greg Montez and 
Bill Brindley2 • 

Abstract 
Insecticide resistance in Lygus bugs infesting alfalfa that was planted next to cotton was 
studied for five years using a treated-plastic bag bioassay method. Resistance to the 
pyrethroid Capture is of concern because it appears to be intensifying in both hay and 
seed alfalfa. Resistances to the organophosphates, carbamates, and chloronicotinyl tested 
are more likely to be manageable if use of these insecticides is limited because resistance 
is low and/or is less stable than pyrethroid resistance. New. more selective insecticides 
are clearly needed for Lygus bug control. 

Keywords: Lygus bug, insecticide, resistance, pyrethroid, organophosphate, carbamate, 
chloronicotiny1, alfalfa, cotton. 

Introduction 
The picture of Lygus bug (Lygus hesperus) resistance in San Joaquin Valley cotton is
 
complicated by the fact that Lygus bugs infest a number of crops. In addition, the
 
insecticides applied for other pests, such as cotton aphid and alfalfa weevil, also select for
 
resistance in Lygus bugs. Lygus bug is a key pest in cotton fields as foothill vegetation
 
dries and as neighboring alfalfa fields are harvested (Goodell 1998). San Joaquin Valley
 
populations of Lygus bugs have had a long history of organochlorine, organophosphate,
 
and carbamate insecticide exposure (more than 30 years). More recently (since the early
 
1990s) they have also been treated with the pyrethroid, Capture.
 

Between 1985 and 1995, pesticide use increased from 1.5 applications to as many as 6
 
applications per season for combined cotton pests and yields were very low in 1995. At
 
first, insecticide resistance in cotton aphids was blamed for the escalation of pesticide
 
use. However, insecticide resistance wasn't the only reason that cotton aphids became a
 
problem. In the early 1990s, San Joaquin Valley growers began to plant higher yielding
 
varieties of cotton. Increasing amounts of nitrogen and irrigation helped create an
 
environment that caused aphids to grow and reproduce faster (Godfrey et al. 1999).
 
Cotton aphids, which had previously been an early season or late season pest problem
 
became a serious mid-season pest, thus escalating pesticide use.
 

Another factor escalating pesticide use was the introduction of early season applications
 
of the pyrethroid Capture for both cotton aphid and Lygus bug control. Cotton aphid
 

I Department of Entomology, UC Riverside, stationed at the Kearney Agricultural Center,
 
9240 S. Riverbend Ave., Parlier, CA 93648. Published in Proceedings, Lygus Summit,
 
28 November, 2000. Visalia, CA, University of CA Division of Agriculture and Natural
 
Resources.
 
2 Department of Biology, Utah State University, Logan UT 84322.
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developed resistance to Capture rapidly, and by 1995, it was no longer effective for 
controlling aphids (Grafton-Cardwell and Goodell 1996). Resistance to Capture in Lygus 
was also detected in 1996, however, it was not as severe (Grafton-Cardwell et al. 1997) 
or as stable (Knabke and Staetz 1997) as Capture resistance in cotton aphids. Because 
the pyrethroids gave longer residual control than other insecticides, growers continued to 
use pyrethroids for Lygus control in spite of resistance. When pyrethroids are used for 
early season Lygus control, insecticide use for secondary pests such as cotton aphids, 
spider mites, and various Lepidoptera escalates (Godfrey et al. 1998). This is because 
pyrethroids are toxic to the natural enemies that control these pests and because they 
cause Capture-resistant aphids to reproduce faster. 

In response to the extremely heavy broad-spectrum pesticide use and low yields 
experienced in 1995, University of California Extension personnel held a cotton industry 
workshop to review the pest situation. One outcome of this review was a series of 
insecticide resistance management guidelines that emphasized the preservation of natural 
enemies by avoiding early season broad-spectrum insecticides and the careful rotation of 
insecticide chemistries (Goodell et al. 1999). 

In this article, we report on the pesticide use patterns and pest resistance of Lygus bugs 
during 1993-2000, the period just prior to and following implementation of the resistance 
management guidelines. 

Procedures 
We were not able to test all of the insecticides registered for Lygus bug control, and so 
we chose insecticides from major chemical classes. Insecticide resistance bioassays for 
Lygus bugs were prepared by treating plastic ziploc bags with 5 J..d technical grade 
insecticide in acetone. We tested the pyrethroid Capture, the organophosphate 
Metasystox-R, the carbamate Lannate, and the chloronicotinyl Provado. The bags were 
kept frozen till used. Lygus mortality was assessed after 8 hours. We expected to observe 
greater than 80% mean mortality of individuals placed in these dishes if the population 
was susceptible to the pesticide. We collected the Lygus bugs using a sweep net from 
cotton fields and alfalfa neighboring cotton in order to obtain enough individuals for 
bioassays. Collections were made in the early season (June) and the fields were 
resampled in July/August if Lygus bugs were available. Pesticide use data was obtained 
from the California Department of Pesticide Regulation for 1990-1999 and summarized 
for Merced, Madera, Fresno, Kings, Tulare and Kern counties. Estimates of pest 
densities were obtained from the Cotton Insect Losses summary for the National Cotton 
Council (Williams 1991-2000). 

Results 
Insecticide use for Lygus, cotton aphid, and other miscellaneous pests between 1990
1999 in the San Joaquin Valley is illustrated in Figure 1. ThiodaniPhaser use reached a 
peak in 1993, organophosphate and pyrethroid use peaked in 1995, carbamate use peaked 
in 1998 (primarily Temik), and Provado use was initiated in 1995. In 1995, when 
organophosphate and pyrethroid use was at its highest, pesticides were not very effective 
in controlling cotton aphid or spider mites. The resistance monitoring program was 
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initiated the following year (1996) in response to concerns that resistance was the cause 
of the aphid and mite problems. 

• 
Figure I. 

Insecticides Used (x 1000 Ibs) 

- Thiodan .....- Pl"DVado -*- P~n:throids --6-- OPs - Calb:rnates 

in San Joaquin Valley Cotton 

In 1997. Lygus bugs were found to be fairly susceptible to Capture (61 to 100% 
mortality) at the beginning of the season before insecticides were applied in either hay or 
seed alfalfa (Fig. 2 & 3). Resistance was observed to increase after Capture was applied 
to seed alfalfa in June-July. At that time, pyrethroids were not registered for hay alfalfa 
and it was thought that resistance could be managed by limiting Capture to a single 
application in seed alfalfa and cotton per year. However, resistance to Capture in Lygus 
bugs, averaged over the entire season, increased from 40-60% of sites in 1996-97 to 
~80% of populations tested in 1998-2000 (Fig. 4). 
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Although pyrethroid use declined in cotton after 1995, use in alfalfa has dramatically 
increased (Fig. 5). Recent registration of pyrethroids for alfalfa weevil control and other 
pests of hay alfalfa greatly escalated pyrethroid use. Thus, hay alfalfa is no longer a 
source of pyrethroid-susceptible Lygus bugs for interbreeding with Lygus from seed 
alfalfa and cotton. 
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We found that Lygus bugs collected from hay alfalfa in 2000 (Fig. 6) were less 
susceptible in both the early season (21-100% mortality) and the late season (0-100% 
mortality) compared to 1997 (Fig. 2). The situation was even more extreme for seed 
alfalfa (Fig. 7) where pyrethroid exposure has occurred over a greater number of years. 
In seed alfalfa, all late season populations exhibited <20% mortality of Capture in the 
bioassay. If pyrethroid use in alfalfa continues at its current rate, we are likely to see 
Capture resistance in Lygus continue to intensify until it will no longer effectively control 
L us at an time of the season. 

Yr 2000 
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Resistance of Lygus bugs to the organophosphate Metasystox-R seemed to fluctuate as 
use fluctuated, but recently is on the increase (Fig. 8). Cotton growers find that Capture 
has greater efficacy and residuality than the organophosphates for Lygus bug control, in 
spite of the greater frequency of resistance to Capture that we are able to detect in the 
bioassays. Resistance of Lygus bugs to the carbamate Lannate has only been 
documented for three years, but seems to fluctuate from year to year (Fig. 9). 
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Provado resistance in Lygus bugs was tested for the first time in 2000 and a low 
percentage of populations with resistance (16%) were found. 

Conclusions 
Pesticide bioassays were useful for detecting trends in Lygus bug resistance to major 
groups of insecticides. The data indicate that pyrethroid resistance in Lygus is quite high 
and intensifying, suggesting that pyrethroid usefulness may be approaching an end. In 
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ISSUES SURROUNDING RESISTANCE AND NEW CHEMICAL PROSPECTS 

Norman A. Siaden and James J. Knabke l 

ABSTRACT 

With the shift to high yielding, high quality crop production, insecticide use became a stabilizing 
factor by assuring dependable and profitable yields. Tolerance of insects to insecticide use is a 
concurrent and natural selection process. Insecticide susceptibility is a resource that must be 
preserved and can be accomplished by the implementation of practical insecticide resistance 
management, IRM. strategies within integrated pest management, IPM, under the umbrella of 
sound agronomic and ecological practices. 

IRM strategies include but are not limited to managing beneficials, monitoring pests focusing on 
economic thresholds, good application practices in regard to rate, timing and coverage, 
alternation of insecticide classes and the preservation of refugia to provide a susceptible gene 
pool. 

Tolerance of Lygus hesperus Knight to pyrethroids has been identified in the San Joaquin Valley 
of California. Lygus data are reviewed and lygus susceptibility was reflective of the pyrethroid 
use histories of individual fields. Tolerance may be amendable by restricting the frequency of 
lygus exposure and identifying and maintaining alternate host crop refugia to preserve lygus with 
susceptible genes. A comprehensive practical IRM strategy needs to be considered for the San 
Joaquin Valley. 

The success of IRM strategies depends upon managing pests throughout a mixed crop 
community, communication of the status of pest tolerance and the need to preserve the 
susceptible gene pool and the cooperation and commitment from the entire involved community. 

OVERVIEW 

With the shift from minimum input agriculture to high yielding, high quality crop production, 
agriculture became increasingly dependent upon borrowed capital. Insecticide use thus became a 
stabilizing factor in crop production by assuring dependable and profitable yields. This led to an 
insecticide-use treadmill which resulted in the loss of insecticides, due to resistance, at the rate of 
one insecticide class per 10 years of use (Phillips et al., 1989). 

INorman A. Sladen, Market and Regulatory Support, FMC Corporation, Pleasant Hill CA and 
James J. Knabke, Market Development, FMC Corporation, Clovis CA. Published in 
Proceedings, Lygus Summit, 28 November, 2000. Visalia, CA, University of CA Division of 
Agriculture and Natural Resources. 
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In the late 1960s, the concepts of indirect and direct methods of insect control were merged into 
..	 a philosophy of Integrated Pest Management or IPM. IPM is resource management under an 

umbrella of sound agronomic and ecological practices. Insecticide resistance management, or 
IRM, is a component of integrated pest management and at has the goal of forestalling resistance 
development to all insecticides. IRM has been championed worldwide by the Pyrethroid 
Working Group, PEG, and the Insecticide Resistance Action Committee, IRAC, represented by 
practically all the pyrethroid and chemical manufactures, respectively (Phillips et aI., 1989).. 

Insecticide susceptibility is a resource that must be preserved and given every consideration in 
our insecticide selection strategy. Resistance is the loss of this resource and is the result of a 
selection process for genetic variants present in the population. Resistance, as defined by IRAC, 
is a heritable characteristic that permits an insect to survive exposure to a full field rate of a 
properly applied insecticide. 

Resistant insects possess a mechanism or mechanisms, which permits them to survive exposure 
to normally toxic levels of an insecticide. These mechanisms include but are not limited to 
metabolic detoxification. reduced sensitivity at the site of action, reduced penetration, and 
behavioral modification. Some mechanisms are more amenable to resistance management while 
other are more intractable. or difficult to manage, which impacts the IRM strategy to maintain or 
regain susceptibility. 

FMC Corporation's global experience indicates selection pressure for increasing insect tolerance 
has been related to failure to incorporate sound agronomic practices into crop protection 
programs, inadequate coverage, improper application timing, use of less than recommended rates 
and continuous use of a single compound or class of chemistry. Insect exposure to a single class 
of chemistry is related to rate, application frequency and residuality of the chemistry. 

When first introduced in the late 1970s, the pyrethroids as a class of insecticides were heralded 
as "miracle" insecticides or the "silver bullet" of insecticides. Due to their cost effectiveness on 
a broad range of insects, by the mid 1980s they accounted for approximately 25 percent of all 
insecticides used in agriculture and public health and 50 percent of the world cotton insecticide 
market (Riley, 1989; Watkinson, 1989). Overuse of the pyrethroids led to reports of resistance in 
heliothine species in 1983 in Australia with reports of resistance soon following from other 
countries (Phillips et aI., 1989). 

AUSTRALIAN IRM EXPERIENCE 

Australia introduced an IRM strategy focusing on cotton in the 1983-1984 crop season. The 
objectives were (1) to manage the use of pyrethroids and endosulfan against Helicoverpa 
armigera to mitigate resistance and (2) avoid potential future problems with insect resistance to 
organophosphate and carbamate insecticides. Strategies adopted included rotation of alternate 
chemistries on a per generation basis along with a strong recommendation for the use of ovicidal 
mixtures. These strategies were incorporated into an IPM program tied to agronomic 
management. The key aspect of the program was voluntary limitation of pyrethroid applications 
within a "window" to all crops susceptible to Helicoverpa armigera. The window of application 
was a specific time period across all crops. The Australians recognized that the application of 
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pyrethroids or endosulfan on "secondary" crops (on which Helicoverpa armigera was not the 
primary target insect) could lead to coincidental selection of Helicoverpa armigera which would 
subsequently impact their susceptibility in cotton. This has been a successful tactic for delaying 
pyrethroid resistance. The strategy was based on limiting the frequency of exposure of 
Helicoverpa armigera while providing a large refugia of host crops to maintain a susceptible 
gene pool for sustained dilution of the resistant populations. This can be described as a self 
regulating resistance management program for a polyphagous, highly mobile species. However, 
as refugia became increasingly contaminated, the effectiveness as a dilution source declined 
resulting in generally increasing pyrethroid resistance levels in all areas over time (Forrester et 
af., 1993). 

LYGUS TOLERANCE TO PYRETHROIDS IN THE SAN JOAQUIN VALLEY 

Bifenthrin was first registered for use in California in 1991. Since then its primary use has been 
on cotton and seed alfalfa for the control of Lygus hesperus. It initially demonstrated high 
knockdown with good residual activity. In 1995 there were reports that bifenthrin applications 
were providing less than anticipated lygus control in some areas in the San Joaquin Valley. 
Although bifenthrin provided good knockdown of lygus populations, anecdotal reports of 
reduced residual control surfaced which may have been indicative of declining pest 
susceptibility. Monitoring of susceptibility by Mueller from 1991 through 1998 (1999) 
comparing early season lygus populations to late season populations following at least one, and 
in many cases two, bifenthrin applications indicated an increase in the LCso value of two to four 
fold within any season. Mueller further monitored one field following three applications of 
Capture where the LCso value increased approximately 10 fold the typical early season level. 
Early season pre-treatment values tended to remain fairly constant throughout the 1990s 
suggesting tolerance dilution by susceptible immigrants. However, in 1996 populations 
appeared to exhibit tolerance more rapidly, following a single application of bifenthrin, than in 
previous years (Mueller 1999). 

Knabke and Staetz (1997, 1998) monitored lygus populations in the San Joaquin Valley during 
1996 and 1997, and found there could be large differences in lygus susceptibility to bifenthrin 
over rather short distances. These differences correlate to historical bifenthrin use within the 
immediate vicinity. They also found that alfalfa grown for hay, which historically has not 
received pyrethroid applications typically had very susceptible lygus populations. LCso values 
ranged from 0.1 to 0.8 Ilg per vial and LC90 values from 0.4 to 6.1 Ilg per vial (Table 1). The 
lower range of these results would represent base line value in the absence of historical 
pyrethroid treatments and are consistent with results from sampling in a low pyrethroid use area 
of the Imperial Valley in 1990 (Knabke and Staetz, 1991). 

Many acres of cotton and seed alfalfa have been treated with bifenthrin since registration in 1991 
with excellent control of lygus. The level of control obtained reportedly resulted in some users 
reducing the application rate and adding bifenthrin to every insecticide application to the field. 
Although it was generally difficult to collect sufficient lygus from cotton fields to conduct a 
complete evaluation, in a limited number of fields in 1996 sufficient lygus were collected for 
evaluation. Seed alfalfa was a good host crop for lygus and generally provided sufficient lygus 
for testing. Lygus adults collected from seed alfalfa and cotton during 1996 had LCso values 
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ranging from 0.1 to 8.1 ~g per vial and LC90 values from 1.0 to 35.1 ~g per vial (Table 1). These 
results suggest a variable pyrethroid use history in the individual fields sampled. 

It was also interesting to note that over-wintering lygus from weed hosts in proximity to high 
bifenthrin use seed alfalfa fields in the vicinity of San Joaquin were relatively tolerant (Table 1). 
This was in contrast to susceptible lygus populations on weeds from a pasture and fruit growing 
area in the vicinity of Clovis, with histories of low pyrethroid use, which was located within 25 
miles of the tolerant population. 

The mean percent moralities of Lygus hesperus collected from the aforementioned crop and 
evaluated in bifenthrin coated glass scintillation vials are presented in Table 2 (Knabke and 
Staetz, 1977). 

In 1996 Knabke and Staetz (1997) tested lygus susceptibility pre and post-bifenthrin application 
in three separate seed alfalfa fields. Pre-treatment LC so values ranged from 0.1 to 1.1 ~g per vial 
and LC90 values ranged from 1.3 to 4.3 ~g per vial. From other work (unpublished), these 
authors considered those lygus populations commercially susceptible. Lygus survivors evaluated 
two to 18 days after treatment demonstrated a higher level of tolerance to bifenthrin, with LCso 
values of 3.4 to 3.7 ~g per vial, and LC90 values of 15.3 to 19.3 ~g per vial. Subsequent 
sampling indicated a significant improvement in lygus susceptibility over time. The results are 
presented in Figures 1,2 and 3. One location, which was only monitored post-treatment, did not 
exhibit this trend through 47 days following a bifenthrin treatment (Figure 4). 

In 1997 an alternative pyrethroid, cyfluthrin, was applied to seed alfalfa with subsequent 
monitoring of the susceptibility cycle to bifenthrin. A similar tolerance cycle was observed 
suggesting cross resistance from pyrethroid to pyrethroid as would be expected since the 
pyrethroid class of chemistry share the basic core structure. These results are presented in Figure 
5. 

Subsequent monitoring in 1977 (Knabke and Staetz, 1998) confirmed that lygus in hay alfalfa 
fields were highly susceptible and lygus from seed alfalfa fields were more tolerant (Table 3). 
Also in 1997 monitoring of seed alfalfa showed that the number of bifenthrin applications 
negatively impacted lygus susceptibility as shown in Table 4. Lygus populations that did not 
receive a pyrethroid treatment prior to sampling were commercially susceptible, with LCso 
values of 0.6 to 1.6 ~g per vial, and LC90 values of 2.3 to 9. 7 ~g per vial. Populations that 
resided in the field following a single pyrethroid application would likely be a commercial 
performance problem if a second pyrethroid application was made, with LCso values of 1.9 to 4.5 
J.lg per vial, and LC90 values of 4.4 to 21.1 ~g per vial. Fields that had received two pyrethroid 
applications, bifenthrin followed by permethrin, had an increasing tolerance in the remaining 
population with LCso values of 6.8 to 12.8 J.lg per vial and LC90 values of 29.5 to 33.8 J.lg per 
vial. Commercial performance failures would be expected following a subsequent pyrethroid 
application to these fields and generally would be expressed as loss of residual control if not 
knockdown performance. 

These data indicated that the pyrethroid tolerance in lygus was, in general, amendable to an 
appropriate lygus IRM program. 
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Since 1996 the recommendation supported by FMC Corporation for bifenthrin, or any other 
pyrethroid, has been to use only one application of a pyrethroid per crop cycle encompassing 
both seed alfalfa and cotton in the same timing window. In addition, there should not be a 
pyrethroid application followed by another pyrethroid application, or back to back pyrethroid 
treatments, regardless of which pyrethroid is applied. The objective was to maintain a lygus 
population susceptible to pyrethroids. Commercial acceptance by growers and pest control 
advisors was generally positive as they recognized the consequences of multiple applications, 
however, the lack of available effective alternative treatments complicate the objective. 

A review of research reports, particularly those presented at recent Beltwide Cotton Conferences, 
do not indicate the presence of new chemistries on the horizon that will provide sufficient control 
of lygus to replace existing practices. The neonicotinoids, indoxacarb and fipronil are promising, 
however, will likely need to be incorporated into an IRM strategy to supplement existing 
practices. 

IRM STRATEGIES AND ISSUES 

Phillips et at. (1989) commented that "existing IRM strategies are extremely controversial in 
some sectors of the industry because we cannot document with a high degree of certainty how 
much the programs have actually achieved towards solving the problem nor how long the present 
successes will be maintained". The Australian strategy in place since 1983 is important to the 
history of IRM. Forrester et at. (1993) point out "this study attempts to redress the imbalance 
between the large body of theoretical information on the genetics, physiology and biochemistry 
of resistance and the lack of application of these in practical IRM. It is hoped that this study has 
been successful in this regard". 

Respectful of the core values of an IRM strategy including managing beneficials, monitoring 
pests focusing on economic thresholds, good application practices in regard to rate, timing and 
coverage and the alternation of insecticide classes. In addition the preservation of susceptible 
genes is paramount to IRM. 

Forrester et at. (1993) noted that as refugia became increasingly contaminated with tolerant 
individuals, pyrethroid tolerance in all areas increased over time. The preservation of pyrethroid 
susceptible lygus is a challenge in the San Joaquin Valley as additional pyrethroid and crop uses 
are approved, thus used, including hay alfalfa and vegetables. Applications for other pests could 
result in increased selection pressure on lygus even if it is an incidental pest in a given crop. 
IRM programs need to address total population dynamics in a mixed crop community. 

Communication is also important. Phillips et at. (1989) indicated that the criticism of IRM has 
probably been due to the failure to properly communicate to the producer and professional crop 
advisors the status of the pyrethroid resistance and the background information that was 
assembled to formulate the strategies. In addressing resistance management Leonard (2000), on 
the IRAC website, indicates that the traditional means of communicating via scientific and 
industrial publications was not effective and they are seeking means to improve communication 
particularly to growers and crop advisors. 
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Successful IRM is also dependent upon cooperation. Phillips et al. (1989) noted that "IRM will 
not succeed without total commitment from the insecticide industry, state and federal agencies, 
producers and, probably most important, the private agricultural consultant, who at present, 
particularly in the United States, plays a pivotal role in any control strategy that is developed and 
implemented". The Australian success was also attributed to similar cooperation dynamics, 
which was equal in importance to the science behind the strategy (Forrester et al. 1993). It 
should also be noted in the later case that "voluntary compliance" amongst the cooperating 
parties was a driving factor. 

DISCUSSION 

The results of the monitoring programs in the San Joaquin Valley of California confirm an 
increasing tolerance of Lygus hesperus to pyrethroids. The level of tolerance appeared to be 
related to individual field histories of pyrethroid applications. Multiple pyrethroid applications 
to a given field highlight the concern of increasing the level of tolerance in the residual 
population. Also of concern is the movement of the tolerant population to neighboring fields due 
to harvest or unattractive agronomic conditions. Commercial applications of pyrethroids to these 
migrant populations will probably result in less than expected product performance. 

Sampling procedures need to be established to determine and understand the tolerance cycle in 
relation to field and neighboring treatment histories. 

The tolerance cycle appears to be amendable to an IRM program when limiting pyrethroids to 
one application per crop cycle. This would allow for the immigration of susceptible lygus 
assisting in diluting the tolerant gene pool provided that an uncontaminated refugia was 
available. Hay alfalfa to date, appears to be an alternate host crop refugia to provide a 
susceptible gene pool for immigration to seed alfalfa and cotton. As current pyrethroid labels are 
expanded to include the registration of hay alfalfa and additional pyrethroids are registered, there 
is concern that this valuable refugia will become contaminated through incidental selection of 
lygus. The validity of this concern needs to be determined. 

Considering the similarities between the Australian and San Joaquin situation, recognizing that 
different insect species are involved, the main factors influencing the frequency of tolerance are 
likely the pyrethroid selection pressure and dilution of resistant genes by the immigration of 
susceptible insects from alternative host crop refugia. A comprehensive practical IRM strategy 
needs to be considered for the San Joaquin Valley. 

Communication of the status of lygus tolerance to pyrethroids and the need to preserve the 
susceptible gene pool refugia, particularly to the user groups, is considered of paramount 
importance to managing lygus. Success will only be achieved with the cooperation and 
commitment from the insecticide industry, research and extension personnel, grower groups and 
the professional crop advisors. 
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Table 1. Mean LC values* for adult lygus collected from various host plants in the SJV, 1996. 
(Knabke and Staetz 1997) 

I-tg per vial 
Host Observations LC50 Range LC90 Range 
Alfalfa hay 18 0.5 0.1 - 0.8 2.3 0.4 - 6.1 
Alfalfa seed 47 2.3 0.1-7.4 8.7 1.0-35.1 
Cotton 4 3.9 1.0-8.1 16.7 4.4 - 28.6 
Weeds San Joaquin 1 4.1 15.9 
Weeds Clovis 1 1.7 5.8 
"Mortality data are based on J-hour exposure to bifenlhrin in coaled 20-ml glass scintillation vials. Analyses were based on five rates with 25 to 
50 Iygus per rate, data were corrected for check mortality with Abbott's formula. 

Table 2. Mean 3 hour percent mortality of Lygus hesperus collected from the crops indicated in 
bifenthrin coated 20 ml glass scintillation vials, 1996. (Knabke and Staetz 1997) 

Percent Lygus hesperus mortality 
I-tg per vial Alfalfa hay Alfalfa seed Cotton Weeds 
30.0 99.8 99.4 97.4 100.0 
10.0 98.1 88.7 75.3 86.0 
3.0 94.0 70.0 61.0 56.0 
1.0 77.0 33.0 34.0 30.0 
0.3 38.9 8.9 13.3 3.0-'----------- --------------------------- 
LC90 I-tg/vial 2.3 8.7 16.7 10.8 

._---------------------------------- 

Table 3. Mean LC values* for adult lygus collected from hay and seed alfalfa in the SJV, 1997. 
(Knabke and Staetz 1998) 

I-tg per vial 
Host Observations LC50 Range LC90 Range 
Alfalfa hay 13 0.9 0.4 - 1.5 3.7 1.1 - 6.1 
Alfalfa seed 16 4.1 0.6-11.1 16.1 3.1 - 44.1 
"Mortality data are based on J-Ilour exposure to bifenthrin in coated 20-ml glass scintillation vials. Analyses were based on five rates with 25 to 
50 Iygus per rate, data were corrected for check mortality with Abbott's formula. 

Table 4. Mean LC values* for adult lygus collected from seed alfalfa near Corcoran, CA, after 
the fields received the number of treatments indicated,1997. (Knabke and Staetz 1998) 

I-tg per vial 
N0 Treatments Observations LC50 Range LC90 Range 

o 5 1.2 0.6 - 1.6 5.6 2.3  9.7 
1 12 3.0 1.9-4.5 9.7 4.4 - 21.1 
2 2 9.8 6.8-12.8 31.7 29.5 - 33.8 

"Mortality data are based on J-hollr exposure to bifenthrin in coated 20-ml glass scintillation vials. Analyses were based on five rates with 25 to 
50 Iygus per rate, data were corrected for eheck mortality with Abbott's formula. 'One' treatment was always bifenthrin, 'two' treatments was 
bifenthrin followed by permethrin. 
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Figure 1. Change in bifenthrin susceptibility of a Lygus hesperus population at Kettleman City, 
CA following a Capture® application to seed alfalfa. (Knabke and Staetz 1997). 
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Figure 2. Change in bifenthrin susceptibility of a Lygus hesperus population at Stratford, CA 
following a Capture® application to seed alfalfa. (Knabke and Staetz 1997). 
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Figure 3. Change in bifcnthrin susceptibility of a Lygus hesperus population at Lanare, CA 
following a Capture® application to seed alfalfa. (Knabke and Staetz 1997). 
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Figure 4. Change in bifenthrin susceptibility of a Lygus hesperus population at Alpaugh, CA 
following a Capture® application to seed alfalfa. (Knabke and Staetz 1997). 
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BIOLOGICAL CONTROL OF LYGUS HESPERUS WITH INUNDATIVE
 
RELEASES OF ANAPHES IOLE IN A HIGH CASH VALUE CROP
 

Sujaya Udayagiri1
, Stephen C. Welter & Andrew P. Norton2 

ABSTRACT 

The western tarnished plant bug (WTPB) Lygus hesperus Knight is a major pest in strawberries 
on the central coast in California. Nymphs and adults feed on the fruits, and as a result, the fruits 
are distorted or 'cat-faced', and are not acceptable in the fresh market. We evaluated the potential 
for inundative biological control of WTPB with the native Anaphes iole Girault in strawberries on 
the central coast in California. Being a high cash value crop, inputs into strawberry production are 
high, and an expensive control strategy such as inundative biological control has a high likelihood 
of being adopted if the program is effective. We released 15,000 A. iole in acre-sized plots every 
week at three sites, and observed a 64 % suppression of WTPB. In comparison, with the 
application of insecticides, growers achieved 44.7 % reduction in WTPB. In a separate trial that 
was conducted at four sites the following year, we modified the release strategy and doubled the 
release frequency to determine if parasitism levels could be increased substantially. While we 
achieved 51.1 % reduction in WTPB with weekly releases, the semi-weekly released provided 
only an additional 9.5 % reduction. Given that earlier research has shown that plant-related factors 
affect the performance of A. iole in strawberries, further modification of release numbers or 
timings are not likely to increase the level of suppression. Since the release program appears to be 
provide 64 % or less suppression, we need to integrate inundative biological control of WTPB in 
strawberries with additional tactics aimed at reducing nymph densities. Integration with selective 
insecticides is an option if parasitoid release timings can be adjusted to reduce the negative impacts 
of insecticide residues. 

INTRODUCTION 

The native western tarnished plant bug (WTPB), Lygus hesperus Knight, is the most 
predominant and damaging species of WTPB in the Southwestern United States (Clancy and 
Pierce 1966). It is closely related to the tarnished plant bug (TPB), Lygus lineolaris Palisot de 
Beauvois, which is dominant in the east and the south. It is polyphagous and is reported to feed on 
117 non-crop and over 25 cultivated plants (Schwartz and Foottit 1998). The adults are often 
nomadic, moving from one plant to another as each plant species begins to flower (Fleischer and 
Gaylor 1987). Breeding host plants of the WTPB are primarily species of Asteraceae, 
Brassicaceae, Chenopodiaceae, Fabaceae and Polygonaceae (Scott 1977; Schwartz and Foottit 
1998). Among cultivated crops, WTPB is known primarily as a pest of cotton (Gossypium 
hirsutum L.; Malvaceae) and seed alfalfa (Medicago sativa L; Fabaceae) (Jones and Jackson 1990). 
It is, however, also a major pest in strawberries (Fragaria x ananassa Duchenese; family Rosaceae) 
in California (UCIPM 1994). 

In the central coastal regions of California, WTPB over-winters in diverse plant species 
including several that occur as weeds (Romney and Cassidy 1945, Clancy and Pierce 1966, 
UCIPM 1994). When the rains cease in late spring, adults disperse from senescing weeds to 
strawberries. Typically WTPB colonizes strawberries in early April, causes extensive damage to 
the fruits, and rapidly acquires pest status. Two generations develop between April and August in 
strawberries and hence short day, day neutral and second year strawberries are all susceptible to 

'Division of Insect Biology, University of California, 201 Wellman Hall, Berkeley CA 94720. 
Present Address: UC Cooperative Extension, Santa Cruz County, Watsonville, CA 95076 

2 Present Address: Department of Entomology, Cornell University, New York State 
Agricultural Experiment Station, Geneva, NY 14456 
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colonization by this important pest. The strawberry fruit is unusual in that it is an aggregate of 
several hundred achenes or one-seeded fruitiets around a fleshy receptacle (McGregor 1976). 
Feeding by WTPB on the achenes prevents growth of the fleshy receptacle and causes the fruits to 
be distorted or 'cat-faced' (Allen and Gaede 1963; UCIPM 1994). Strawberries do not appear to be 
a preferred host, and densities of WTPB are lower in strawberries compared with other crops such 
as alfalfa. However, damage caused by WTPB is very visible and the economic threshold is low 
since cat-faced fruits are not accepted in the fresh market. 

We are evaluating the potential for inundative biological control of WTPB in strawberries in 
the central coast in California. Inundative biological control programs tend to be expensive due to 
the high numbers of natural enemies that need to be released. However, the strawberry industry in 
California is one of the few industries that can support such programs. California accounts for 
more than 80% of fresh market and processed strawberries grown in the United States and almost 
half of California strawberries are produced on the central coast. The estimated annual value of 
California strawberries is over $700 million (CASS 2000). Not surprisingly, biological control is 
already an accepted and established pest management strategy in strawberries in California. For 
years, augmentative releases of the predatory mite, Phytoseiulus persimilis Athias-Henriot, have 
been made in California strawberries for suppressing populations of the two-spotted spider mite, 
Tetranychus urticae Koch (UCIPM 1994). 

The parasitoid with potential for use in an inundative biological control program for WTPB is 
the native Anaphes iole Girault. In the southwestern US, parasitism by A. iole has been observed 
on several native host plants (Romney and Cassidy 1945, Clancy and Pierce 1966, Jackson and 
Graham 1983, Graham et al. 1986, Gordon et al. 1987). It attacks the eggs of WTPB and hence 
has the advantage that is can suppress the pest before damage can occur by nymphs feeding on the 
fruits. To determine the potential for use of A. iole for biological control of WTPB in strawberries, 
an initial cage study was conducted (Norton et al. 1992). When A. iole were exposed to strawberry 
plants infested with WTPB eggs, parasitism levels of up to 80% were observed. Subsequently, in 
a field study conducted in conventional strawberries (Norton and Welter 1996), a release rate of 
5000 A. iole / week / acre (0.4 ha) provided 19% WTPB suppression whereas a release rate of 
15,000/ week / acre provided a 43 % reduction in WTPB. In the present study we repeated the 
field trial, and compared the impact of the parasitoid release with that of standard insecticide 
control. In a separate trial conducted the following year we modified the release strategy and 
doubled the frequency of release while maintaining the same release rate to determine if increasing 
the release frequency would be beneficial for enhancing WTPB suppression. 

A second trial was conducted to determine whether an increase in release frequency would 
result in an increase in WTPB suppression. Norton and Welter (1996) observed that parasitism 
rates that averaged 60% for the first 48 hours after release dropped to less than 5% after 96 hours, 
and were indistinguishable from non-release control plots. Potential explanations for this 
observation might be either that the parasitoids are dispersing from the plots or field, or the 
parasitoids may have a short longevity under field conditions. If significant parasitism by A. iole 
only occurs during the first 3 days, a change in release frequency might be beneficial. Increasing 
release frequency from once a week to twice a week, but at half of the original release rate, would 
functionally maintain the major cost of parasitoid purchase at the original rate, but would increase 
the effective temporal coverage by the parasitoid. 

In this paper we present results of the parasitoid release strategies that we evaluated for WTPB 
suppression on the central coast in California. We review possible limitations in parasitoid 
performance in strawberries and the potential for integrating inundative A. iole releases with 
insecticide applications for enhancing suppression of WTPB in strawberries. 
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MATERIALS AND METHODS
 

Inundative biological control of WTPB with A. iole was evaluated in conventional fields of 
strawberries on the central coast in California. Since WTPB eggs are inserted in strawberry 
tissues, direct estimation of egg parasitism after A. iole release was not possible. The impact of the 
inundative releases was hence detennined by comparing densities of early instars of WTPB in 
parasitoid release and non-release areas using protocols described by Norton and Welter (1996). 

In the first trial, the following three treatments were compared: 
1. Control: no release of parasitoids; no insecticide sprays for WTPB control. 
2.	 Conventional: no parasitoid releases but application of insecticides by growers 

following the appearance of WTPB nymphs in the field. 
3. Weekly-Release: release of Anaphes @ 15,000 per acre per week. 

The experiment was replicated at five sites using a randomized block design. At each site, 
acre-sized plots were assigned to one of the above three treatments while blocking for site effects. 
The plots were separated by at least 150 m to minimize the effect of parasitoid movement between 
plots. One site was located in Salinas, one in Prunedale and three in Watsonville, CA. At all sites 
an annual planting system was used and day-neutral varieties were planted. Plantings were made in 
late fall of the previous year and fruiting commenced in March-April. At Salinas, Prunedale, and 
one site in Watsonville, the fields were planted with the cultivar 'Selva' while at the second site in 
Watsonville the cultivar planted was 'Commander'. 

In treatment and control plots fungicides were sprayed for control of powdery mildew, gray 
mold, common leaf spot or anthracnose. The Bug-vac, which is a large vacuum device designed to 
physically remove WTPB (Zalom et al. 1993), was used at the Salinas site and one site in 
Watsonville but vacuuming was always done prior to release of the parasitoids. Insecticides for 
WTPB control were applied in conventional plots. 

In a second trial conducted the following year an additional Semiweekly-Release strategy was 
evaluated. The original three treatments described above were used as well. In the Semiweekly
Release plots, the parasitoid release rate was maintained at 15,000 / acre / week but the release 
frequency was doubled. As such, 7,500 adult A. iole were released twice a week with an interval 
of 3-4 days. The experiment was conducted at 4 different sites, one in Salinas, one in Prunedale 
and two in Watsonville. 'Selva' strawberries were planted at the sites in Salinas and Prunedale, 
while 'Camarosa' was planted at one site in Watsonville and 'Swede' at the second site in 
Watsonville. As before, there was one one-acre (0.4 ha) replicate for each treatment at each of the 
four sites resulting in a total of 16 plots. 

Anaphes iole used in the study were obtained from the commercial insectary Biotactics, Inc. 
(Perris, CA), where they were reared on WTPB using the protocols developed by Patana & Debolt 
(1985) and Jones & Jackson (1990). Parasitoids were received as adults and maintained at 12°C 
before release. In the first trial, fifteen vials (5.2 x 2.5 cm) containing ca. 1000 parasitoids each 
(over 90% estimated to be females) were distributed at random locations in each Weekly-Release 
plot every week. Each vial was placed in the shade at the base of a plant, supported by the petioles 
with the opening of the vial pointed upwards. In the first trial, parasitoid releases were made from 
the beginning of April till the end of August. In the second trial, the additional treatment consisted 
of 7 vials containing 1000 and one vial containing 500 parasitoids being distributed in the plots 
twice a week with an interval of 3-4 days in the Semiweekly-Release plots. Therefore, the total 
number of Anaphes released every week was kept constant at 15,000 in both the Weekly-Release 
and Semiweekly-Release plots, but the duration between releases were different. Anaphes releases 
were made on a weekly basis from the first week of April for eight weeks. Subsequently, there 
was a decline in production of Anaphes, and adequate numbers were not available for continuing 
the releases. Hence the experiment was suspended at all four sites. 
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Impacts of the parasitoid releases were determined by sampling for WTPB nymphs on a weekly 
basis. In each plot, at 10 random locations, 10 consecutive plants were beaten into a white pan and 
the numbers of I_2nd instars were recorded. First and second instars were used since these instars 
reflect the immediate effects of the parasitoid on egg hatch rates. In both trials sampling 
commenced during the first week in April and continued for 20 weeks in the first trial and for eight 
weeks in the second. 

To determine the impacts of the parasitoid releases, densities of I-2nd instar WTPB nymphs 
were compared across the plots in each trial. The assumptions of the parametric ANOVA were not 
met hence the data were analyzed using the nonparametric Friedman's test. The data within each 

block were assigned ranks and X" was calculated (Zar 1984). A multiple comparison analysis 
applicable to ranked data in a randomized block, similar to the Tukey multiple comparison test, was 

used to separate means that differed significantly at the (J. =0.05 level (Zar 1984). In the first trial, 
the experiment was suspended at two of the five sites in mid June since the fields were sprayed 
with insecticides. Data from these sites were not included in the analysis. 

RESULTS 

In the first trial, sampling commenced in April but for 8 weeks few WTPB adults were 
observed. WTPB nymphs started to appear in June and by mid July, an average of 0.42 nymphs / 
plant was observed in the Control plots (Fig. lA). When WTPB densities started to rise, the 
insecticides naled or malathion were sprayed in the Conventional plots. At two sites in 
Watsonville, over 1 WTPB nymph / plant was observed in mid July in the Control plots. Current 
recommendations for treatment thresholds of WTPB in strawberries are very low at 0.1 nymph per 
plant (UCIPM 1994). Due to the extensive damage caused to the frUits, insecticides were applied to 
the Control plots and the experiment was terminated at these two sites. At the remaining three sites, 

WTPB densities differed significantly across the treatments (X" < 0.001). There were more WTPB 
nymphs in the Control plots than in the Conventional and the Weekly-Release plots (Fig. IB). The 
Conventional and Weekly-Release plots did not differ in WTPB densities. Overall, there was 64 % 
reduction in WTPB nymph populations in the Weekly-Release plots compared to the Control plots 
while the Conventional plots had 44.7 % fewer WTPB compared with the Control plots. 

1stIn the second trial, adult WTPB was observed on April 9, instar nymphs were first 
observed on May 10 and thereafter populations increased rapidly (Fig. 2A). Analysis of the data 

indicated that WTPB densities differed significantly across the treatment (X" < 0.001). More 
WTPB were observed in the Control plots compared with the other three plots that did not differ 
from each other. Overall, in the Weekly-Release plots, there was 51.1 % reduction in WTPB 
nymphs compared to the Control plot (Fig 2B). In the Grower plots where the insecticides naled, 
malathion or fenpropathrin were sprayed for WTPB control, there was a 58.8 % reduction in 
WTPB nymphs compared to the Control plots. WTPB suppression in the Semiweekly-Release 
plots was 9.5 % higher than that achieved in the Weekly-Release plots. 

DISCUSSION 

Colonization of strawberries by WTPB in the first trial was unusual. Typically WTPB adults 
migrate in April and egg hatch occurs in May. This first generation is then followed by a second 
generation with a higher density compared with the first. In the first trial, adult WTPB first 
appeared in strawbenies in April but very few adults were recorded until June. During the trial we 
did not observe the typical first generation of WTPB in strawberries. We hypothesize that the 
extensive rain in that year kept the foliage of the surroundings weedy plant species suitable for 
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WTPB through spring. When the rains ceased and the weeds dried in late spring, WTPB migrated 
to strawberries. Therefore, the predicted immigration in the spring never really occurred to any 
great extent. This resulted in delayed colonization of strawberries with a single generation of 
WTPB. The following year during the second trial, the typical pattern of WTPB migration to 
strawberries in spring was observed. 

Due to the late migration of WTPB to strawberries during the first trial we expected to observe 
a reduction in the impact of inundative releases of A. iole. In the earlier field trial (Norton and 
Welter 1996), initial suppression of WTPB by A. iole during the first generation was considered to 
be beneficial for reduction of the pest during the second generation. However, in the present study, 
despite the absence of the first generation in the first trial, we observed significant reduction in 
WTPB densities with inundative releases of A. iole. WTPB densities in the Weekly-Release plots 
were comparable with densities in the Conventional plots where standard insecticide application 
procedures were followed. Densities of WTPB were moderate during this trial at three sites and 
this may have enhanced the impact of the parasitoid releases. At the remaining two sites where the 
experiment was suspended, WTPB densities were high. However it was not possible to evaluate 
the impact of A. iole releases under these high WTPB pressure situations at the two sites since 
entire fields, with all treatment and control plots, were sprayed with insecticides. 

Our results indicated that, by doubling the release rate, it was possible to enhance the level of 
WTPB suppression in strawberries. It may be possible to increase the release frequency even 
further. However, since doubling the release frequency resulted in only a 9.5 % improvement in 
WTPB suppression, benefits of further increases in the release frequency are likely to be limited. 
In addition, the increase in labor costs for placing the parasitoid into the field twice a week would 
make the program even more expensive. 

Instead of increasing the release frequency, one option would be to increase the release rate 
beyond 15,000/ acre / week. However, the benefits may be minimal if there are limitations to the 
performance of A. iole in strawberries compared with other plants on which high levels of 
parasitism of WTPB by A. iole have been observed. In a survey by Graham et al. (1986), mean 
monthly parasitism levels up to 100% were observed in certain plants such as guayule (Parthenium 
argentatum Gray), burro weed (Haplopappus sp.) and silverleaf nightshade (Solanum 
elaeagnijolium Cav.). It may not be possible to match parasitism levels observed on these plants if 
parasitoid performance is affected by factors associated with the strawberry plant. 

While host associated factors impact parasitoid searching and host location, parasitoids are also 
known to be influenced by various cues emanating from plants that are used by the parasitoid for 
host-habitat location (Rabb and Bradley 1968, Read et al. 1970, Price et al. 1980, Vinson 1981, 
Udayagiri and Jones 1992). Chemical and physical factors are involved in host recognition 
behavior by A. iole (Conti et al., 1996). Since WTPB eggs are inserted in plant tissue with only 
the operculum and a part of the egg visible above the plant surface, A. iole insert their ovipositor 
through plant tissue to access the egg chorion laterally under the operculum (Conti et al., 1997). 
Hence we can expect that plant structures in the vicinity of WTPB eggs will influence the 
performance of A. iole. 

In strawberries, WTPB lays eggs in various plant structures, but a greater majority (46.5 %) are 
laid in the fruit, between the achenes (seeds) in the fleshy receptacle, compared to other plant 
structures such as the peduncle (6.2%), calyx (3.7%), petiole (23.3%) or leaflet (20.3%) 
(Udayagiri and Welter 2000). Strawberry fruits have a complex external structure and hence the 
high level of oviposition observed on the fruits is unusual since on other plants such as alfalfa, 
cotton, beans (Phaseolus vulgaris L.) and london rocket (Sisymbrium trio L.), it lays its eggs on 
vegetative structures such as the stem, petiole and the peduncle or reproductive structures with 
simple external structures such as bean pods (Benedict et al. 1981, Graham and Jackson 1982, 
Alvarado-Rodriquez et al. 1986). The unusual host egg distribution pattern in strawberries has the 
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potential of having a great impact on parasitism by A. iole since host eggs on the fruit experience 
lower levels of parasitism compared with host eggs on other tissues. Structural refugia appear to be 
the basis for the differential parasitism, as the achenes on the fruits appear to hinder parasitoid 
access to host eggs (Udayagiri and Welter 2000). Fruits, especially those at early stages of 
development, provide refugia from parasitism by A. iole. Assuming that parasitism on the 
peduncle and the petiole are similar, that oviposition preference and searching by A. iole are 
random across various plant tissues, and that oviposition behavior remains relatively the same over 
time, the presence of the refugia can have a major impact on biological control of WTPB in 
strawberries due to the high numbers of eggs laid in the receptacle of the fruit (Fig. 3). The 
combination of higher egg laying rates on the fruit receptacle and the lower rates of observed 
parasitism suggests that the majority of eggs successfully producing WTPB nymphs in strawberry 
fields emerge from fruit tissue. Given this structural refugium, inundative efforts with A. iole may 
reach a maximal level of parasitism that is below levels that can be achieved on other host plants of 
WTPB. Cultivars with appropriate changes in fruit structure are needed for enhancing parasitism of 
WTPB by A. iole in strawberries. 

Given the potential for escape from parasitism by A. iole in strawberries, we need to integrate 
A. iole releases with other strategies for WTPB suppression in strawberries. One possibility is to 
use natural enemies in over-wintering weed host plants to reduce the numbers of adults colonizing 
strawberries. Several naturally occurring predators attack WTPB nymphs (UCIPM 1994) but 
provide minimal suppression of WTPB in strawberries. Earlier efforts to establish the nymph 
parasitoid Peristenus stygicus Loan in southern California met with limited success (Van Steenwyk 
and Stem 1977). One of the factors that could have been responsible for the low level of 
establishment was the difference in climatic conditions between the areas where the parasitoids 
were collected and those where releases were made. A more recent effort by Day (1996) indicated 
that P. digoneutis Loan has potential for suppression of the closely related TPB on the east coast. 
Further studies are needed to determine the impacts of Peristenus spp. collected from climatically 
appropriate areas in suppression of WTPB on the central coast in California. The hope is that 
limiting the rates of influx of WTPB from neighboring weedy species would increase the 
likelihood of adoption of selective programs that provide intermediate levels of suppression in 
strawberries such as augmentative releases of A. iole. 

Another possibility is to integrate A. iole releases with insecticide applications for suppression 
of WTPB nymphs that escape parasitism. A. iole releases would be initiated first after the 
appearance of WTPB adults in strawberries while insecticide applications would be made several 
weeks later when WTPB nymphs are observed in the fields, However, due to the extended egg 
laying period of WTPB females (Strong et al. 1970), WTPB eggs are present in strawberry fields 
even after the appearance of WTPB nymphs. This results in an overlap between the need for 
insecticide applications against nymphs and releases of A. iole, even though the two control 
strategies target different life stages of the pest. However, one advantage of inundative biological 
control is that there is a certain level of flexibility in parasitoid release timing and it may be possible 
to avoid periods of adverse insecticide residues. Hence, integration is possible if there is 
compatibility between insecticides used for WTPB control and A. iole. An earlier study indicated 
that residues of insecticides used for WTPB control in strawberries have negative impacts on 
survi vorship of A. iole (Udayagiri et al. 2000), but the residues vary in their duration of adverse 
effects. For integration, insecticides with the least toxic effects need to be used. After insecticide 
application, parasitoid releases need to be adjusted so as to reduce periods of strong negative 
effects from residues. Based on the toxicity curves that we developed (Fig. 4), integration is 
possible with insecticides such as naled, where initial toxicity is high but there is rapid decay. If 
methomyl or malathion is used, a longer period is needed between insecticide application and 
parasitoid release. Integration is difficult with insecticides such as the pyrethroids bifenthrin and 
fenpropathrin which have severe negati ve impacts since there is a limit beyond which the parasitoid 
releases cannot be delayed. 
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In summary, due to the high cash value per acre of strawberries, even low levels of damage 
may pay for various types of suppression programs, hence the current threshold of 0.1 WTPB 
nymphs per plant. However, while a high cash value crop may be able to support an inundative 
biological control program, it may also require an unusually high level of efficacy. Inundative 
biological control programs may provide reasonably high levels of parasitism (e.g. 64%), but these 
levels may not be adequate to provide commercially acceptable pest suppression. In strawberries, 
A. iole does provide some WTPB suppression, but parasitism levels are likely to be lower that that 
achieved on other host plants of WTPB. Additional empirical research using higher release rates, 
more release points, or more frequent releases are not expected to produce dramatically superior 
results. Understanding the limitations of biological control of WTPB with A. iole in strawberries 
suggests the need for focusing our efforts on integrating this program with alternative strategies. 
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Bars on the left represent percentage of WTPB eggs that are attacked or that escape parasitism by 
A. iole on a strawberry plant. Pie diagram on the right represents likely location of eggs that escape 
parasitism under the assumptions that A. iole locates and parasitizes eggs randomly on a 
strawberry plant, and that oviposition behavior remains relatively the same over time (see text) 
(Data from Udayagiri and Welter 2000). 
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Breeding for Host Plant Resistance to Lygus in Blackeye Cowpeas 

J. D. Ehlers and A. E. Hall 

Rationale for developing lygus resistant blackeyes 
Lygus causes devastating yield and quality losses in blackeyes in California. Increasing 

restrictions on the use of currently available insecticides, and the lack of new pest control 
products due to the high cost of registering new products on a relatively minor crop such as 
blackeyes, is driving the need for insect resistant blackeye varieties. Lygus resistant blackeyes 
would reduce, if not eliminate. the need for insecticide applications. In turn, less spraying of 
insecticides will help maintain predator/parasite activity and complement IPM approaches that 
may be developed to control this pest. 

An appreciation of the target insects' feeding behavior, and the larger agro-ecosystem of 
the crop in a regional context are important factors to consider in designing an effective breeding 
program for resistance to lygus in blackeyes. Early season infestations of lygus reduce the yield 
of cowpea by feeding on tloral buds causing them to abort. The extent of yield loss depends of 
the timing of the infestation, the stage of the crop, and the intensity and duration of the attack, 
and a cultivars' ability to recover. Late infestations of lygus bug damage pods and developing 
seeds causing seed or pod abortion, seed pitting or malformation. and superficial scarring to the 
seedcoat. Even superficial scarring of the seedcoat is important because it lowers the value of 
the grain. Lygus bug is also an important pest of cotton, alfalfa and other major crops grown in 
areas where cowpea is planted and adults are highly mobile and typically migrate into cowpea 
fields from surrounding crops that are maturing (drying) or that have been harvested. The fact 
that the pest is mobile and polyphagous and that blackeyes represent only a small fraction of the 
total host acreage, and therefore only a small portion of the potential food supply of this pest, 
suggests that a nonpreference type of resistance might be effective. The objective would be to 
change the relative preference from cowpea to other crops in the system, particularly to alfalfa 
hay crops where lygus damage does not effect economic yield or to non-food crops such as 
cotton, for which there are numerous insecticides available. Antibiosis type resistance could be a 
less effective form of resistance because the effect of suppression of lygus bug population only 
within the cowpea crop might be almost trivial compared to the amount of insect reproduction 
occurring in surrounding host crops. 

Approach 
Yielding ability and maintenance of high grain quality under lygus pressure are the 

ultimate criteria for judging resistance. Our approach has been to evaluate as many cowpea 
accessions as possible, so as to be able to identify the strongest possible source of lygus 
resistance that exists in the germplasm. A three-stage field evaluation procedure using specially 
designed nurseries that are not protected from lygus are used. 

J.D. Ehlers, Blackeye Breeder (Associate Research Specialist), and A.E. Hall, Professor of Crop 
Physiology, Dept. of Botany and Plant Sciences, University of California, Riverside, CA 92521
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Because lygus feeding damages young floral buds and developing seeds, ability to 
flower, set pods, and produce undamaged seeds are used as indices of resistance relative to the 
commercial check variety CB46. Such plant damage assessments, as opposed to assessments of 
lygus populations present on different accessions, are probably more relevant to yield and quality 
losses caused by lygus and certainly less costly to measure, especially on large numbers of 
acceSSIOns. 

Each year, initial evaluations are performed on many new germplasm accessions 
imported from Africa or other places and planted in the field with frequent 'check' plots of 
CB46. The second year, promising lines are planted in multiple-row replicated plots under 
unprotected conditions in the field and assessed again for ability to flower, set pods, and produce 
seeds with relatively little lygus damage. The third year, the most promising lines are planted in 
a replicated trial with lygus protected and unprotected plots. Lygus protected and unprotected 
grain yields, and the percentage loss in yield due to lygus are calculated and the percent seed 
damage for each accession is determined. 

Promising lygus resistant accessions have been crossed to California blackeyes, and 
resistant breeding lines developed through a three-stage screening procedure similar to that noted 
above for new germplasm coming into the program. One or more cycles of crossing to 
blackeyes and selection for lygus resistance and agronomic and seed quality traits will be 
necessary to develop a lygus resistant blackeye variety. 

Results in 1999 and 2000 
Protected vs. unprotected replicated yield trial 

We compared the grain yield and lygus-induced seed damage of CB46, 3 exotic African 
cowpea lines and 4 lines developed by our program from crosses between wild and cultivated 
cowpeas under both Temik protected and unprotected conditions at UC Riverside in 1999. The 
six lines were chosen based on their performance in similar trials or from unprotected screening 
nurseries conducted in 1998 at the Kearney Agricultural Center (Kearney). Lygus pressure at 
Riverside in 1999 was relatively light and lygus bug induced grain yield losses of CB46 were 
29% with 14% of grain of this variety having lygus damaged seed. Five of the six entries had 
significantly lower yield loss due to lygus than CB46, and all six entries had lower seed damage. 
This indicates progress is being made in identifying lygus resistant germplasm. IT92KD-370 
and 96-11-27 also had significantly less lygus-induced seed damage than CB46 in trials in 1998 
at Kearney and Riverside. An analysis of a similar trial conducted in 2000 at Kearney is not yet 
complete. 

Screening of breeding lines developed from blackeye x African cowpea hybrids 

In 1998, thirteen F3 breeding lines (out of 280) derived from crosses involving CB46 or 
CB27 and exotic African cowpea lines IT93K-273-2-L IT92KD-370, IT86D-716, IT93K-129, or 
IT93K-2046 had been observed to have high pod set scores in an unprotected lygus screening 
nursery at Kearney in 1997. Thirty-six single-plant selections were made from these lines and 
grown in an off-season nursery at the Coachella Valley Agricultural Research Station (CVARS) 
during the spring of 1999. Several selections were made within each line to give a total of 120 
Fs lines. The 120 Fs lines were evaluated in an unprotected, two replicate nurseries at Kearney 
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and Riverside in 1999. The nurseries had check rows of CB46 planted every fourth plot. 
Selections were made between and within F5 families based on agronomic type, seed quality, and 
podding intensity, and advanced in the greenhouse during the spring at UC Riverside. The 92 
selections were re-evaluated for lygus resistance in unprotected, replicated trials conducted in 
2000 at Kearney. Breeding lines 99-8-193,99-8-260-1,99-8-260-2,99-8-279, 99-8-280-1, 99-8
320, 99-8-321-2, and 99-K2-35-3 had podset scores significantly greater than CB46 and will be 
included in 'stage-three' unprotected/protected trials in 2001 to better quantify their resistance 
and determine the strongest possible source(s) oflygus resistance for breeding. 
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PULLING IT ALL TOGETHER: MANAGING LYGUS IN THE LANDSCAPE
 
Peter B. Goodell l
 

This summit has successfully drawn knowledgeable individuals from diverse crops such 
as alfalfa seed, cotton, strawberry, cool season crops, dry beans, and apples that are 
produced in widely separated western landscapes from Washington to Arizona. We have 
listen to experts describe lygus ecology in their cropping and ecological settings. We 
have heard extensively on the management of lygus using a wide variety of approaches. 
What draws all this diverse information together? 

The theme that lygus cannot be managed in isolation from its surroundings is the 
common thread through this entire conference. 

We have learned that lygus is well adapted to the western landscape. It thrives on native 
plants, on cultivated crops and introduced weeds. We know it builds through the year, 
moving from plants that become unsuitable to those that can provide habitat for the next 
generation. This movement into a farmer's field usually is not a result of his or her 
current management practices in that field. It is a threat external to the management of the 
recipient crop. 

We have learned that there is no "silver bullet" solution to lygus. No single insecticide, 
cultural technique, or biological approach will provide an economic and environmental 
satisfactory solution. 

However, today we have heard numerous speakers tell us that lygus is manageable. That 
one tactic or another strategy can reduce the population or prevent movement. That's the 
good news. The bad news is that no single farm or farmer can succeed without 
considering context of the large region surrounding his or her fields. Professor Vern 
Stern, the eminent entomologist from UC Riverside, recognized this fact in 1967 when he 
wrote: 

"The grower, faced with rising production costs at all levels must 
decide if he will rely completely on insecticides to fight Lygus and 
accept the financial burden or if he will look for another method of 
control. ...." 
"In attacking the Lygus problem, chemicals are used when 
absolutely necessary; but first a major change must be made in 
farm practices to keep Lygus out of cotton" 

Dr. Stem and his students made invaluable contributions to our understanding of lygus in 
a regional context (Stem, 1969). They realized that managing lygus on a large scale 
required understanding of the crops that acted as sources and which ones became sinks 

Ipeter B. Goodell, Regional IPM Advisor, Cooperative Extension, Statewide IPM 
Project, 9240 So Riverbend Ave, Parlier CA 93648. Published in Proceedings, Lygus 
Summit, 28 November 2000, Visalia CA, University of California, Division of 
Agricultural and Natural Resources. 

70 



for lygus. Managing these sources to prevent susceptible crops from becoming sinks 
required management of the habitat from which lygus originated or providing alternative, 
preferred habitats into which they can move. Some of their ideas included: 

•	 habitat diversification through the interplanting of alfalfa strips in a cotton field 
•	 habitat preservation in alfalfa hay by retaining uncut strips or staggering the 

harvest of large alfalfa fields 
•	 prevention of lygus movement from safflower by timing insecticides based on 

insect phenology. 

Interest in regional approaches is increasing in the management of plant bugs in general 
and lygus in particular. For example, as boll weevil is eradicated in the South and the 
Heliothine complex is controlled with transgenic cotton, plant bugs are becoming the key 
pest in their cotton systems. Area-wide management, so successful in taming boll weevil, 
is seriously being considered as a viable management approach for lygus. Key to this 
approach is the destruction of host plants that provide important habitat for lygus 
population development. 

Nordlund (in press) suggests that the tarnished plant bug (Lygus lineolaris) is a likely 
candidate for an area-wide program to suppress lygus populations in the South. Area
wide management moves the decision-making authority for the management of lygus 
from the individual farmer to a group authority, usually governmental or quasi
governmental (Knipling, 1978). Area-wide management is a coordinated and offensive 
strategy designed to reduce the pest population to easily managed numbers. Within the 
San Joaquin Valley, the Pink Bollworm Eradication Project and Whitefly Management 
Zones are examples akin to this concept. 

California, and especially the Central Valley, has a wide diversity of cultivated and wild 
plants. These provide lygus with multiple habitats, some being preferred over others. In 
non-host crops such as garlic and onions, annual weeds provide suitable hosts, allowing 
the field to act as a source for lygus. Thus, implementing a regulatory area-wide 
management for lygus may not be feasible. 

However, informal and community-based programs do show promise. For example, 
within the Tulare Lake bottom area of Kings County, farms will work together to time 
insecticide treatments on safflower (Sevacharian et aI, 1977), coordinating both timing 
and insecticide choice. This approach provides some uniformity in seeking to minimize 
the need for duplicate treatments in a field. 

Examples from the San Joaquin Valley 

In northwestern Fresno County, almond growers were unwittingly driving lygus into 
cotton fields through poor timing of their mowing of the orchard floor. Consultants and 
extension advisors facilitated meetings between cotton and almond growers to develop a 
strategy that limited the population development of lygus while not being onerous. By 
mowing alternate orchard middles more frequently in those orchards that bordered cotton, 
lygus hosts were limited in their growth and lygus population buildup was minimized. 
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The use of interplanting crops to draw lygus away from the primary crop has been 
proposed (Stern et aI, 1969). While this approach was used on large farms in the 1960's, 
it was abandoned shortly thereafter, primarily due to the incompatibility between cotton 
and alfalfa production. Other examples of trap cropping, utilize the primary crop as the 
trap. For example, Pima cotton (Gossypium barbadense) is considered more attractive to 
lygus than Acala cotton varieties (G. hirsutum). Large strips of Pima were interplanted 
within Acala fields to draw and concentrate lygus. The same idea is employed when 
strips within a cotton field were maintained in a more vigorous state of growth. These 
strips were considered more attractive to lygus and would concentrate the population. In 
both approaches, insecticides are focused on the trap area while the larger area of the 
field is left undisturbed. While only limited demonstration trials have been conducted to 
evaluate the performance of these approaches, practical experience indicates the results 
are of limited use. 

California blackeye beans (Vigna sinensis) have been demonstrated (Goodell and Eckert, 
1998) to be more attractive to lygus than cotton (Figure 1). The advantage of blackeye 
beans is their compatibility with cotton production. Beans can be sown with the same 
planters and at the same time as cotton. It is managed similarly and is not overly stressed 
when its irrigation schedule is dictated by cotton. The beans, planted on the edge of a 
cotton field, act as a buffer slowing the movement of lygus generally into the cotton field. 
Such a buffer strip could provide a killing zone in which lygus would be drawn and 
treated with insecticides. This approach would concentrate the lygus, reduce the overall 
amount of insecticides applied and preserve natural enemies on the majority of the cotton 
field. This concept was demonstrated on fields in the West Side of Fresno County with 
some success. The key problem was lygus movement into the field from many directions. 
If the buffer strip was encountered, lygus settled. However, lygus will not search for the 
buffer strips and there are practical limitations to the amount of acreage that can be 
committed to non-productive areas. There is a breakeven point between loss of yield (and 
profit) due to lygus damage and management and loss of yield due to reduction in cotton 
acreage to accommodate buffer or trap crops. 

In many areas of the Valley, alfalfa forage plays a key role in providing stable, preferred 
habitat for lygus. Modified harvesting patterns has been suggested for over 30 years as a 
strategy for maintaining habitat and reducing the movement of lygus from alfalfa to more 
susceptible crops, especially cotton. This technique was articulated by Van den Bosch 
and Stern (1969) and Stern et al (1967) but has not been accepted due to pragmatic 
management issues. Demonstration trials in 1998 and 1999 (Goodell et aI, 2000) have 
rekindled an interest in maintaining alfalfa as alternative habitat. There are two viable 
approaches; first leaving smaller, uncut strips in the field (Summers 1976) and second 
modifying the approach of Stern to ensure that vigorously growing alfalfa is available to 
absorb lygus displaced from harvested areas. 

Following up on the observations of Summers (1976) that smaller uncut alfalfa strips will 
retain lygus, on-farm demonstrations were initiated in 1998. These three demonstrations 
fields were bordering cotton fields. Two, three and eight strips were left uncut in three 
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fields representing 5%, 7%, and 18% of the total area. All three alfalfa fields retained 
lygus equally well. In contrasting the neighboring cotton to alfalfa strips, there was a 30
fold population difference in lygus density (Figure 2). In another demonstration, hand 
moved sprinkler lines were not removed prior to hay cutting, providing a four-foot wide 
strip of uncut alfalfa. This approach provided labor savings for the grower, while 
providing habitat throughout the field for lygus. 

While there are still questions concerning the minimal amount of uncut alfalfa that is 
required to hold sufficient lygus, general guidelines suggest leaving end strips and several 
strips through the field. It is not well understood how far lygus will travel to a strip or 
how much of the population remains in the field. Further studies utilizing mark and 
recapture methods (Hagler, 1992) are planned. 

The forage hay industry has expressed concern about the impact of quality when 28-day 
and 56-day (uncut strip from previous harvest) hay are mixed. Summers (1976) find no 
difference in quality but changes in variety since 1976 and current market pressures 
require that this concern be further examined. Experiments are underway to evaluate 
mixtures of old and new hay using both qualitative and quantitative measures. 

The concept of splitting hay fields and staggering harvests is a valid but an unacceptable 
approach for farmers. However, in many locations alfalfa is produced on sufficient 
acreage that existing harvest schedules may provide adequate habitat. For example, in the 
San Joaquin Valley, hay is cut on a 28-day cycle. In any given area, it could be estimated 
that 25% of the fields are harvested and curing, 25% are getting the first irrigation since 
cutting, 25% are vigorously growing and 25% are being prepared for harvest. Thus, about 
75% of the acreage in an area might be receptive to attracting and holding lygus. In 1998 
and 1999, large-scale, on-farm trials demonstrated that alfalfa could provide adequate 
habitat and be managed to avoid lygus movement into cotton (Goodell et aI, 2000). 
Cotton in close proximity to alfalfa resulted in lower lygus populations in those fields 
than in situations in which there was no alfalfa nearby (Figure 3). 

Regional management issues come into focus when questions about the relationships 
between crops need to be addressed. What proportion of an area is required for alfalfa to 
be effective sink for lygus rather than a source? What are the spatial relations between 
alfalfa and cotton? How close to each other do they have to be? How close do alfalfa 
fields have to be from each other? These questions require spatial analytical techniques 
such as those offered by geographical information systems (GIS) and ecological 
landscape integration tools (Berry et aI, 1998). Efforts are currently underway to 
investigate the usefulness of these landscape analysis approaches. 

Piecing it together 

The development of regional management strategies will not be easy. Successful 
programs have generally been imposed and involved some governmental or quasi
governmental organization to conduct the program. While lygus is a key pest in some 
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crops in most years, it does not represent the threat that exotic pest introductions often do. 
Thus, the driving need to organize and work together is not compelling. 

Since lygus does not threaten everyone in every year, what is the motivation to work 
together? Several factors actually encourage the development of community-based 
programs: 

1.	 farm economics are driving the search for ways to reduce cost; i.e. avoiding 
insecticide costs 

2.	 many of the cultural control techniques can be implemented and become almost 
transparent in the production practices 

3.	 multiple tactics will lead to a general decrease in population density while no 
tactic will solve the entire problem 

4.	 the entire area may not have to be committed; suppression and management of the 
population is the goal, not eradication 

Many of the approaches we have heard today fit into this community-based, regional 
management approach. Maintaining alfalfa habitat could provide pyrethroid-free refugia 
while providing release sites for parasitoid releases. Safflower could be another potential 
release site for natural enemies of lygus, thereby slowing the area-wide buildup of the 
population. Introduction of lygus resistant crops could not only reduce insecticide 
pressure on lygus populations, but could reduce the population development in an area. 
Introduction of specific genes into cover crop plants could provide population reduction 
while avoid issues associated with GMOs (genetic modified organisms) and human food 
supplies. 

A successful management program will result in the overall reduction in lygus 
population. This in tum should result in reduced movement into susceptible crops, fewer 
broad-spectrum insecticides required for lygus management, less secondary disruptions 
and improved stability in field and fruit crops. Such a program will have two pillars 
supporting it. The first is having adequate knowledge of lygus biology at the ecological 
landscape level and second is the willingness of the community to implement such a 
program. 

Literature Cited 

Berry, l.K., D.l. Buckley, and K. McGarigal. 1998. Integrating landscape structure with 
GIS. GIS'98 - April 6-9, 1998 - Toronto, Canada. 
http://www.innovativegis.com/papers/papers.html 

Goodell, P.B., S.D. Wright, and M.W.F. Carter. 2000. Managing western tarnished plant 
bug in a regional context. 2000 Proceedings of the Beltwide Cotton Production Research 
Conferences. Vo1.2:1123-1125. 

Goodell, P.B and l.W. Eckert. 1998. Using buffer crops to mitigate Lygus migration in 
San Joaquin Valley cotton. 1998 Proceedings of the Beltwide Cotton Production 
Research Conferences. Vol. 2: 1192-1194. 

74 



Hagler, J.R., A. Cohen, D. Bradley-Donlop, and F.J. Enriquez. 1992. New approach to 
mark insects for feeding and dispersal studies. Environmental Entomology. 21 :896-900. 

Knipling, E.F. 1979. The Basic Principles of Insect Population Suppression and 
Management. U.S. Department of Agriculture, Agricultural Handbook No. 512. 633 pp. 

Nordlund, D.A. (2000). The lygus problem. Papers from the Lygus Management 
Symposium, 73 rd Annual Meeting of the Southeastern Branch of the Entomological 
Society of America. Destin Florida, February 28 - March 3, 1999. (in press) 

Sevacherian, V., V. M. Stern, and A. J. Mueller. 1977. Heat accumulation for timing 
lygus control measures in a safflower-cotton complex. Journal of Economic Entomology 
70: 399-402. 

Stern, V.M. 1969. Interplanting alfalfa in cotton to control lygus bugs and other pests. 
Proceedings of the Tall Timber Conference on Ecological Animal Control by Habitat 
Management. No.1: 55-69. 

Stern, V.M., A. Mueller, V. Sevacharian, and M. Way. 1969. Lygus bug control in cotton 
through alfalfa interplanting. California Agriculture: 23(2): 8-10. 

Stern, V.R., R. Van den Bosch, T.F. Leigh, 0.0. McCutcheon, W.R. Sallee, C.E. 
Houston, and MJ. Garber. 1967. Lygus Control by Strip Cutting Alfalfa. UC Agricultural 
Extension Service. AXT-241. 13 pp. 

Summers, C.G. 1976. Population fluctuations of selected arthropod in alfalfa: influence 
of two harvesting practices. Environmental Entomology. 5: 1: 103-110. 

Van den Bosch, R. and V.M. Stern. 1969. The effect of harvesting practices on insect 
populations in alfalfa. Proceedings of the Tall Timber Conference on Ecological Animal 
Control by Habitat Management. No.1 :47-54. 

75
 



100 1 I-.------s-~n NYmPh~J 
90 tl.. .... Bean Adults I------=----------~ 

II) 80 W • Cotton Nymphs -~-f--------a. 70 I l:~_Cotton ~~_~_I!s i __ I _Q) ..__ i 

~ 
Q) 

60 +- --.----I--i--~II) 
Io 

Ll') 50 i 
II) -
~ 40 .~~-----~---- -.--~--- - --t 
OJ 

30 +---~--~----::.-
...J 
~ ------~------ .. ....-

.,." ,I . .--1--J--- -~- ------- ------ .. .. 
~'---- _.---- ------~~ - .. 

_______________----.J
I 

Figure 1. Lygus densities in adjacent, replicated small plots from blackeye beans and 
cotton. Kearney Research and Extension Center, 1996. 
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ABSTRACT: 

Lygus bugs (Order Hemiptera, suborder Heteroptera, family Miridae) are a serious pest of many 
agricultural crops, including alfalfa, beans, and cotton. The bugs feed on various plant tissues 
using piercing and sucking mouthparts. During penetration and feeding, saliva (containing 
many enzymes and amino acids) from the bug is injected into the target tissue in a "lacerate
and-flush" action. Damage is manifested in tissue necrosis, distortion and abscission of fruits, 
growth retardation, and discoloration. This damage is due to maceration by the salivary 
enzymes, principally polygalacturonase (PG). Producers of these crops currently treat 
extensively with insecticides to control these pests. Without either chemical or effective 
biological control (including genetic resistance), ly gus bug feeding will result in nearly total 
destruction of a crop. Lygus bugs readily develop resistance to agricultural chemicals, 
particularly organophosphates. Many of the remaining effective insecticides are 
organophosphates that are under review by the Environmental Protection Agency. Therefore, 
development of host plant resistance to the lygus bug is a priority. However, attempts to 
develop genetic resistance have not resulted in effective economic control of Lygus. We have 
recently verified that damage to bug feeding is associated with the PG in the bug's saliva. 
Furthermore, we have determined that PG inhibitor proteins, isolated from pear fruits by our 
group, inhibit crude preparations ofPG from Lygus hesperus. 

Back2.round 

Lygus bug feeding results in significant losses to many agricultural crops including legumes, 
cereals, cotton, fruits, vegetables, and canola (2; 4, 12; 13, 15). At the present time, without 
chemical control of Lygus bugs, crop destruction would be nearly complete. However, lygus 
bugs readily develop resistance to agricultural chemicals, particularly organophosphates. 
Mechanisms of resistance are related to both insensitivity of the bug's acetylcholinesterase and 
reversal of esterase poisoning. Both are likely to produce cross-resistance (16). For decades, 
attempts have been made to reduce crop damage from bug feeding by selecting for "resistant" 
phenotypes using several different approaches. 

Selection for LY2uS bU2 dama2e to alfalfa 2ermplasm 

Since the 1960' s, attempts have been made to reduce alfalfa bud and flower damage from Lygus 
bug feeding by developing "resistant" alfalfa cultivars. Much of this work was conducted in 
New Mexico by Dr. B. A. Melton and his graduate students. Their techniques involved 
selection either for absence of flower bud damage or absence from seedling damage in the field 
and lathhouse, respectively. Both selection techniques are based on the ability of individual 
plants to withstand damage from Lygus bug feeding. Unfortunately, evaluations of germplasm 
developed by these methods showed little genetic gain. No germplasm releases or successful 
cultivars resulted from this breeding effort. 

In the mid-1980's Dr. W. F. Lehman proposed modifying and comparing the techniques 
developed in New Mexico. Dr. Lehman passed away in 1989 after he and L. Gibbs had 
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completed two years of selection using only the flower bud technique. Dr. L. R. Teuber and L. 
Gibbs continued with this program beginning in 1990, using both flower bud and seedling 
techniques to evaluate half-sib progeny produced from some of the plants Dr. Lehman had 
selected for reduced Lygus damage. Our initial work was a test roughly equivalent to the New 
Mexico lathhouse technique, several check cultivars and germplasm selected in the New 
Mexico program were tested along with germplasm derived from Dr. Lehman's selections. The 
New Mexico germplasm had a significantly higher percentage of surviving seedlings in the 
lathhouse test than any of the half-sib progeny from Dr. Lehman's selections (which were based 
on the flower bud technique). However, using the flower bud technique, progeny of one of Dr. 
Lehman's selections performed very well and the New Mexico germplasm (selected based on 
the seedlings) did not do well. Although differences could be observed, these studies were 
often not repeatable and the coefficients of variability (measure of uncontrolled variation) were 
often greater than 65%. During the first three years of this research we conducted a number of 
experiments that resulted in many changes in both the lathhouse (now referred to the seedling 
test) and the flower bud technique to improve their repeatability (5, 11). Using the modified 
seedling technique, we reported that germplasm in the alfalfa core collection from South 
America, particularly Peru, was superior in its response to lygus bugs. We also reported that the 
correlation between the rank of families evaluated using both the flower bud and the seedling 
was not significant. Leaving concern about the utility of the techniques. 

Figure 1.	 Selection progress for lygus bug resistance in alfalfa using the seedling 
selection protocol, and projected number of selection cycles required to 
develop economic resistance. 
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provide any economic resistance. When lygus were controlled chemically this material also 
produced higher seed yields than the parental source, indicating that the selection protocol was 
effective. However, the rate of progress was much slower for lygus bug resistance. Than we 
feel is acceptable. This is partially because each selection cycle requires 2 years. Therefore, 
we initiated a more fundamental. 

CURRENT RESEARCH: 

For many years the general consensus was that feeding injury was the result of physical 
damage (l0). Strong (9,10) was the first to conclude that the principal cause of damage by bug 
feeding was not mechanical, but due to the chemical action of polygalacturonase (PG). Careful 
reexaminations (and confirmation) of Strong's studies were published during the late 1980s and 
early 1990s. The bugs probe and feed by exporting their salivary contents into the plant. The 
saliva associated with the "lacerate-and-flush" feeding process contains more than 38 enzymes 
and amino acids (6). Two of the most prevalent enzymes are PG and a-amylase. Both 
facilitate penetration of the plant tissues by the bug's stylets and are implicated in host plant 
injury through their effect on structural and nutritional plant components (1). Cohen and 
Wheeler (3) concluded, "there is maceration or cell wall destruction that appears to be caused 
directly by the saliva. The damage is clearly more extensive than could be accomplished by 
direct laceration by stylets. 

In a preliminary study using microinjection with a pressure probe (8), Shackel and Teuber 
(unpublished) injected three compounds (PG, sodium azide, and l-aminocyclopropane-l
carboxylic acid [ACC, the metabolic precursor to the gaseous plant hormone ethylene]) into 
the peduncle of alfalfa inflorescences. These compounds were selected based on the 
hypothesis that PG may induce bud necrosis and/or that ethylene production may be involved 
in the necrosis that is associated with feeding (ACC synthesis can be induced by PG). When 
observed 25 days after treatment, buds injected with PG showed aberrant development. They 
were straw-colored and incompletely developed - typical of lygus damage. Buds developing at 
the same time, but on untreated stems or on untreated plants showed no symptoms. Plants are 
known to contain proteins that are inhibitors ofPG (PGIPs). These can be readily isolated and 
screened for PG inhibition (7). Furthermore, in a subsequent experiment, Greve, Labavitch, 
Teuber (unpublished) demonstrated inhibition of a PG in protein extracts of Lygus hesperus by 
a pear PGIP (US patent #5,569,830 issued on October 29, 1996). We have subsequently 
determined the presence of a PGIP's in alfalfa, bean, and cotton. We believe that either the 
pear PGIP, or related PGIP's from these other species, has the potential of providing economic 
lygus bug control in cotton. We are currently working to develop a more complete 
characterization of the Lygus salivary contents and there impact on plant damage. A selection 
protocol is also being developed to permit screening on the basis of the inhibition of Lygus PG. 
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