Abstract

Henneberry, T.J., and R.M Faust, eds. 1999. Silverleaf
Whitefly: National Research, Action, and Technology
Transfer Plan, 1997-2001 (Formerly Sweetpotato Whitefly,
Strain B): Second Annual Review of the Second 5-Y ear
Plan, Held in Albuquerque, New Mexico, January
31-+February 2, 1999. U.S. Department of Agriculture,
1999-01, 195 pp.

To ensure timely distribution, this report was reproduced
essentially as supplied by the authors. It received no
publications editing and design. The authors' views are their
own and do not necessarily reflect those of the U.S.
Department of Agriculture.

Mention of trade names, commercial products, or companies
in this publication is solely for the purpose of providing
specific information and does not imply recommendation or
endorsement by the U.S. Department of Agriculture over
others not mentioned.

This publication reports research involving pesticides. It
does not contain recommendations for their use nor does not
imply that uses discussed here have been registered. All
uses of pesticides must be registered by appropriate state or
Federal agencies or both before they can be recommended.

While supplies last, single copies of this publication may be
obtained at no cost from Robert M. Faust, U.S. Department
of Agriculture, Agricultural Research Service, 5601
Sunnyside Avenue, Beltsville, MD 20705-5139.

Copies of this publication may be purchased from the
National Technical Information Service, 5285 Port Royal
Road, Springfield, VA 22161, telephone (703) 605-6000.

The United States Department of Agriculture (USDA)
prohibits discrimination in all its programs and activities on
the basis of race, color, national origin, gender, religion, age,
disability, political beliefs, sexua orientation, and marital or
familia status. (Not all prohibited bases apply to all
programs.) Persons with disabilities who require aternative
means for communication of program information (Braille,
large print, audiotape, etc.) should contact USDA’s
TARGET Center at 202—720-2600 (voice and TDD).

To file acomplaint, write USDA, Director, Office of Civil
Rights, Room 326-W, Whitten Building, 14" and
Independence Avenue, SW., Washington, DC 20250-9410,
or call 202-720-5964 (voice and TDD). USDA isan equa
opportunity provider and employer.

Issued June 1999



Contents

Editors Comments

Progress Review, Research, Action Plan, and Technology Transfer Organizational Team
Preface

Executive Summary

Introduction

Table 1. Numbers of Research Abstracts for the 1998 and 1999 Annual Progress Reviews of the
USDA Silverleaf Whitefly National Research, Action and Technology Transfer Plan

|. Plenary Session Keynote Address Summaries

Section A.—Jacquelyn L. Blackmer
Section B.—Jane E. Polston
Section C.—James R. Brazzle
Section D.—Juli Gould

Section E—Larry R. Teuber
Section F.—John C. Palumbo

II. Reportsof Research Progress

A. Biology, Ecology, and Population Dynamics
Research Abstracts
Research Summary
Table A.1 Summary of Research Progress 1997 Goals Statement
Table A.2 Summary of Research Progress 1998 Goals Statement

B. Viruses, Epidemiology, and Virus-Vector Interactions
Research Abstracts
Research Summary
Table B.1 Summary of Research Progress 1997 Goals Statement
Table B.2 Summary of Research Progress 1998 Goals Statement

C. Chemical Control, Biopesticides, Resistance Management, and Application Methods
Research Abstracts
Research Summary
Table C.1 Summary of Research Progress 1997 Goals Statement
Table C.2 Summary of Research Progress 1998 Goals Statement



D. Natural Enemy Ecology, and Biological Control
Research Abstracts
Research Summary
Table D.1 Summary of Research Progress 1997 Goals Statement
Table D.2 Summary of Research Progress 1998 Goals Statement

E. Host-Plant Resistance, Physiological Disorders, and Host-Plant I nteractions
Research Abstracts
Research Summary
Table E.1 Summary of Research Progress 1997 Goals Statement
Table E.2 Summary of Research Progress 1998 Goals Statement

F. Integrated and Areawide Pest M anagement Approaches, and Crop
M anagement Systems
Research Abstracts
Research Summary
Table F.1 Summary of Research Progress 1997 Goals Statement
Table F.2 Summary of Research Progress 1998 Goals Statement

Appendix A. Bibliography of Bemisiatabaci (Gennadius) & Bemisiaargentifolii
Bellows and Perring

Appendix B. Meeting Agenda

Appendix C. List of Registered Meeting Participants

Appendix D. Minutes of the Silverleaf Whitefly Working Group Meeting
Appendix E.  Minutes of the Program Planning Review Committee

Appendix F.  5-Year National Research and Action Plan Priority Tables, Research
Approaches, and Y early Goals: (1997-2001)



Editors Comments

Henneberry, T. J. and R. M. Faust (eds.) 1999 Silverleaf
Whitefly Supplement to the 5-Y ear National Research,
Action, and Technology Transfer Plan (1997-2001).
Albuguerque, NM, January 31-February 2, 1999.

This publication contains research, extension-education,
industry and action agency reports of progress
contributing to our knowledge of the whitefly complex
and to the development of ecologically acceptable
whitefly management systems. The multiagency
cooperative effort has, since 1992, provided aforum for
information exchange, complementary, coordinated and
cooperative research programs, avoidance of duplication
of effort, and optimum return for expended research
dollars. Theresult of the joint partnerships has been
solutions and technology transfer to the stakeholdersin
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Preface

The Silverleaf Whitefly (SLWF), Bemisia argentifolii
Bellows and Perring, National Research, Action, and
Technology Transfer Plan (1997-2002) outlines a
coordinated, cooperative program involving federal and
state agencies, universities, and the agricultural industry.
Research needs, goal's and objectives, and technology
transfer to clientele (scientific community, legislators,
regulators, the agricultural industry, and the public) are
reviewed on an annual basis. The planisflexible alowing
responsiveness to changing needs and priorities with
appropriate adjustments to terminate, redirect, or add
priorities based on funding, current knowledge, and program
needs. The program goals are the development of
environmentally and socially acceptable areawide,
community-based silverleaf whitefly management.

USDA agencies (ARS, APHIS, and CSREES), state agencies,
state agricultural experimental stations, and the cotton,
vegetable, ornamental, nursery crop and chemical industries
participated in development of the plan to promote research,
establish priorities, avoid duplication of effort, and maximize
the use of existing resources.

The USDA Silverleaf Whitefly Research, Education, and
Implementation Coordinating Group coordinates USDA
interagency activities and partner state agricultural
experiment stations activities. The Silverleaf Whitefly
Working Group is composed of members of participating
agencies and meets annually to maintain communication
with the USDA Coordinating Group and the Silverleaf
Whitefly Program Planning and Review Committee.

T. J. Henneberry
USDA-ARS, Western Cotton Research Laboratory
Phoenix, AZ

R. M. Faust
USDA-ARS-NPS
Beltsville, MD

Executive Summary

The devastating impact of Bemisia during the 1990’'s on
field and vegetabl e crop production and the ornamental’ s
industry resulted in crop losses exceeding 200 million dollars
annually, losses in farm jobs, and losses also occurred in
associated farm support, marketing, storage and shipping
industries. The principle statesimpacted in field production,
athough sporadic infestations occurred in other states,

were California, Arizona, Texas and Florida and for the
greenhouse and nursery crops states along the Atlantic
seaboard, Midwest and California. This emergency
situation created the need for a coordinated, cooperative,
multiagency approach to devel op effective control and
whitefly management methodology. Thefirst 5-year
national research and action plan was active from 1992 to
1996. Following itstermination, a second 5-year was

initiated to cover the period from 1997 to 2001. Extensive
research achievements have provided interim solutions
and a better understanding of the SLW problem.
Effective controls have been developed on most major
crops and losses reduced. Technology transfer to
growers and the scientific community has resulted in
greatly improved, more efficient and environmentally
acceptable whitefly management methodology. The
priority research areas of the current plan are: (A)
biology, ecology, and population dynamics; (B) viruses,
epidemiology, and virus-vector interactions; (C) chemical
control, biopesticides, resistance management, and
application methods; (D) natural enemy ecology and
biological control; (E) host plant resistance,
physiological disorders, and host-plant interactions; and
(F) integrated and areawide pest management
approaches, and crop management systems.

A complete management system for silverleaf whitefly is
agoal for the future, but at present, it isin the formative
stages. Extensive fundamental, ecological, and
biological research on the silverleaf whitefly and its
natural enemies has revealed potential components for
incorporation into an ecol ogically-based management
system. Farm practices, such as water-use patterns,
proximity of alternate host crops, and spatial
considerations, are being implemented to achieve
whitefly population reduction. Knowledge of the
complex host interrel ationships among cultivated crops,
crop growing sequences, and urban community hosts
has focused awareness that the entire farm community
must concern itself with population suppression
programs. The mechanismsinvolved in the complex
interaction of host plants and silverleaf whitefly
population dynamics are largely unknown.

Although insecticides alone or in combination have been
found to provide adequate control on mgjor cultivated
crops, insecticide resistance management is a particularly
important factor that must be addressed. Development
of biological and other nonchemical control, disease and
silverleaf whitefly resistant plant types, and an

expansion of our current knowledge of whitefly and
natural enemy taxonomy, physiology, biochemistry, and
genetics are essential to development of long-term
management systems.

Introduction

The SLWF continues to be a serious economic problem
in the United States. Control is heavily dependent on
the use of insecticides alone or insecticide mixtures. The
associated environmental and social problems aswell as
the occurrence of insecticide resistance have been
anticipated and ameliorated somewhat by the use of
action thresholds and insecticide-resistant management
(IRM) programs. Adult and immature SPW sampling
methods and action thresholds have been devel oped

and validated for cotton and melonsin the field and for



greenhouse crops which are particularly helpful in the
decision-making process for control. This approach has
reduced insecticide use, cost of production, and
development of insecticide resistance while maintaining
crop yields. Resistance monitoring is accomplished with
yellow sticky card vial and leaf dip bioassay techniques. A
hydroponic bioassay system has been devel oped for
systemic insecticides. SLWF insecticide-resistance levels
differ in different geographic locations and with different
insecticides. Thereissome level of resistance to
organophosphates, pyrethroid, carbamate, and chlorinated
hydrocarbon insecticides at various |ocations within the
United States but chemical control and IRM have been
highly effective on a short-term basis. New chemistry such
as the insect growth regulators, provide additional options
in IRM programs and may delay or reduce resistance to
conventional chemistries. In Florida, the introduction of
imidaclorprid, a chloronicotynyl systemic insecticide, for
control on vegetables has had a major impact on reducing
whitefly populationsin Florida. Experience has taught the
entomological community that the probability of continuing
long-term insecticide based management efficacy is remote.
Thus, extensive effort is being made to devel op management
systems that incorporate cultural, biological, and
nonchemica methods into chemical control-IRM-based
control methods. Results have shown that these integrated
systems are most effective when implemented as community
action efforts.

The types of crop grown and temporal and spatial
relationships with other crops are considerations in whitefly
population dynamics. The extensive numbers of weed,
ornamental, nursery stock and cultivated crop-host-plants
provide nutritional and reproductive host continuity and
population growth biomass. At present strategies for
utilizing SLWF dispersal in management is limited.
However, growers have developed an awareness of the
importance of crop sequencing, wind direction, SLWF
dispersal, and the proximity of host crops when establishing
new plantings. Equally important in this respect has been
strict adherence to early harvests of all SLWF host crops
and destruction and plowdown of crop residues. In areas,
where applicable, growers and urban community residents
have participated in destruction of weed hosts to reduce
another source of migrating SLWF. Although, these efforts
have not been quantified in relation to effects on SLWF
populations, they represent good farm practice and growers
have been encouraged to implement them.

Crop production inputs have measurable influence on
SLWF population dynamics. For example, higher SPW
populations occur in water-stressed cotton and water
management to avoid stress implemented in cotton
production. Row covers and other insect exclusion and
reflective type materials for repelling SLWF have been
adopted and are partially effective in some cropping
systems.

Biological control and varietal plant resistance are
expected to play an important role in long-term
management of SLWF populations. High levels of
indigenous natural enemy activity have been identified
in cotton, vegetable, and peanut ecosystems, suggesting
that natural enemy augmentation and conservation
approaches may be important avenues for exploitation in
SLWF management in the future. Foreign explorations
have resulted in collection of numerous exotic parasite
and predator species that are being considered as
potential biocontrol agents. Release of some exotic
parasitoid species have been accomplished with variable
results. Monitoring is continuing to identify and verify
establishment and impact on SLWF populations.

SLWF plant resistance in several crop types has been
identified, aswell as for tomato mottle and other
diseases. Resistant germplasm has been identified in
afafa, peanut, melon, cotton, broccoali, collard and
tomato. The hirsute leaf character has been recognized
to support higher whitefly populations than smooth-leaf
types and verified by many scientists. Host plant
preferences for melons, cotton, broccoli and lettuce
appear related to the amount of vascular tissue per unit
of leaf area and the proximity of vascular bundles to |eaf
surfaces. Also, leaf surface morphology has been
shown to play an important role in SLWF nymph
establishment. Studies on plant-insect interactions,
physiological disorders and mechanisms of resistance
and modes of action for whitefly and disease resistance
provide leads for scientists for identifying resistant
germplasm for incorporation into agronomic types.

Extension and education activities have played essential
roles in implementation of SLWF management.
Integration of risk assessment information, spatial
analysis, geographic information systems,
communications networking, ecological modeling, and
extension programs are continually improving our efforts
to provide current and timely information to producers
for implementation.

The goal of integrating chemical control resistance
management, crop sequencing and host-free periods,
crop residue and weed destruction, SLWF population
and plant disease monitoring, and other cultural controls
and management optionsis considered a high priority for
implementation. Research of the current 5-year plan
focuses heavily on these issues and technology transfer.

! The “5-Y ear National Research and Action Plan for
Development of Management and Control Methodol ogy
for the Silverleaf Whitefly (formerly, sweetpotato
whitefly, Strain B)” wasinitiated in 1992 and terminated
in December 1996.



Table1l. Numbersof Research Abstractsfor the 1998-1999 Silverleaf Whitefly Annual Progress Review of the

USDA Silverleaf Whitefly National Resear ch, Action and Technology Transfer Plan (1997-2001).

Research Priorities®

Agency’/State A B C D E F Total
1998 Review, Charleston, SC

APHIS 11 13

ARS 12 6 13 6 1 38

AZ 1 2 3

CA 1 1 7 5 6 3 23

FL 1 1 1 3

GA 1 1

NY

OH

TX 2 2

OTHERS 3 1 1 1 6

TOTAL 17 2 14 32 15 9 89
1999 Review, Albugquerque, NM

APHIS 3 6 9

AR 16 3 6 4 29

AZ 1 3 4 8

CA 1 1 5 5 6 18

FL 1 1

GA

NY

OH

X 1 4 5 10

OTHERS 5 1 1 3 3 2 15

TOTAL 24 5 17 23 9 12 90

& A = Biology, Ecology, and Population Dynamics; B = Viruses, Epidemiology and Virus-Vector Interactions;
C = Chemical Control, Biopesticides, Resistance Management, and Application Methods; D = Natural Enemy
Ecology, and Biological Control; E = Host-Plant Resistance, Physiological Disorders, and Host Plant Interactions;

F = Integrated and Areawide Pest Management Approaches, and Crop Management Systems.

® APHIS = USDA, Animal and Plant Health Inspection Service; ARS = USDA, Agricultural Research Service.



I. Plenary Session Keynote Address Summaries:
Section A: Plenary Session Summary

Jacquelyn L. Blackmer! & David N. Byrne?

USDA-ARS, Western Cotton Research Lab, Phoenix,
AZ; 2University of Arizona, Tucson, AZ

Developmental and Behavior al Effects of Dietary
Constituents on Bemisia tabaci

It isgenerally believed that nitrogen is the limiting factor for
phloem-feeding insects. Not only isit present in low
concentrations, but the ratio of essential: nonessential

amino acidsis unbalanced. Despite these apparent
obstacles, phloem-feeding insects have adapted to this
niche and arein fact quite successful. Whiteflies, aphids
and scale insects are considered to be some of our most
important agricultural and horticultural pests. Various
morphological or physiological modifications (i.e., gut
modifications and bacterial symbionts), aswell as
considerable behavioral flexibility (i.e., compensatory
feeding, creation of nutrient sinks, ability to migrate) arein
part responsible for their success. For Bemisia tabaci

reared on Euphorbia pulcherrima, host quality significantly
affected survivorship, adult weight, and flight behavior. For
senescent compared to vegetative hosts, survivorship and
adult weight were significantly reduced and long-duration
flights were restricted to the first few days after emergence.
These types of responses were examined in much greater
detail in Cucumis melo with respect to fluctuations in amino
acids. During a 12-wk study, 23 amino acids were detected,
but these varied over time. For most essential amino acids
(“rat 10"), there were two peaks observed, an initial large
peak from wk 1-4, and a smaller peak associated with
senescence during wk 10 and 11. For histidine, ornithine
and citrulline, one large peak was observed from wk 5-8.
Arginine peaked during the first few weeks and was no
longer detectable after wk 7. Serine and glutamine/ glutamic
acid were the only amino acids that peaked during visible
senescence. We hypothesized that these different trendsin
amino acids were, at least in part, responsible for observed
differencesin life-history traits and flight behavior.

Multiple regressions were used to test the influence of
amino acids on life-history traits of B. tabaci. However, to
eliminate difficulties due to high intercorrelations among
certain amino acids, a factor analysis using the principal
extraction technigue and varimax rotation was first
performed. Factor analysis created a reduced number of
orthogonal factors that, for the most part, corresponded to
the trends that were observed for the various groups of
amino acids. Factor 1 was comprised of the essential amino
acids, with the exception of

histidine and methionine. Factor 2 was comprised of
glutamine/glutamic acid and serine. Factor 3 was
predominantly histidine and ornithine; citrulline
separated out as factor 5. Factor 4 was comprised of
methionine and alanine, and factor 6 was comprised
principally of aspartic acid. These 6 factors explained
86% of the variance among the amino acids. No single or
combination of factors explained a significant amount of
the variability in oviposition. For both male and female
whiteflies, factor 1 was the single most important factor
for explaining the variability in weights (R>=0.25, P <
0.005; R°=0.57, P < 0.005, respectively). As
concentrations of essential amino acids decreased, so
did weights. Factors 1 and 3 were the most important
factors influencing development time (R°=0.54, P <
0.005). Asthese amino acidsincreased in relative
concentration, developmental time decreased. Percent
emergence was positively associated with factor 1 and
negatively associated with factor 6 (R>=0.28, P < 0.005).
These analyses reveal relationships among variables, but
do not imply causality. However, arecently developed
feeding chamber and artificial diet for whiteflies, will
allow usto begin to test hypotheses originating from
this exploratory approach.

In the context of these studies, flight behavior also was
examine, and athough long-distance fliers were present
throughout the 12 week study, the frequency of long-
distance flights significantly increased during the last
three weeks (X?=30.2, P < 0.001). Additionally, through
paired comparisons of leaves with and without
developing whiteflies, we were able to demonstrate that
whiteflies create a nutrient sink through aggregative
feeding. Total amino acids as well as several individual
amino acids (Cys, lle, Leu, Tyr, Phe, Gaba, Orn, Lys, His,
Arg) were significantly elevated in leaves that contained
an average of 40.4 + 4.2 developing nymphs (P < 0.05).
Once flowering and fruit initiation began, however, no
significant differences were detectabl e between |eaves
with or without whiteflies.

Section B: Plenary Session Summary
Jane E. Polston

University of Florida, Gulf Coast Res. and Educ. Ctr.,
Bradenton, FL

The Appearance of Tomato Yellow Leaf Curl Virus
(Geminiviridae, Begomovirus) in Florida

Tomato yellow leaf curl virus (TYLCV-Is) isawhitefly-
transmitted geminivirus first described from Israel. This
virus has caused economically significant yield lossesin
tomato in the eastern Mediterranean for many years.
Much time and expense have been devoted to
developing strategies for its management. For a
geminivirus, the host



range is broad, and includes both crop, ornamental and
weed species, however tomato is the crop which is most
often afflicted. Symptoms appear in tomato several weeks
after inoculation and include severe stunting, marked
reduction in leaf size, upward curling and chlorosis of |eaf
margins, mottling of leaves, and high rates of flower
abscission.

In the early 1990's symptoms characteristic of TYLCV-Is
were observed in Cuba, the Dominican Republic, and
Jamaica(1, 2, 3, 4, 5). These symptoms were shown to be
caused by avirus with a genomic sequence nearly identical
to that of TYLCV-Is. Itisnot known how this virus came to
be in Cuba and Jamaica, but in the Dominican Republicitis
believed that the virus was introduced on transplants which
had been purchased in the eastern Mediterranean for fruit
production in greenhouses in northwestern Dominican
Republic.

In July 1997 symptoms characteristic of TYLCV-Iswere
observed on one tomato plant in afield in Collier Co. and
several tomato plantsin aretail garden center in Sarasota
Co. FL (7). Amplification with three sets of primers,
restriction analysis of amplified fragments, and hybridization
with aclone of TYLCV-Isindicated that TYLCV-Iswas
present in symptomatic plants. The sequence of a 1300 bp
amplified fragment was 99% identical to TYLCV-Isfrom the
Dominican Republic and 98% identical to an isolate from
Israel (Gene Bank Acc. No. X15656). It appears that the
virus entered the U.S. in Dade Co. Floridain late 1996 or
early 1997, infected tomato plants in production for retail
salein at least two Dade Co. greenhouses, and was rapidly
distributed viaretail garden centers around the state.

Infected plants were purchased by homeowners and in some
cases the virus appeared to move from home gardens to
nearby commercial nurseries and production fields.

Regulatory procedures as well as field management
practices were implemented within weeks of identificationin
Florida to minimize the movement and incidence of this
virus. Initial incidences of TYLCV-Iswerelow in most of the
state (except Dade Co.) during the 1997-98 production
season. Incidences throughout the state were significantly
higher in the 1998-99 production season. Yield losses were
experienced by some growers, and most growers are
experiencing increases in production costs due to new
practicesto manage TYLCV-Is. Almost al growers are
using imidacloprid in both transplants and field plants, in
addition to multiple inspections to rogue infected-looking
plants from fields. Pesticide applications to minimize
whitefly populations have increased. New regulations have
been imposed on transplant producers of known TYLCV-Is
host plants, including lisianthus (Eustoma grandiflorum),
tobacco (Nicotiana tabacum) and tomato, to minimize the
occurrence of TYLCV-Isin certified transplants.

Section C: Plenary Session Summary
J. R. Brazzle!, N. Toscano? and P. Goodel I

1 University of CA Cooperative Ext., Kern County, CA
2 University of CA, Riverside, CA
3 University of CA, IPM, Parlier, CA

Implementing a resistance management program for
Bemisia argentifolii: Building the necessary bridges

Summarized by T. J. Henneberry

Dr. Brazzle suggested that successful management of
silverleaf whitefly in the San Joaquin Valley is dependent
upon IPM, resistance management and hard work.
Chemical tools [particularly the use of the insect growth
regulators (IGRs)] are an integral part of the whitefly
management program. The efficacy of these products
depends upon a good scouting program, use of the

action thresholds and judicious application of each tool.
A high quality program includes cultural management
techniques tailored on aregional basis. Inthe SV ahigh
premium should be placed on host plant sanitation,
cotton management and intensive scouting to assist in
good decision making.

Section D: Plenary Session Summary
Juli Gould.
USDA-APHIS, Phoenix Plant Protection Center.

Evaluating the impact of whitefly natural enemies
established during the classical biological control
program

Classical biological control has been avery successful
strategy for several species of non-native pest whiteflies.
The impact of the released natural enemies on the target
pest has been well documented. Designing

methodol ogies to evaluate the impact of released
parasitoids against Bemisia has not been easy. For this
presentation | attempted to answer the question: Why
was evaluating the impact of parasitoids so
straightforward for other classical whitefly biocontrol
programs, and why isit so difficult for Bemisia?
Evaluations should seek to answer three questions 1) Do
parasitoids reduce the average density of the pest, 2)
What are the mechanisms behind density reduction, and
3) Which species are responsible for density reduction?
For this presentation | concentrated on how best to
determine the effect of exotic natural enemies on the
average density of the target pest.

Determining the effect of natural enemies on pest species
is best addressed using an experimental approach. One
creates two types of populations; ones with and ones



without the natural enemy. Differencesin pest mortality are
then correlated to the natural enemy’ s density and
interpreted as the effect of the natural enemy. One can
create with and without contrasts both in time (Before and
After Contrasts) or through space (Geographic Contrasts).
Because there can be variability within a site from year to
year and between sites because of specific site
characteristics, it is even more powerful to combine the two
approaches.

Examples were presented of the successful use of with and
without contrasts to demonstrate the success of biological
control for seven whitefly species. Before and after
contrasts were used for all seven species, with life-tables
and multivariate analysis also used for afew species. With
and without contrasts do not work well when the density of
the pest from year to year or from site to siteis highly
variable and influenced by factors such as migration,
changing cropping patterns year-specific weather patterns,
and changing pesticide use. These factors are quite
prevaent in the dynamics of Bemisia. One factor that
contributes to this high variability is the fact that the
sampling units are not stable through time. The other
whitefly species mentioned are all pests of perennial plants
that can be sampled through time. Bemisia attacks annual
crops, and when sampling it is very difficult to control
important factors such as proximity to alfalfa or melons and
pesticide use against other pests.

To get around this problem, D’ Almeida et al. used
multivariate analysis to evaluate the impact of two Encarsia
species and other biotic and abiotic factors on the spiraling
whitefly (Aleurodicus dispersus). They claimed that “with
this technique, data becomes quantitatively comparable
across vast areas. In particular, the impact of a biological
control agent becomes measurable in the situation of multi-
cropped farmers' fields, where many factors influence host
populations or yield”. The results of their study for the
spiraling whitefly and two mealybug species were
presented. The density of nearby human populations, as
well as natural enemy presence, was the most important
variables predicting pest density. | would recommend
designing and implementing multivariate analysisif we are
going to effectively evaluate the impact of exotic parasitoids
on Bemisia populations in the United States.

Section E: Plenary Session Summary

Progressin Breeding Alfalfa for Resistanceto
the Silverleaf Whitefly

Larry R. Teuber, Larry K. Gibbs, and
Kenneth L. Taggard

Agronomy and Range Science, University of
Cadlifornia, Davis, CA 95616-8515

The silverleaf whitefly (Bemisia argentifolii Bellows and
Perring) has been recognized as a serious pest in Low
Desert alfalfa production since 1991. Annual losses are
estimated to exceed $26 Million in Imperial County,
Cdliforniaaone. In October 1992, we identified 73
individual plants exhibiting little if any stickiness and
fewer whitefly nymphs than commercialy available
cultivars. During the next two production seasons
evaluation procedures, estimates of genetic variance,

and a plant breeding protocol were developed. Using
the estimates of genetic variance we predicted that three
to five cycles of selection would be necessary to

develop economic resistance to the silverleaf whitefly.
Selection is based on an index using subjective ratings
for both stickiness and number on immature whiteflies on
the foliage (both are scored on a 1=clean to 5=severe
damage scale). The breeding protocol includes among-
and-within half-sib family selection and a winter seed
increase nursery in South America (Chile). Following
four cycles of selection we have devel oped populations
characterized by significantly reduced presence of
whitefly nymphs and stickiness on the foliage. These
characteristics have been incorporated into a genetic
background that is adapted to hay and forage

production in the Low Desert. Experimental cultivars are
now in the seed increase process and we expect to have
commercial seed of acultivar available to growersin
January 2001. Studies have been initiated to determine
the mechanism of resistance.

Section F: Plenary Session Summary

J. C. Palumbo, P. C. Ellsworth, T. J. Dennehy, and
K. Umeda.

University of Arizona, Yuma, Maricopaand Tucson, AZ.

A Grower Initiated Model for Sustaining Chemical
Efficacy Across Commodities

During the past decade, the silverleaf whitefly in
Arizonahas been relegated to a managed pest. Thiswas
achievedprimarily through the development of integrated
pest management programs in cotton, melons and
vegetables which promoted avoidance of whiteflies
through cultural practices, use of selective insecticides,
extensive sampling and monitoring protocols, and



rational, prudent, and optimally-timed insecticide use.
Growersin all commodities were quick to adopt and modify
these management strategies as new insecti cide compounds
became available.

Emergency Exemptions (Section 18) for Admire® in melon
and vegetables, and Danitol® in cotton, were first available
to Arizonagrowersin 1993. However, due to excessive use,
pyrethroid efficacy was significantly reduced in some
growing areas by 1995. In response, the Arizona Cotton
Growers Association (ACGA) requested limited use of and
received an exemption for two insect

growth regulators, Knack® and Applaud®. Availability of
the IGRs made possible the UA Integrated Resistance
Management program that promoted non-chemical
management of whiteflies, in conjunction with athree-stage
chemical use strategy designed to maximize the longevity of
insecticide modes of action. Implementation of this program
has since reduced insecticide use for whitefly management
overall, and provided for recovery of pyrethroid efficacy.

Admire has provided consistent whitefly control on melons
and leafy vegetables for the past six years. However,
growers have recently become concerned about resistance
risks associated with intensive Admire use on melons and
the lack of registered insecticides with which to alternate. In
1998, the Western Growers Association (WGA) requested
and received an exemption for the use of Applaud on
melons in an attempt to diversify the chemistries available to
control whitefly and sustain Admire efficacy. Because
whitefly exposure to Applaud may soon overlap among
melons, cotton and fall vegetable crops, cooperation will be
needed among growers to harmonize insecticide use among
commodities, to cover management needs of the respective
groups, and to protect long-term Applaud efficacy.

Thus, in the spring of 1998, the |eadership within the WGA
and ACGA met to discuss the possibilities of developing a
cross-commodity approach for managing whiteflies and
sustaining long-term insecticide efficacy. A Cross-
Commodity Growers Working Group was formed, and
discussions focused on formulating practical pest
management guidelines for cotton, melon and vegetable
growersin Arizona. Participants aso included
representatives from the Arizona Vegetable Growers
Assaciation, Yuma V egetable Shippers Association,
Arizona Cotton Research and Protection Council, Cotton
Incorporated, and Arizona Department of Agriculture. A
technical working group was formed and comprised of
University of Arizonaresearch scientists and extension
specialists, Arizona Department of Agriculture officials and
pest control advisors from each commaodity and regional
growing area. This group was charged with developing
insecticide use guidelines for the 1999 growing seasons,
identifying potential vulnerabilities for the short-term (2-3
years), and developing long-term strategies for stabilization
of chemical efficacy against whitefly and introduction of
new pest management tactics.

The efforts of the technical working group have resulted
in the development of a model approach to examining
possible strategies for sustaining chemical efficacy in
multiple cropping systems. The process involved
compiling data for crop production, insecticide use
patterns, and simulated whitefly population dynamics for
key host crops within three distinct growing regionsin
Arizona, and constructing graphs that when overlaid
identify important, multidimensional interactions within
cropping systems. Based on the patterns resulting from
our analysis, initial recommendations have been
formulated to harmonize chemical use across
commodities by restricting Applaud use to only once per
crop season in specified use windows, with additional
guidelines for reducing the possibility of exposing
successive whitefly generations to the same mode of
action. The diversification and limitation of alternative
chemistries, such as Admire and Knack, and the
refinement of cultural practices are to be considered as
well. Should this model of cooperation be successful,
valuable and scarce modes of action may also be shared
in the future within diverse, integrated use systems.



I1. Reports of Research Progress
Reports of Research Progress

Section A: Biology, Ecology, and Population Dynamics
Co-Chairs. Steve Naranjo and Rufus Isaacs

Investigator's Name(s): 'C. C. Chu, 'C. G. Jackson, E. T. Natwick, 'T. J. Henneberry, & 3G. S. Simmons.

Affiliation & Location: USDA-ARS, Western Cotton Research Laboratory, Phoenix, AZ, 2University of California
Imperial County Cooperative Research and Extension Center, Holtville, CA, and *USDA-APHIS PPQ WR, Brawley, CA.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1997 - 1998

Selectivity of CC Trap Catches of Whitefly Adults and Whitefly Parasites
Eretmocerus eremicus and Eretmocerus emiratus

Studies were conducted at Holtville, CA and Phoenix, AZ to compare silverleaf whitefly, Bemisia argentifolii Bellows and
Perring, and whitefly parasite catches with CC traps and yellow sticky card traps in greenhouses. 1n the 1997 study at
Holtville, CA, cantaloupe and watermelon plants were raised in three greenhouses (12.5 x 9 ft) (= three replicates) in soil-mix
plastic container. The study was conducted from February to April. Five 3 x 5inch yellow sticky card traps with both side
exposed and five yellow trap base CC traps were installed in each greenhouse. Pairs of each type were placed within 50 cm
apart. Whitefly adults and Eretmocer us eremicus were released in the greenhouses periodically. Adult whitefly trap

catches and parasitized nymphs on leaves were counted. Few adult whiteflies and E. eremicus adults were caught in CC
traps compared with yellow sticky card traps. This probably occurred because of the close proximity and competition for
catches between the two trap types. 1n 1998, eight cloth-covered cages (8 x 8 x 8 ft) were placed in alarge greenhouse. The
4 cage treatments were: no traps, 2 yellow trap base CC traps, 2 yellow sticky card traps (3 x 5in.) with one surface exposed,
and 2 yellow base CC traps plus 2 yellow sticky card traps. CC traps and yellow sticky card traps were placed 6 or more ft
apart. Whitefly adults and E. emiratus adults were released periodically. Parasite to whitefly adult catch ratios were 6.9 and
0.5 for yellow sticky card traps and CC trapsin individual cages. With the two trap typesin the same cages, the parasite to
whitefly adult catches were 3.5 and 0.3, respectively. Resultsindicate the potential of using CC traps for adult greenhouse
whitefly control in combination with parasites releases for whitefly nymph control.



Investigator's Name(s): 'C. C. Chu, 'T. J. Henneberry, & 2E. T. Natwick.

Affiliation & Location: 'USDA-ARS, Western Cotton Research Laboratory, Phoenix, AZ, and University of California
Imperial County Cooperative Research and Extension Center, Holtville, CA.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1996 - 1997

Silverleaf Whitefly Adults Caught in CC Trapsat Different Trap Heightsand Trap
Catch Relationshipsto L eaf-turn Countson Cotton

The effects of trap placement on silverleaf whitefly, Bemisia argentifolii Bellows and Perring, adult catchesin CC trapsin
cotton fields were studied in Californiaand Arizonain 1996 and 1997. In a no-choice study in 1996, more adults were
caught in traps placed 15 cm below the top of the cotton canopy compared with traps placed at canopy top or 15 cm above
the plant canopy. Traps caught more whitefly adults in the Stoneville 474 and Louisiana 887 plots compared with traps
placed in the Deltapine 5415 and 5461 plots, reflecting the same differences in adult populations on the leaves, as
determined using the leaf-turn method. In ano-choice trap study in 1997, trap catches were significantly correlated with
leaf-turn counts with traps placed at the top of cotton beds, 30, 60, 90 and 120 cm above plant beds. Significant correlations
occurred from 21 August to 18 September when the leaf-turn adult counts were 54 or more adults per ten leaves. In achoice
study in 1997, adult whitefly trap catches from 14 August to 18 September in traps placed from 30 to 120 cm above cotton
beds were significantly correlated with adult |eaf-turn counts.



Investigator's Name(s): 'C. C. Chu, °E. T. Natwick, °D. Ritter, 'T. J. Henneberry, & °S. L. Birdsall.

Affiliation & Location: 'USDA-ARS, Western Cotton Research Lab., Phoenix, AZ, ?University of California lmperial
County Cooperative Research and Extension Center, Holtville, CA, and *Imperial County Agricultural Commissioner Office,
El Centro, CA.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1996 - 1997

Silverleaf Whitefly Adult Catchesin CC and Suction Traps Above Bare Ground and
Implementation of CC Trapsfor Monitoring Whitefly Adult Populations
in Imperial and Palo Verde Valleysin California

Fewer (20%) adult silverleaf whiteflies, Bemisia argentifolii Bellows and Perring, were caught in CC traps compared with
suction traps. However, trap catches in the two type traps were significantly correlated. In choice and no-choice trap
studies on bare ground, more adult whiteflies were caught in CC traps placed at the ground level compared to traps placed
from 30 to 120 cm above ground. Y ear round CC trap catches averaged on aweekly basis for Imperial Valley, Caiforniain
1996 and 1997 and Palo Verde Valley in 1997, showed patterns of population fluctuation that are typical in the southwestern
United States. Short term whitefly adult population fluctuations in most cases appeared due to occasional wind and rains,
whereas overall fluctuations reflected seasonal temperature and host density effects. Resultsindicate that the CC trap may
be a useful tool for monitoring seasonal whitefly adult populationsin any specific period of time.



Investigator's Name(s): C. C. Chu, T. J. Henneberry, & M. A. Boykin.
Affiliation & Location: USDA-ARS, Western Cotton Research Lab., Phoenix, AZ.
Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1996 - 1997

Attraction of Silverleaf Whitefliesto White Fluor escent and | ncandescent
Light Under Laboratory Conditions

Studies were conducted at the USDA-ARS Irrigated Dessert Research Station laboratory at Brawley, CA, to determine the
attractiveness of fluorescent and incandescent light sources to adults of silverleaf whitefly, Bemisia argentifolii Bellows
and Perring. Individuals moved from arelease chamber through plastic tubes to white fluorescent and incandescent light
sources 1.5 ft distant from the release point. Silverleaf whitefly adults response to light under laboratory conditions was
minimal at light intensities of 2 lux or less as measured by traps catches at the fluorescent light source. More adults were
attracted to higher intensity compared with low intensity fluorescent light. Fewer adults were attracted to low (5 lux)
intensity incandescent light compared with higher (137 lux) intensity fluorescent light when both were at the energy level of
0.3-0.4 W/m? . Minor movement of B. argentifolii adults occurred under dark or very low light intensity (< 2 lux)
conditions. More adults were attracted to cotton and cantal oupe leaves and yellow sticky card traps adjacent to light
sources (highest reflected light intensity) than to leaves and yellow sticky card traps distant from light sources (lower
reflected light intensities).



Investigator's Name(s): C. C. Chu, 2P. J. Pinter, Jr., *T. J. Henneberry, °K. Umeda, “E. T. Natwick, °Y. Wei, ®V. R. Reddy, &
®M. Shrepatis.

Affiliation & Location: 'USDA-ARS, Western Cotton Research Laboratory and Water Conservation Laboratory, Phoenix,
AZ, 3University of Arizona Maricopa County Cooperative Extension Service, Phoenix, AZ, “University of California Imperial
County Cooperative Research and Extension Center, Holtville, CA, *Guangxi University, Guangxi, China, and ®l nterational
Crops Research Institute of the Semi-Arid Tropics, Andhra Radesh, INDIA.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1996 - 1997

Catches of Silverleaf Whiteflies, Thripsand L eafhopperswith
Different Trap Base Colored CC Traps

Seven field studiesin 1996 and 1997 were conducted in cotton, sugar beets, alfalfa, yardlong bean and peanut to compare
insect catchesin CC traps equipped with different trap base colors. The nine colors, white, rum, red, yellow, lime green,
spring green, woodland green (dark green), true blue, and black, varied in spectral reflectance in the visible (400 to 700 nm)
and near-infrared (700-1050 nm) portions of spectrum. Lime green, yellow and spring green were the three most attractive
trap base colors for silverleaf whitefly, Bemisia argentifolii Bellows and Perring, and leafhopper, Empoasca spp. adults.
The three trap base colors were moderately high in the green, yellow and orange spectral regions (490 to 600 nm),
resembling the spectral reflectance curves of the underleaf of a green cotton leaf surface. True blue and white were the
most attractive trap base colors for western flower thrips, Frankliniella occidentalis Pergande adults. Both of these trap
base colors were moderate to high in the blue spectral region (400 to 480 nm).



Investigator's Name(s): *A. C. Cohen, 'C. C. Chu, 'T. J. Henneberry, *T. P. Freeman, °D. R. Nelson,J. Buckner, “D.
Margosan, “P. Vail, & “L. H. Aung.

Affiliation & Location: 'USDA-ARS, Western Cotton Research Laboratory, Phoenix, AZ, 2Electronic Microscopy Center,
North Dakota State University, Fargo, ND, 2USDA-ARS Bioscience Research L aboratory, State University Station, Fargo,
ND, & *“USDA-ARS Post Harvest Quality & Genetic Research Laboratory, Fresno, CA.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1993 and 1997

Studies of Silverleaf Whitefly Nymphs Feeding Behavior

Whitefly feeding is complex and includes the location of appropriate sites to probe leaves so that minor veins can be
located. Nymphal stage survival of the silverleaf whitefly Bemisia argentifolii Bellows and Perring requires stylet
penetration of the smallest veinsin host plant leaves. Light and electron microscopy as well as confocal imaging have
revealed that successful feeding always involves probing of no more than three xylem elements minor veins. Surface
structures such as lamina trichomes and elongated epidermal cells provide cues for afirst instar nymphsto initiate probing
at appropriate places. A specialized saliva produces a sleeve-like salivary sheath that forms around the stylets to the minor
veins. The sheaths are often sinuous and branched. Branching takes place both in the mesophyll and veins. Most of the
sheath material inside the leaf is extra-cellular and in the extensive air space between spongy parenchymacells. Only a
small portion of the sheath isfound inside cells, that portion being in epidermal cells. We found almost no evidence of
stylet or sheath penetration into parenchyma or palisade cells. Leaf sectioning technique results suggested some feeding
sheaths from the plant surface to sites other than vascular tissues. Stained and cleared non-sectional leaves provide aview
of entire intact sheaths which showed that nymphs that devel oped beyond the first instar always made contact with veins

as evidenced by the presence of the salivary sheaths. Fused bead appearing sheaths were up to 140 um long and about 2
pm in diameter at their widest dimension. Sheaths were occasionally glued to cell walls and made contiguous contact
between the plant leaf surface and veins. Some sheaths terminated blindly without reaching a vascular bundle. These were
invariably sealed at the end. It appeared that successful feeding always involved intact sheaths. The relative success of
silverleaf whitefly on different hostsis, in part, attributable to the geometry of the feeding arrangement in relationship to the
availability of minor veinsin the host plants. For example, a preferred host cantaloupe has 2X the amount of vascular
bundle tissue compared with a poor host lettuce.



Investigator's Name(s): Elizabeth W. Davidson, Mark D. Lavine, Marc Mathews', & Donald L. Hendrix2.

Affiliation & Location: 'Department of Biology, Arizona State University, Tempe, AZ 85287-1501; 2USDA-ARS, Western
Cotton Research Laboratory, Phoenix, AZ 85040.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: January 1, 1997 - December 31, 1998

Improvementsto the Artificial Feeding System for Bemisia argentifolii

Our goasin dietary improvement are not to bring B. argentifolii to adults on the artificial system, but rather to bring the
greatest possible proportion to third instar within the shortest time, in order to use these larvae as hosts for parasitic

wasps. However, within the last 6 months we have successfully produced at least 50 adult whiteflies on artificial feeders,
having been reared through their entire development on artificial diet. To thisend, we have added many different agents to
the standard larval diet (5% yeast extract, 30% sucrose; Jancovich et al., 1997, Feeding chamber and diet for culture of
nymphal Bemisia argentifolii. J. Econ. Entomol. 90: 628-633) and using standard diet as the control, have assessed
changes in percentage survival and development to third or fourth instar within 13-14 days.

Slight improvement in development was observed with added alanine and with reduction of sucrose to 15%; these
items will be assessed further. Marked differences were noted among batches and between manufacturers of yeast
extract, Difco and BBL being the most useful. Development appeared to be similar at 27° or 31 °Cinthelight or in the
dark, but temperatures above 31°C inhibited growth. Although development was much slower, third instar larvae were
obtained on the standard Akey and Beck diet for aphids; thisisthe only diet other than yeast extract and sucrose

which has ever permitted development of whitefly larvae beyond the first instar. We have analyzed amino acid
composition of larvae reared on plants and on feeders, and have compared this analysisto yeast extract. We are

basing additions of amino acids to the diet on these analyses, which technique has proven useful in diet
improvements for aphids.

Major improvements have been achieved in two areas, egg sterilization including reduction in fungal contamination, and
new membrane. Ten% chlorox has routinely been used to surface-sterilize eggs washed from leaves, but we have learned
that substitution of the antibacterial-antifungal agent roccal appears to lead to much better percentage of hatch and
improved survival.

Perhaps the greatest improvement in the rearing technique has been the adoption of an autoclavable, commercially
available membrane to replace Parafilm. Filter membranes composed of Teflon are very thin, acceptable to the larvae for
feeding, and the plastic screen which supports these membranes mimics the rough surface of the leaf which appearsto be
atractive to the larvae aswell. We have now adopted these Teflon membranes for all feeders, and the ability to autoclave
the entire feeder system has been a major improvement in reducing contamination. These membranes are, however, far
more expensive than Parafilm (ca. $2 per membrane), but with care they can be reused at |east once.

Fourth instar nymphs (red-eye) were surface sterilized and kept in sterile conditions. When adults emerged, they were
moved to feeders under sterile conditions. These adults laid eggs on both Parafilm and Teflon membranes, the eggs
hatched in high percentages, and the larvae matured to third and fourth instars on the feeders. These results confirm that
eggs laid directly on feeders develop normally, and that materials obtained from plants via the pedicel are not necessary to
the hatching and development of the larvae. This technique may prove very useful in establishing larger scale artificial
rearing.

Parasitoid wasps including Encarsia formosa and E. pergandiella, but not Eretmocerous mundus., have been reared
to adulthood on whitefly larvae on these feeders. Details are presented elsewhere.



Investigator’s Name(s): Dan Gerling & Moshe Guershon.

Affiliation & Location: Department of Zoology, the George S. Wise Faculty of Life Sciences, Tel Aviv University,
Israel 69978.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1998

Whitefly Progeny Production vs. Mortality Factors. Ideasfor Future Research

Research on Bemisia popul ations has been continuing for over 20 years, including about 10 years on B. argentifolii.
We examined some of the features of B. argentifolii populationsin order to try and point out direction for future
research. Recent findings including ours and those of S. Castle showed that SLW may reach 500 or more eggs/female.
Such an increase over the 100 or less eggs/female reported elsewhereis overwhelming. Here we deal with it assuming
other parameters, such as generation time and adult survival do not change.

In order to maintain a steady population (zero population growth), in a closed system devoid of emigration and
immigration, at 100 eggs per female, survival should not exceed 1 female — or 2% (assuming a sex ratio of 50%); in the
case of 300 eggs per female thisis 0.7% and for 500 eggsit is 0.4%. Therefore, the difference in percentage mortality
required for achieving zero growth between 100 and 500 eggs per femaleis 1.6%.

Overall immature field mortality of untreated B. argentifolii, according to S. Naranjo and P. Ellsworth’ s recent findings,
is between 91.5 and 99% (differences are in generations of whitefly). Thisisinsufficient for zero population growth
even at 100 eggs/female, whereas in cases with 300-500 eggs/female, it will be necessary to obtain additional 1.6%
mortality over the 98% if population growth is to be checked. On the other hand, means of reducing oviposition, like
adult mortality, could act synergistically with immature mortality factors such as natural enemies, to obtain the
necessary control levels. Therefore, the concept should be to develop, introduce and improve a natural enemy

complex in order to maintain ahigh level of immature mortality and augment it, while working on additional means for
the reduction in oviposition rates to level s permitting immature mortality to be most effective.

We may exploit the fact that, under certain circumstances, the whiteflies do not cause outbreaks and yet, natural
mortality factors do not seem to differ from those under outbreak conditions. A careful life table study leading to the
understanding of these cases can enhance our chances to find ways to reduce whitefly populations. Since population
buildup is contingent upon oviposition rates (natality) and upon mortality, we could examine the causes for low or
high natality such as:

a) Heterogeneity in the female population: There may be “high reproduction females’ (femalesthat either live longer
or lay more eggs during the same life span) causing outbreaks and “lower reproduction females’ that do not cause
them. Thiscan be1). inthe samefield or 2). in different fields, crops and areas.

Present information indicates that there is little support for 1). but evidence for 2). exists.

b) Plant quality characteristics. The existing evidence concerning differencesin oviposition rates all points to plant
quality as adeterminant in whitefly development differences, but no critical experiments have been conducted to
determine the rate of heterogeneity within females, especialy in different geographic areas.

Moreover, relevant plant quality traits may change greatly with the season and location as indicated by differencesin
infestation levels of the same plant species and variety in different fields.

¢) Egg quality and Sex ratio differences: This possibility would mean that numerous eggs are deposited but only
some would giverise to viable females. So far, observations do not support this idea.

Plans for future action should include:

A. Continued maximal pressure on immatures by natural enemies through their introduction, augmentation and
conservation coupled with careful life-table studies.

B. Exploiting and manipulating physiological and behavioral characteristics of the whitefly adults, following research
concerning: a. Presence and causes for heterogeneity of adult populations, b. Physiological and behavioral changes
in oviposition habits (s.l.) and survivorship asinfluenced by extrinsic factors and c. Intrinsic influences on whitefly
adults such as physiology (e.g. oogenesis, egg fertility and flight), and behavior (e.g. mating host selection and
oviposition).



Investigator's Name(s): S. M. Greenberg, Walker A. Jones?, & W. C. Warfield®

Affiliation & Location: Joint affiliation: Beneficial Insects Research Unit, Kika de la Garza Subtropical Agricultural
Research Center, USDA-ARS, and Texas Agricultural Experiment Station, Weslaco, TX; ?Beneficial Insects Research
Unit, Kika de la Garza Subtropical Agricultural Research Center, ARS-USDA.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: 1998

Comparative Host Plant Effects on the Biologies of Bemisia and Trialeurodes

Stage-specific development, survival, size, progeny sex ratio, and reproductive potential were measured for Bemisia
argentifolii Bellows and Perring and two strains of Trialeurodes vaporariorum (Westwood). One of thetwo T.
vaporariorum cultures (designated here as"A") originated from a greenhouse culture in Ithaca, N. Y .; the other
(designated as "B") was colonized from a population collected locally from certain weeds, and believed at first to be a
different species due to morphological differences. The B. argentifolii were collected locally. Host plants used were
pole beans cv Kentucky Wonder, and cotton cv Sure Grow 125, initially grown in agreenhouse. The whitefly cultures,
and the tests, were maintained and cultured on excised leaves placed in floral aguapik tubes filled with hydroponic
solution, and maintained in large ventilated Petri dishesin an incubator kept at 25EC, 55% RH, witha16:8 (L : D) h
regime. Lifetable datarevealed that host plant species had asignificant effect on most biological measurements across
each whitefly genotype, and the effects were generally significantly different between whiteflies reared on the same host
plant. Total pre-imagina mortality showed that cotton was a significantly better host for B. argentifolii (35.5% on
cotton vs 59.7% on bean), while bean was a significantly better host for typical greenhouse whitefly T. vaporariorum
"A" (20.6% on bean vs 54.8% (on cotton). The"wild" T. vaporariorum"B" exhibited a high mortality rate on both host
plants, occurring mainly during the early larval stages. Development to adult for the silverleaf whitefly was significantly
shorter on cotton (17.5 d) than on bean (22.1d). Conversely, the greenhouse whitefly "A" expressed a shorter develop
time on bean (20.5 d) than on cotton (24.6 d). Host plant had no significant difference on percentage female progeny or
preoviposition period of the whitefliestested. Daily egg production was significantly affected. Silverleaf whitefly eggs
per day after developing on cotton was 7.6 vs 4.5 on bean. The opposite was recorded for greenhouse whitefly "A"; T.
vaporariorum"B" oviposition was very low (< 2 eggs per female) and not significantly different between host plants.
Similarly, pupal size corresponded to the other results. These findings clearly demonstrated that green beanisa
significantly better host plant than cotton for greenhouse whitefly "A", while cotton a better host for rearing silverleaf
whitefly.



Investigator'sName(s): L.H. C.Lima D. Navia; & M. R. V. Oliveira.

Affiliation & Location: Embrapa - Recursos Genéticos e Biotecnologia, Cx. Postal 02372, CEP: 70.849-970, Brasilia, DF.
BRAZIL. Email: vilarin@cenargen.embrapa.br.

Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: January - October 1998

Occurrence and Evaluation of Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae) Strainsin Brazil Using PCR-RAPD

Bemisia tabaci (Gennadius) has become an increasingly important pest of agricultural crops world-wide, causing
extensive damage through direct feeding and as a vector of many viruses. Up to 1990, only B. tabaci biotype A was
found in Brazilian agroecosystems and it was considered a secondary pest. 1n 1991, anew biotype, known asthe
poinsettia strain, or silverleaf whitefly was detected in Brazil causing phytotoxic disorder in cucurbits and attacking
weeds. Inthelast three years this biotype has become a serious pest of various important cropsin al five regions of
Brazil. In December, 1996, this insect was found present in five states of the country, presently its population spread to
17 states, in just ayear and half. The losses caused by the B biotype as vector and/or pest are now over US$ 1 billion.
The crops most attacked are tomatoes, watermelons, cotton, benas and soybeans. The taxonomic identity of B. tabaci is
problematic asit is highly polymorphic with extreme plasticity in key morphological characters that vary according to the
host. We used PCR-RAPD to evaluate the presence of B-biotype and/or others biotypes of B. tabaci that may be

present in Brazil. The analysis were realized in 70 samples collected in 30 different localities on 27 different hosts
including cultivated and weed plants. It was confirmed the presence of the B-type in 14 states: Alagoas, Bahia, Ceara,
Distrito Federal, Goias, Minas Gerais, Mato Grosso do Sul, Mato Grosso, Paraiba, Pernambuco, Rio de Janeiro, Roraima,
S0 Paulo e Tocantins. In some localities both biotypes A and B were found: Jaboticabal, SP; Rondondpolis and

Cuiaba, MT and Goianira, Go. It isnecessary to monitor the spread and development of B biotype populationsin order
to adopt appropriate management strategies to control this whitefly.



Investigator’s Name(s): Steven E. Naranjo & Thomas J. Henneberry.
Affiliation & Location: USDA-ARS, Western Cotton Research Laboratory, Phoenix, AZ.
Research & Implementation Area: Section A: Biology, Ecology, and Population Dynamics.

Dates Covered by the Report: January - December 1998

Evaluation of a High-Speed Thermodetector for Estimating Cotton Lint Stickiness

Cotton lint stickinessis problematic at many post-harvest phases of processing including ginning, carding and
particularly spinning. The manually-operated sticky cotton thermodetector (SCT) has been a standard research tool for
assessing cotton lint stickiness. With the inevitable replacement of the SCT by several competing automated systems
(e.g. High Speed Stickiness Detector [H2SD]) it is hecessary for usto revisit many of our previous sampling analyses.
Here we summarize comparative analysis of field samples assayed by both the SCT and H2SD systems.

Data Collection and Assay: Sample data were collected in atotal of 18 sitesin 1996 from Maricopa, AZ and Brawley, CA.
Five different sample units were examined. After ginning a subsample of lint from all samples was assayed using the

H2SD (3 replicate assays per subsample). Approximately one-third of the samples were also assayed using the SCT (2
replicate assays per subsample) to facilitate direct comparisons between systems.

Sampling Distribution: There was a difference in the within-field distribution of thermodetector spots between the SCT
and H2SD. Samples assayed by the SCT typically had coefficients of variation (CV) < 1 indicating a Poisson
distribution. In contrast, alarge fraction of the samples assayed by the H2SD had CV’s > 1 indicating an aggregated
distribution. The reasons for the striking difference between the SCT and H2SD in our samples is unknown and further
detailed investigation is clearly warranted.

Comparison of Systems and Sample Units: Overall our samples did not provide a good range of stickiness levels.
Nonetheless, there were clear differences in the total number of thermodetector spots between SCT and H2SD assays,
with the latter being consistently lower. The relationship between the SCT and H2SD for our samples differed from
those previously reported. In general there were no statistical differencesin estimates of stickiness among the various
sampl e units examined nor any clear pattern in levels of variability in relation to size of the sample unit. Thus, it took
much longer to collect larger sample unitsin comparison with smaller sample units, but this extra effort was not offset by
less variable estimates. Based on results to date the 1-plant sample unit is most efficient. Additional observations are
currently being collected for several boll-based sample units.

Partitioning of Variance Components. Because thermodetector assays are conducted on subsamples from the field
sample unit, the process of estimating stickinessis inherently a two-stage sampling problem with two sources of
variation. We found that approximately one-third of the variation was attributable to differences among field samples
while the remaining variation could be attributed to variability among SCT subsamples. Thislatter source of variation
for the SCT includes variability due to subsampling and the SCT operator. Because the H2SD eliminates operator error
we found that approximately 41% of the variability was attributed to subsampling with the H2SD system with the
remaining 59% attributable to field-level variability. Taking field and assay costs into consideration our preliminary
findings suggest that only one subsample should be assayed per sample unit on either machine and that more time
should be devoted collecting additional sample units from the field.

Preliminary Sample Sizes: Taylor's power law and Iwao’ s patchiness regression were used to generate fixed-precision
sample size functions for the SCT and H2SD systems. The much greater sample size requirements for the H2SD reflects
the higher levels of between-sample variability observed for lint assayed with this system. For example, to estimate a
mean stickiness level of 5 with 25% precision (SE/mean ratio) the SCT would require a sample size of 2-6 whereas 12
samples would be needed using the H2SD system. At high levels of stickiness only 1-2 samples would be required by
the SCT; 4-7 samples would be needed for the H2SD.

Theoretically, an automated, high-speed system should provide the most consistent and accurate determination of
stickiness, however, there are apparent problems with the H2SD system used in our studies. Further work is needed to
identify and correct these problems and to assess the H2SD system on lint samples representing a broader range of
stickiness levels.
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Cohort-Based Life Table Studies of Bemisia tabaci in Cotton

Many biotic and abiotic mortality factors impact the population dynamics of Bemisia tabaci (Biotype B) in agricultura
ecosystems, yet we have a poor understanding of the rates of these mortality factors and how they may be involved in
overall population regulation. We have been using a direct observation technique to construct cohort-based life tables of
B. tabaci on cotton in central Arizona over the past three years. These studies have identified, quantified, and compared
in situ sources and rates of mortality of immature whitefly stages in untreated cotton plots and in plots under three different
insecticide regimes (buprofezin followed by pyriproxyfen, pyriproxyfen followed by buprofezin, and a rotation of
conventional materials). Here we summarize our results from atotal 10 life tables completed in untreated cotton during 1997
and 1998.

Cohorts of eggs and settled 1st instar nymphs were established from natural populationsin each of 4 replicate plots per
generation. Four generations were observed from late June through late September in 1997 and six generations were
observed from late June through late October in 1998. Each cohorts consisted of approximately 50 individuals of each
stagein each plot. The location of individuals on leaves was marked with a non-toxic felt-tip pen. The fate of each
individual was then tracked by visual observation with ahand lens every 2-3 days. We attempted to estimate mortality
due to predation, parasitism, dislodgment, and inviability (eggs). Mortality that could not be placed into one of these
categories was catal oged as unknown.

Combining al immature stages, predation by sucking predators was a large source of mortality, especially during 1997.
Observed rates of predation varied from 36-51% in 1997, and 7 to 42% in 1998. A consistently large fraction of immatures
were also killed by being dislodged from leaves (29-51% in 1997; 23-43% in 1998). Dislodgment likely resulted from a
combination of weather (wind and rain) and chewing predation. Inviability of eggs was alarge source of mortality

during 3 generations over the two year (30-68%), but was minor in all other generations examined (2-17%). Parasitism by
two genera of native parasitoids was a very minor source of overall immature mortality (0-4%). Survivorship from egg to
adult ranged from 0.8% to0 9.5 % in 1997, and 0-18.2% in 1998 suggesting alarge impact of natural forces on whitefly
mortality in thefield. Partitioning mortality across the five developmental stages, we found that a large portion of
immature mortality occurred in the egg stage (42-76% in 1997; 35-97% in 1998). Of the four nymphal stages the largest
fraction of mortality consistently occurred during the 4th stadium (7-28% in 1997; 2-23% in 1998). Stage-specific rates of
mortality were highest for eggs and 4th instar nymphs, reflecting, in part, the fact that these are the longest

developmental stagesin the life cycle. Stage-specific rates of mortality rarely exceeded 30% during any of the first three
nymphal stadia; stage-specific rates of mortality frequently exceeded 50% for eggs and 60% for 4th stage nymphs. As
expected from results of overall immature mortality, predation and dislodgment were consistently the two greatest

sources of mortality during each individual developmental stage. The rate of parasitism in the 4th stadium approached
10% in some generations and was consi stent with independent evaluations from leaf samplesin the same plots. An
unusual, but unknown source of mortality affected 4th instar nymphs during the 3rd generation in 1998 and contributed

to 0% survivorship in that generation across all treatment plots. The posterior sections of affected nymphs were

severely sunken and necrotic areas were sometime visible at the tips of developing wingbuds. Investigations are still
underway to define this mortality agent.

To evaluate the relative importance of the various mortality factors we estimated rates of irreplaceable mortality for
predation, parasitism, dislodgment and egg inviability. Results showed that overall, relatively little mortality from any
source is completely irreplaceable. Thisindicates that the various mortality factors interact and readily replace one
another during the five immature devel opmental stages. Averaged over 10 generations, 15.5% of mortality from
predation, 10.4% of mortality from dislodgment, 2.2% of mortality from inviability, and <1% of mortality from parasitism
wasirreplaceable. K-factor and density-dependent analyses are underway.
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Formation of External Waxy Particles by Adult Bemisia argentifolii and Semidalisflinti

The dustywing, S. flinti Meinander (Neuroptera: Coniopterygidae), a predator in the southwestern USA, is active on
noncrop plants (shrubs and trees) in areas surrounding agricultural areas and in urban areas, where whiteflies spend the
time between crop seasons. Both larvae and adults feed on Bemisia eggs and nymphs. Larvae ate up to 2000 eggs
during development to adults. Starved adults ate 8.5 eggs plus 8.8 nymphs per hour.

Adult whiteflies and dustywings both cover themselves with waxy particles. Whiteflies produce ribbons of waxy
material, a mixture of long-chain aldehydes and alcohols, from abdomina wax plates and then use their tibiato break off
the extruding ribbons to form the waxy particles which cover the insect as well asits surrounding surfaces. In B.
argentifolii and B. tabaci, the major components are 34 carbons in length and in greenhouse whiteflies, Trialeurodes
vaporariorum (Westwood), 32 carbons. Also, adult whiteflies cover their cuticular surface with mixtures of lipid classes
(as do al insects).

Dustywings were collected from roses near Phoenix, AZ in 1996 and 1997, and cultured on B. argentifolii on cotton
leaves. Dustywings also cover themselves with waxy particles from individual wax pores, located around their entire
body, each of which produces two waxy ribbons with fluted edges. The end of each waxy ribbon curls back on itself to
form a cylinder (particle) about one micrometer in diameter which breaks off. Asextrusion continues, additional particles
areformed.

Total cuticular surface lipids (including waxy particles) were composed of fatty acids (47%), alcohols (7%),
hydrocarbons (20%), putative wax esters (4%) and diacylglycerols (10%); 11% remained at the origin of the TLC plate.
Waxy particles alone, were composed of fatty acids (37%), alcohols (9%), hydrocarbons (19%), and diacylglycerols
(13%); 20% remained at the origin. No differencesin TLC lipid classes were found between males and females. No
putative wax esters were detected in particles alone. The similarity in the lipid composition of the waxy particles and the
total cuticular surface lipids indicated that waxy particles are the mgjority of the lipid on the surface of the dustywing.

Analysis by capillary gas chromatography-mass spectrometry did not detect wax esters. The major hydrocarbon was
3,7,11-trimethylheptacosane, approximately 70 ng per female and 50 ng per male. The major lipid class (approximately
65%) was the free fatty acids; approximately 1000 ng/female and 1220 ng/male. The major free fatty acid, tetracosanoic
acid (24-carbon fatty acid) was 70% of the free fatty acids. Alcoholswere only aminor lipid class (6%) on dustywings.
The mgjor acohols were a mixture of 8- and 9-hydroxypentacosanes.

The whiteflies and dustywings had completely different surface chemistry. Adult whiteflies had particles of long-chain
aldehydes and alcohols as well as wax esters on the cuticle surface. Dustywings did not have long chain aldehydes and
very little alcohol. The major component from the dustywing as well as from the vials in which they were held was free
fatty acids. They also had small amounts of methyl-branched hydrocarbons whereas whiteflies had very little
hydrocarbon, either branched or straight chain.
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Population Dynamics of Bemisia tabaci B Biotype, on Continuous Pumpkin
Culturein Guadeloupe (French West Indies)

In Guadeloupe, asin most of the Caribbean islands, vegetable is being produced all year round. In thisregion, the
silverleaf whitefly wasfirst identified in 1990; it causes direct damage on melon and other Cucurbits and is responsible
for PYMYV transmission on tomato. We studied the causes of whiteflies outbreaks in order to manage this new situation.

Since population levels depend on the host-plant phenology, we developed a field test with the continuous presence of
young, mature and senescent pumpkin plants (Cucurbita moschata, variety Martinica). Pumpkin is agood silverleaf
whitefly host, it is easy to grow and is attained by few pests and diseases. Pumpkin plots were planted monthly in two
locations of Guadeloupe, under different climatic conditions. Climatic parameters were continuously recorded. Once a
week and in each location, we sampled the two most recent plots, each one consisting of 30 plants. Sampling included
adult counts under 4 leaves of each plant, and adult counts on yellow sticky traps fixed at the ground level (4 per plot).

Observations during one and a half years showed that the population levels were always very low in the humid area,
even outside the rain period. Inthe dry area, population levels were low when relative humidity was high, or when the
rainfalls were frequent. However, outbreaks occurred from May to July, and corresponded to hot periods with little
precipitation. These outbreaks came to an end when relative humidity and precipitation increased, although temperature
remained high.

We are now focussing on sampling of parasitoids and are devel oping tests to evaluate the effect of environmental
factors (wind, rain, relative humidity) on dispersion of whiteflies on the host-plants. This ecopathological approach is
linked with the study of geminivirus transmission on tomato plants.
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Genetic Analysis of Bemisia (Homoptera: Aleyrodidae) Populations by | soelectric Focusing Electrophoresis

Twenty two populations of whitefliesin the genus Bemisia were screened for genetic variation at 3 allozymeloci. Ten of
these 22 populations were selected for additional analysisin which aminimum of 10 enzymes representing 10 to 14
distinct loci were examined. Calculated allelic frequencies reveal ed three clusters among the populations examined. The
first cluster was comprised of two New World populations, B. tabaci type A from the United States, and a B. tabaci type
A-like population from Culiacan, Mexico. A second cluster of seven was formed from 4 Old World populations, and 3
New World populations (a popul ation from Puerto Rico found on Jatropha gossypifolia, and 2 populations of Bemisia
argentifolii (=B. tabaci, type B), believed to be old world in origin). A third group contained a single population from
Benin that specializes on Asystasia gangetica. While the data support previous work with respect to taxonomic.
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Heat Shock Proteinsand Sorbitol Accumulation as M echanismsfor Thermotolerance in Bemisia argentifolii

The silverleaf whitefly (Bemisia argentifolii) thrivesin hot, arid regions where daytime temperatures are sufficiently high
to damage cellular machinery. Previous studies have shown that whiteflies accumulate sorbitol when exposed to
temperatures in excess of about 30°C. In the present study, experiments were conducted to determine the effectiveness
of sorbitol as a thermoprotective agent and to examine the expression of heat shock proteins under conditions

conducive to sorbitol accumulation. Turbidity assays and SDS-PAGE showed that sorbitol, at concentrations similar to
those present in heat-stressed whiteflies, decreased heat-induced protein aggregation in cell-free extracts of adult
whiteflies. Addition of sorbitol to whitefly extracts increased the thermal stability of two soluble whitefly enzymes,
hexokinase and sucrase, by increasing the temperature required to inactivate enzyme activity. These results demonstrate
that sorbitol is capable of protecting proteins from heat denaturation in vitro, consistent with its proposed role as a
thermoprotectant.

Sorbitol levelsin whiteflies exposed to cotton leaf temperatures of 38-41°C (heat-stressed) were 6- to 10-fold higher than
in whiteflies maintained at leaf temperatures of 25°C (control). Northern and Western blot analyses showed that the
levels of MRNA for NADPH-dependent ketose reductase (KR), the enzyme which synthesizes sorbitol in whiteflies, were
considerably higher in heat-stressed compared with control whiteflies and that the amount of KR protein was slightly
greater. Western blot analysis using antibodies against heat shock proteins (Hsps) showed that control and heat-

stressed whiteflies contained similar amounts of Hsp70 and Hsp60 protein, and the amount of Hsp90 protein was only
slightly greater in heat-stressed whiteflies. In vivo labeling of whitefly proteins with [**S]Met/Cys showed that Hsp70
and Hsp90 were the magjor labeled polypeptides synthesized in heat-stressed whiteflies, but were only minor components
of the labeled polypeptides of control whiteflies. Similar labeling profiles for Hsp70 and Hsp90 were obtained when
polyA+ mRNA from control and heat-stressed whiteflies was translated in vitro. The resultsindicate that Hsp70 and
Hsp90 are the major heat shock proteinsin whiteflies and that their synthesis in whiteflies increases under the
conditions of high temperature that induce sorbitol accumulation. That the increased rate of Hsp70 and Hsp90

synthesis in heat-stressed whiteflies did not |ead to a significant increase in accumulation of these proteins suggests

that the role of Hsp70 and Hsp90 in thermotol erance involves rapid turnover of these proteins rather than increasesin
the steady-state amounts.
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Ecology and Population Dynamics of Bemisia tabaci Genn (Aleyrodidae) an Extent
of Damage Both by Vector and Yellow Mosaic Virus

Mothbean, Vigna aconitifolia (jacq.) Marechal is adrought hardy crop extensively grown in arid zone of Indiain an area of
1.24 million hectares with an average production of about 0, 15 million ton's. But the productivity of the crop is extremely
poor (125 Kg/ha) due to heavy incidence of yellow mosaic disease and whitefly. Whitefly is by far the most serious insect
and it also acts as avector of yellow mosaic virus (YMV). Study on the biology of Bemisia tabaci was carried out on
mothbean crop under laboratory and field conditions. Effect of thermal regime (25-40EC) on development of insect in the
incubators and progression of insect under field conditions was compared. Laboratory development of the insect was
completed in 28, 42 and 29 days at the three increasing temperatures of 25, 30 and 35EC, respectively. Field development of
the insect was the fastest (25-27 days) during July to August and slowest (38-42 days) during December to January.

Effect of sowing dates viz. June 29, July 6, 13 and 20 reveaed increase in incidence of both whitefly and YMV with delay in
each sowing time. There was significant increase in the development of whitefly population in the mothbean crop sown on
July 20 and its direct impact was a sharp decline in the grain yield due to poor growth of the crop. Early sown crop (June to
July 6 sowing) had lesser number of whiteflies and low incidence of YMV.

Effect of mixed and intercropping of mothbean, guar and bajra was evaluated for the seasonal incidence of whitefly
population and incidence of YMV. The population density of the whitefly during the peak period was 70.5 per plants on the
mothbean crop, whereas the density was 44 per plant in the pure guar crop. With pearl millet, the population was 37 per
plants for the mothbean and 42 for the guar crop. A similar trend of the lower population existed for the pearl millet
intercropped legumes (1:1) i.e. 25 whiteflies on mothbean and 27.5 on guar crop. Anincidence of the plant to plant distance
from 50cm to 70 cm also reduced the incidence of the whitefly but this maneuver did not have any beneficia effect in terms of
the lowering of YMV incidence.

Studies on assessment of yield datarevealed that both YMV infestation and whitefly population are responsible for reduction
in number of pods per plant and number of seeds per pod. The extend of yield loss due to whitefly and YMV varied from
25.57 to 73.54 in different cultivars of mothbean crop.



Research Summary

Section A: Biology, Ecology,
and Population Dynamics

Compiled by R.Isaacsand S. E. Naranjo

Based on the submitted abstracts and recent publications,
progress was made in all areas of Section A during the
reporting period.

Basic Biology and Taxonomy

The focus of mating behavior studies have been on the
compatibility of different strains of Bemisia for cross-
breeding. This has been within studies to determine the
distribution and taxonomy of the different biotypes of
Bemisia throughout the world. The karyotype of Bemisia
was determined by European researchers, an advance that
will assist with future research into Bemisia reproductive
biology. The behavioral mechanisms of mating
incompatibility remain unstudied.

There has been continued activity in the area of whitefly
taxonomy based on molecular genetic typing of different
populations. Recent research has shown that insects of
the Bemisia tabaci and Bemisia argentifolii complex can
be sorted into those from the Old World, New World and
a host-race from Benin, Africa, based on thislevel of
analysis. Further examination of this technigque continues,
to determine the taxonomic relationships between
members of the global Bemisia complex.

Studies of endosymbiont-whitefly relationships are
focussing on the role of Wolbachia in whitefly biology,
after its recent discovery in Bemisia. Thisfinding may
have far-reaching conseguences for our understanding of
whitefly biology, and provide new avenues for control
through disruption of whitefly reproductive biology,
though the research isin itsinfancy.

The nutritional physiology of Bemisia is an active area of
research that continues to reveal the many adaptations
that have evolved to enable this insect to survivein
environmentally harsh and nutritionally challenging
environments. Biochemical studies have shown that
sorbitol is synthesized during periods of increased
temperature, providing a thermoprotective role against
heat denaturation of proteins. The major heat shock
proteins produced by Bemisia were identified, and shown
to be synthesized and metabolized more rapidly under
high temperature conditions leading to little accumulation,
but greater activity. Therole of amino acidsin
development and survival of Bemisia was determined for
insects feeding on melon. The concentration of several
amino acid was positively

correlated with whitefly weight, and devel opment.
Whiteflies reared on plants of different development
stages showed that the frequency of long-duration flights
increased as the plants approached senescence. The
impact of nitrogen fertility on Bemisia population
dynamics and honeydew production, were investigated in
cotton and showed that higher rates of nitrogen
application led to greater whitefly densities and higher
densities of honeydew. Research on the mechanisms of
this effect, and the effects on the plant are continuing.

Development of feeding chambers for artificial rearing of
whiteflies and their parasitoids has been successful. Diet
modifications and changes to the hardware has provided
asystem that can support development of Bemisia
whiteflies from egg to adult, and has provided whiteflies
capable of supporting development of Encarsia
parasitoids. The primary motivation isfor development of
an artificial natural enemy rearing system, so researchers
are focussing on maximizing survival of the whitefly
nymphal stages for optimal parasitoid development.

The development of an artificial feeding chamber for use
with Bemisia will facilitate new research into whitefly
physiology and behavior, and especially the role of plant
nutrients and toxins in whitefly-plant interactions. This
technology will be transferred to laboratories across the
US, that will start using this technology, in collaboration
with Dr. Davidson and colleaguesin Arizona. Thisis
expected to facilitate a number of studies that will explore
fundamental and applied questions related to whitefly-
plant interactions.

Ecology and Population Dynamics
Arizonaresearchers continued life table studies to
characterize and quantify mortality factors for immatures
of B. argentifolii on cotton. Predation and dislodgment
accounted for much of the mortality in untreated fields
and survivorship from egg to adult ranged from 0-18.2%
over 6 generations. Parasitism by two genera of native
parasitoids was very low in all fields and never exceeded
4.0% on agenerational basis. Further analysesrevealed
that relatively little mortality from any sourceis
irreplaceabl e suggesting a strong interaction among the
mortality factors that impact immature whitefly
populations. Researchersin California are screening
numerous perennial plants species for their potential to
harbor whiteflies and serve as refugiafor exotic and native
parasitoids. Promising candidates include lavatera, yellow
bells, chuparosa, and blue hibiscus. Texas researchers
have compared stage-specific development, survival, size,
sex ratio and reproductive potential of B. argentifolii on
pole beans and cotton. Researchersin India are studying
the population



dynamics of whitefly and the epidemiology of yellow
mosaic virus on mothbean. Delayed planting lead to
larger whitefly populations and greater incidence of viral
infection. Studies of the population dynamics of B.
argentifolii on pumpkin in Guadel oupe (French West
Indies) indicated that population outbreaks were
associated with hot and dry conditions. Researchersin
Italy examined host preference and reproductive
performance of B. argentifolii on 18 weeds species.
Sonchus ol eraceous and Solanum nigrum were the most
preferred host plants for adult whiteflies and positive
rates of population growth were documented for 10 weed
species. S. nigrumwas identified as areservoir of tomato
yellow leaf curl virusin southern Spain. Researchersin
Costa Rica have demonstrated that the use of living
ground covers (perennia peanuts, cinquillo, and
coriander) reduces colonization of adult whiteflies and
lowers the incidence of Tomato Y ellow Mottle Virus when
whitefly populations are low to moderate in size.

There has been relatively little new activity in the
development of sampling methods and action thresholds
on any host crop. Based on a multistate study, action
thresholds of 5-10 adult whiteflies per leaf were associated
with the greatest net returns for cotton in Arizonaand
California. Work continued on evaluation of areusable
trap for capturing adult whiteflies. Researchersin Arizona
and California examined capture in relation to trap color
and height of trap placement within the crop canopy in
cotton and several other affected crops. Resultsindicate
that lime green, yellow and spring green were the most
preferred color for whiteflies. Further work showed that
the reusable trap was more attractive to whitefly than to
Eretmocerus parasitoids in cotton. Additional work on
sampling and action thresholds for other affected cropsis
urgently needed.

Arizona researchers continued development of sampling
methods for cotton lint stickiness. Comparative
evaluations of manual and high speed cotton stickiness
thermodetector revealed differences in performance.
Fewer sticky spots are counted with the automated
systems and preliminary results suggest that counts are
more variable compared with the manual system. These
finding have important implications for the development
of measurement scales for stickiness and the number of
samples that would need to be collected for the precise
estimation of stickiness. The production of atechnical
bulletin summarizing the sticky cotton problem and
highlighted current research effortsis ongoing. This
technology transfer activity will provide growers and
industry with important information on one of the most
serious issues facing the cotton industry today.

Version 1 of atemperature-dependent, site-specific
population dynamics model of B. argentifolii in cotton
and cantal oupe was completed by researchersin Arizona.
The model is built on aflexible platform and enables users
to specify many of the biological parameters of the
system. Additional refinements, enhancements and field
validation are needed to improve the utility of the model
for predicting whitefly population dynamics under various
management regimes. Many of the studies summarized
above provide useful datathat could be integrated into

the model.

Studies of the dynamics of whitefly and parasitoid
dispersal have continued in Arizonafield crops. The
vertical distribution of whiteflies taking off from melons
was quantified, showing exponential decrease in aerial
density with height. Therole of weather variablesin the
movement of whiteflies into the upper trapsin this study
showed that temperature had the greatest effect on
whitefly elevation. Plant senescence has been shown to
increase the frequency of long-duration migratory flights.
Dispersal by whitefly parasitoidsis being quantified in
both laboratory and field experiments, with the aim of
understanding their capacity for movement from refuges
into crop areas and movement between sequential crops.
Immunol ogical markers have been developed for usein
parasitoid dispersal studies, and field trials of this
technique are ongoing. This research has important
applications to the deployment of biological control
against whitefliesin field crops.

Note:

In addition to the studies summarized above, advancesin
the identification of wax composition and whitefly
hormonal changes during development have been made,
though these are outside the specific objectives of
Section A.



Table A. Biology, Ecology, and Population Dynamics.

Research Approaches

Y ear 1 Goals Statement

Progress Achieved

Yes

No

Significance

Determinelife cycle vulner abilities (life
tables)?, population development and
natural mortality factors, natural
enemies on major crops, urban
plantings, weeds and predict
overwintering potential.

Develop sampling methodology, action
and®* economic thresholds for all major
crops. Sampling methods and
thresholds modified in light of natural
enemy levels and existing management
strategies.

Whitefly and natural enemy sampling in
cultivated crops, urban planting and
weed hosts.

Initiate whitefly to identify spatial and
temporal distributionsin major
cultivated crops.

X

Partial life table analyses have been completed for B.
argentifolii on cotton in Arizona. Natural forces,
including predation and dislodgment are major
mortality factors; parasitism was a minor source of
mortality. Survivorship from egg to adult ranged
from 0-8.5% over 4 generations in sprayed and
unsprayed fields. Studies on wild host cropsin
Israel indicate that parasitoids may contribute to low
levels of whitefly on lantana. Whitefly and natural
enemy populations were monitored in cropping
systemsin the Imperial and San Joaquin Valleys of
Cdlifornia, Maricopa, Arizona and the Rio Grande
Valley of Texas. The spread of B. argentifolii is
being documented in Brazil. Lifetable studies
provide valuable quantitative information on
sources of whitefly mortality; surveys define the
temporal and spatial dynamics of pest and natural
enemy populations. Thisinformation iscritical in
developing and refining more biologically-based
management systems.

Relationships between whitefly density and the
occurrence of tomato irregular-ripening as well as
preliminary sampling plans for whitefly on tomato
have been developed. Evaluations of areusable trap
for surveying adult whitefliesin various crops are
continuing. Studies of the effects of various
insecticides on whitefly natural enemies are
ongoing. Sampling plans and action thresholds are
still needed for a number of affected crops.



Table A. Biology, Ecology, and Population Dynamics. (Continued)

Progress Achieved
Research Approaches Year 1 Goals Statement Yes No Significance

Develop population modelsto describe  Summarize whitefly biology, ecology X Development of large-scale temporal and spatial

and predict whitefly population growth  and plant phenology to identify models and temperature-dependent, site-specific

and spatial and temporal distribution. whitefly host plant interfaces. population dynamics models continues. Such

Develop simple day-degr ee sub-models models have the potential to encapsulate our

for estimating phenology and tempor al current knowledge and provide a framework for

patter ns of whitefly, natural enemies and developing more efficient management systems.

host crops. However, considerable biological and ecological
detail, as well asinformation on various aspects of
pest management is available and needs to be
integrated into these models to make them most
useful as exploratory tools.

Develop sampling methods for quality of Initiate sampling of seed cotton in the X Research has characterized the temporal distribution

cotton lint, vegetables and other field during the season, at harvest, after of honeydew deposition by B. argentifolii in

commodities. picking, moduling and ginning. cotton, improved our understanding of the
relationship between lint stickiness and whitefly
abundance and compared the production of
trehalulose and mel ezitose between nymphs and
adults. Studiesreveal that cotton lint stickinessis
randomly distributed in cotton fields. Preliminary
sampling plans have been devel oped for estimating
pre-harvest cotton lint stickiness. Stickiness
constitutes one of the most important problems
currently facing the cotton industry.

Quantify whitefly and natural enemy Review and analyze existing knowledge X Studies have characterized the aerial distribution of

dispersalsand contribution to population of whitefly dispersal.
dynamics.

whiteflies dispersing from cantal oupe fields and
have examined the trade-offs between oogenesis
and flight activity. Studies on whitefly parasitoid
dispersal are ongoing. Understanding and
predicting the timing and extent of the movement of
whiteflies and their natural enemiesisan important
component in developing areawide management
systems.



TableA. Biology, Ecology, and Population Dynamics. (Continued)

Progress Achieved
Research Approaches Y ear 1 Goals Statement Yes No Significance

Define mating behavior, reproductive Initiate studies on mating, oviposition X Surveys worldwide continue to document the

isolation, species, biotypes. and other behavior. spread of B. argentifolii. Electorphoretic analyses
demonstrate the presence and extent of this pest in
throughout Australiaand Brazil. B. argentifolii
appears to be displacing B. tabaci Biotype A in
Brazil and is having alarge impact on agricultural
production through direct feeding and geminivirus
transmission. Reports of heterozygotes between B.
argentifolii and the extant Australian type of B.
tabaci corroborates previous laboratory and
highlight the taxonomic challenges within the
Bemisia species complex.

Validate Bemisia taxa mor phology, Continue examination of Bemisia sp. for X Comparative morphol ogical analyses have been

genetic, biochemical, and biology distinct morphological character completed on Bemisia pupae from around the world.

characteristics. differences. Several of these characters are highly variable
among popul ations suggesting that pupal
morphology should not represent the sole criteria
for classifying individual s within the Bemisia
species complex.

Definerole of endosymbiontsin Identify endosymbiontsin whitefly. X The effects of antibiotics on the biology of B.

metabolism, host adaptation, nutrition argentifolii have been examined. Several antibiotics

and survival. that interfere with bacteria protein synthesis
affected growth and development of immatures, but
none affected oviposition rates or sex ratio. Results
have important implications for the use of
antibiotics to disrupt the function of whitefly
endosymbionts and other associated microbes as
potential control methods.



Characterize nutrient uptake and
metabolism

Determine the process of uptake and
metabolism of carbohydrates, amino
acids and other nutrients.

High levels of a polyol, sorbitol, were associated
with elevated ambient temperatures. Sorbitol may
function as a thermoprotectant in whiteflies that
enables them to thrive in desert environments. The
pathway of sorbitol synthesis and degradation in B.
argentifolii is unique and may offer and avenue to
develop transgenic plants which could disrupt
sorhitol synthesis and compromise the whiteflies
ability to deal with heat stress.



Table A. Biology, Ecology, and Population Dynamics. (Continued)

Progress Achieved
Research Approaches Year 1 Goals Statement Yes No Significance
Develop whitefly artificial dietsand I dentify whitefly nutritional X An artificial diet and feeding system for rearing
natural enemy mass-rearing. componentsin plant tissue. immatures of B. argentifolii has been devel oped.

Rates of development of individual instars were
comparable to those estimated on various host
plants. The feeding system has proven to be a
useful bioassays for examining diet components and
for studies of primary metabolism based on defined
diets, and has the potential to provide a means of
mass rearing whitefly parasitoids.

& Natural enemy research complements from Section D, see Table D.
® Action and economic thresholds also apply in Section C, see Table C.
¢ Sampling technology applicable to all other sections, see TablesB to F.



Table A. Biology, Ecology, and Population Dynamics.

Research Approaches Y ear 2 Goals Statement

Progress Achieved

Yes

No

Significance

Determinelife cycle vulner abilities (life Determine potential of intercrop weed host
tables)?, population development and & urban planting, movement of whiteflies
natural mortality factors, natural enemies and natural enemies.

on major crops, urban plantings, weeds

and predict overwintering potential.

Develop sampling methodology, action Analysis and identification of needed
and®* economic thresholds for all major additional sampling research to develop
crops. Sampling methods and thresholds  appropriate sampling protocol.
modified in light of natural enemy levels

and existing management strategies.

X

Life table studies continued to characterize
and quantify mortality factors for immatures
of B. argentifolii on cotton. Predation and
dislodgment accounted for much of the
mortality in untreated fields and survivorship
from egg to adult ranged from 0-18.2% over 6
generations. Several perennial plants species
show potential to serve as refugiafor exotic
and native parasitoids. Life history and
reproductive potential has been studied on
various crop and weed hostsin the US and
Italy. Whitefly population dynamics and
virusincidence has been examined in
cropping systemsin Costa Rica, Indiaand
Guadaloupe. These ecological and biological
studies form the foundation of effective pest
management strategies.

A  multistate study determined action
thresholds for cottonin Arizona and California.
Evaluations of areusable trap for surveying
adult whitefliesin various crops are
continuing. Studies of the effects of various
insecticides on whitefly natural enemies are
ongoing. Sampling plans and action
thresholds are still needed for a number of
affected crops.



Table A. Biology, Ecology, and Population Dynamics. (Continued)

Progress Achieved
Research Approaches Y ear 2 Goals Statement Yes No Significance
Develop population modelsto describeand Begin model development to include all X Thefirst version of atemperature-dependent,

predict whitefly population growth and biological and plant phenology datain
spatial and temporal distribution. Develop simulation development.

simple day-degree sub-models for

estimating phenology and tempor al

patter ns of whitefly, natural enemiesand

host crops.

site-specific population dynamics model of B.
argentifolii in cotton and cantaloupe was
completed. Additional refinements,
enhancements and field validation are needed
to improve the utility of the model for
predicting whitefly population dynamics
under various management regimes and
environmental conditions. In general,
considerable biological and ecological data
are available and need to be integrated into
these models to make them most useful as
exploratory tools.



Table A. Biology, Ecology, and Population Dynamics. (Continued)

Progress Achieved
Research Approaches Y ear 2 Goals Statement Yes No Significance

Develop sampling methods for quality of Based on year 1 results, expand and X Comparative evaluations of manual and high speed

cotton lint, vegetables and other repeat sampling protocols as described. cotton stickiness thermodetector reveal ed

commodities. differences in performance that have important
implications for the devel opment of measurement
scales for stickiness and the number of samples that
would need to be collected for the precise
estimation of stickiness. Research on quality-
related problemsin other affected cropsis needed.

Quantify whitefly and natural enemy Validate times of whitefly dispersal, X Studies on whitefly and parasitoid dispersal are

dispersalsand contribution to population environmental factors and identify ongoing in the desert southwest. Understanding

dynamics. modifying factors. and predicting the timing and extent of the
movement of whiteflies and their natural enemiesis
an important component in developing areawide
management systems.

Define mating behavior, reproductive Define interspecies interbiotype mating X Research continues on the role of reproductive

isolation, species, biotypes. interactions. isolation in the formation of species and biotypes,
using insects from around the globe. There has
been little detailed study of mating behavior per se,
and its relevance for mating incompatability.

Validate Bemisia taxa mor phology, Develop genetic molecular level and X Molecular characterization of the global whitefly

genetic, biochemical, and biology acceptable species level separation. complex is ongoing to clarify the taxonomic

characteristics. rel ationships between Bemisia whitefly populations.
The whitefly karyotype has been determined and is
an important development in our understanding of
whitefly reproduction.

Definerole of endosymbiontsin Determine role of endosymbiontsin X The discovery of Wolbachia endosymbiatic

metabolism, host adaptation, nutrition
and survival.

whitefly biological functioning.

bacteriain whitefliesis a new development that has
significant implications for development of control
strategies targeting the reproductive biology of
whiteflies.



Table A. Biology, Ecology, and Population Dynamics. (Continued)

Research Approaches Y ear 2 Goals Statement

Progress Achieved
Yes No

Significance

Characterize nutrient uptake and Determine the biochemical pathways
metabolism for metabolism of compounds essential
for whitefly development.

Develop whitefly artificial dietsand Develop whitefly artificial feeding
natural enemy mass-rearing. systems.

X

Fndamental questions about the nutritional
physiology of whiteflies are being answered with
the aid of artificial diets. Biochemical pathways for
carbohydrate metabolism and polyol synthesis have
been determined. Metabolism of plant toxinsis
being studied to assesss the ability of Bemisia to
detoxify plant deterrent compounds. The role of
nitrogen fertilization in whitefly-cotton interactions
was determined in field trials.

Development of an artificial feeder for whiteflies that
will support development from egg to adults has
been successful, and improvements continue to
increase the proportion of Bemisia adults produced.
This system has been tested for its effectiveness at
supporting parasitoid wasp development, and adult
Encarsia have been successfully produced in this
system. Further research is needed to optimize the
system for both whitefly and parasitoid

development.

& Natural enemy research complements from Section D, see Table D.
® Action and economic thresholds also apply in Section C, see Table C.
¢ Sampling technology applicable to all other sections, see TablesB to F.



Reports of Research Progress

Section B: Viruses, Epidemiology, and Virus-Vector Interactions
Co-Chairs: Robin N. Huettel and Bob Gilbertson

Investigator’s Name(s): Hamed Doostdar, Moshe Inbar, & Richard T. Mayer.
Affiliation & Location: U.S. Horticultural Research Laboratory, USDA, ARS, 2120 Camden Rd., Orlando, FL 32803-1419.
Research & Implementation Area: Section B: Viruses, Epidemiology, and Virus-Vector Interactions.

Dates Covered by the Report: January 1 - December 31, 1998

Effects of Tomato Mottle Virus I nfection on Tomato Root Development

The effects of tomato mottle virus infection on the root development of tomato seedlings, Lycopersicon esculentum was
investigated. Individual tomato seeds were planted in pots containing Metro Mix potting mixture containing no fertilizer.
Pots were watered with 50 ml solutions of;; A) fertilizer (9:45:15; N:P.K; 3.2 g/L); B) KeyPlex 350DP (5 ml/L); C) fertilizer +
KeyPlex 350DP; at planting and then every two weeks for the duration of the experiment. Plants were separated into three
sets (5 plants of each treatment per set), placed into enclosed cages and maintained in an environmental chamber at 26EC,
45% humidity and 12 h light/dark cycle. At the four leaf stage (three weeks after planting) 300 virus-free adult whiteflies,
Bemisia argentifolii (WF) were introduced in to one of the cages (SET 1), the same number of viruliferus WF were added to
the second cage (SET 2), and the third cage was maintained WF-free (SET 3). Plants were watered every other day with 50 ml
of water during the course of the experiment. Three weeks post infestation visual symptoms of virus infection were detected
in some of the plants, at which time the experiment was terminated. Plants were carefully removed from the pots, cleaned and
the shoot and roots were weighed. Root and leaf samples were collected and the levels of chitinase, $-1,3-glucanase,
peroxidase, lysozyme, and total phenolics were determined. No significant variation in the shoot weights (18 + 1.3 g) was
observed for the three SETs of treatment A plants. However, virus-infected plantsin this treatment showed a 70% (P < 0.01)
root |oss compared to the other two SETs. Due to the lack of fertilizer the average weights of the shoots of treatment B plants
were significantly less than those of treatment A (6.8 £ 0.3 g), but virusinfected plants showed no reduction in root weights
compared to plants from the other two SETs. Virusinfected treatment B plants showed no visual signs of virus infection.
Treatment C plants, exhibited only slight viral symptoms. The average weights of the shoots of treatment C plants (16.4 + 1.1
g) were comparable to those of treatment A. But, the plants exposed to virus exhibited only a 38% reduction in root weight (P
< 0.01) compared to the other two SETs. The levels of defensive proteins and total phenolics varied considerably in the roots
and leaves depending on treatment and WF exposure. However, in all three SETs of both treatments B, and C, The level of
root $-1,3-glucanase activity was significantly higher compared to plantsin treatment A.

These results indicate that tomato mottle virus infection has an adverse effect on root development in tomato plants causing
eventual severe decline and epinasty in infected plants. Addition of specific micro-nutrients (KeyPlex 350DP) to the soil
appear to reduce this effect and allow the plants to tolerate infection.



Investigator’s Name(s): Dale B. Gelman', Michael B. Blackburn?, Jing S. Hu, & Jo-Ann Bentz2

Affiliation & Location: *Insect Biocontrol Laboratory, ARS-USDA, Beltsville, MD; 2Floral and Nursery Plants Research Unit,
ARS-USDA, Béltsville, MD.

Research & Implementation Area: Section B: Viruses, Epidemiology, and Virus-Vector Interactions.

Dates Covered by the Report: 1998

Characterization of Fourth Instar Greenhouse Whiteflies, Trialeurodes vaporariorum
Developmental Markersand Ecdysteroid Fluctuations

A system of markers was devised to characterize the development of fourth instar T. vaporariorum. Measurement of body
depth combined with size and color of the developing adult whitefly eye were used to divide the instar into ten stages. When
reared on salvia, tomato or sunflower at LD 16:8 and 26.1°C, body thickness of 4" instars increased to reach a maximum of 0.3-
0.02 mm in stage-5 larvae. Adult eye development was first observed at stage 6. The eye which previously had been a
pinpoint became slightly diffuse. At stage 7, the eye was more diffuse and at stage 8, it became the bipartite solid red
structure typically associated with the ‘pupa’ stage. Ecdysteroid (molting hormone) levels of methanolic extracts of whitefly
homogenates were determined by radioimmunoassay. The range of detection of the assay was 50-5000 picograms.

Ecdysone, 20-hydroxyecdysone, 26-hydroxyecdysone, 20,26-dihydroxyecdysone and makisterone A had a high affinity for
the antiecdysone antibody and thus, could be detected readily. In extracts prepared from whole body homogenates of
between 15 and 55 whiteflies, ecdysteroid was undetectable. It was expected that ecdysteroid titers would have peaked in
stage-5 insects, just prior to the onset of adult development which had been observed to occur at stage 6.

Histological studies suggested that apolysis (the separation of the larval cuticle from the epidermis) probably occurs after the
whitefly body has grown to maximum thickness and just prior to the beginning of eye development, i.e., in stage-5 4™ instars.
Typically, in preparations of stage 6 or older 4" instars, the larval cuticle was either separated from the epidermis or had
become detached during processing. Thus, apolysis, had probably occurred prior to this stage. In addition, in stage-6 4"
instars, the wing buds were observed to have undergone considerable development, i.e., folding. By stage 7, spines were
observed on the new cuticle, indicating that adult cuticle was well-formed by this stage. Results for Bemisia argentifolii 4"
instars were similar.



Investigator’s Name(s): Wayne Hunter, Anand Persad, Maoshe Inbar, Hamed Doostdar, & Richard T. Mayer.
Affiliation & Location: U.S. Horticultural Research Laboratory, USDA, ARS, 2120 Camden Rd., Orlando, FL 32803-1419.
Research & Implementation Area: Section B: Viruses, Epidemiology, and Virus-Vector Interactions.

Dates Covered by the Report: January 1 - December 31, 1998

Geminivirus-Mediated | nter specific Competition Between Whitefliesand Other I nsects

This study examined the possibility of an induced response caused by a Begomovirus infection, and its effect on the

systemic acquired response due to whitefly feeding. The combined interaction of whitefly feeding and virus infection of the
host plant may provide a biologically significant advantage to whiteflies over other insect herb-ivores trying to utilize the
sameresources. The effects of an induced plant response by the infection of the Begomovirus tomato mottle virus, ToMoV,
in tomato, on the feeding and development of the corn earworm, Helicoverpa zea, the leafminer Liriomyza trifolii, and the
whitefly, Bemisia tabaci (Gennadius), B-biotype, are reported. Corn Earworm: The relative growth rate of H. zea larvae, late
second instar, was significantly reduced when fed on leaves from the treatment of whitefly-infested, virus-infected tomatoes.
However, H. zea growth rate was not significantly different when fed on either treatment of leaves from non-infested, virus-
free tomato, versus whitefly-infested, virus-free tomato. Virusinfection of the host plant appeared to negatively affect
herbivore competition, producing conditions unfavorable to H. zea. Observations suggested that H. zea larvae consumed
more of the virus-infected leaf material than those fed leaves from virus-free plants. This may have been due to the reduced
quality of the food source. Whitefly: Oviposition was recorded on al three treatments, on newly emergent leaves of plants
on days 10 and 30 postinfestation. At the 10 d sampling, there were significantly more eggs oviposited on the control
treatments than on plants which had both a whitefly-infestation and virus-infection. At 30 d there were significantly more
eggs oviposited on the control plants, over both other treatments, but there was no significant difference in the number of
eggs produced between either treatment which had a whitefly infestation on tomato, whether the plants were virus-free, or
virus-infected. There was an overall reduction in eggs oviposited on older plants regardless of treatment. Leafminer:
Acceptability to leaf miner, Liriomyza trifolii, was based on oviposition and feeding punctures/cm? recorded on leaves of
tomato, L. esculentum at 30 days post whitefly infestation. This was conducted in arandom choice experiment in a growth
chamber. There was a significant difference among all three treatmentsin the number of oviposition and feeding punctures
with the greatest number recorded on the non-infested, virus-free tomatoes (465 punctures, g-value = 6.761, P = 0.000), next
on the whitefly-infested, virus-free tomatoes (125 punctures, g-value = 11.940, P = 0.000), with the lowest number recorded on
the whitefly-infested, virus-infected tomatoes (31 punctures, g-value = 3.395, P = 0.003) (%= 0.05). PR-Proteins. Of the PR-
proteins measured, peroxidase, lysozymes, glucanase, and phenolic acid, only peroxidase showed a significant increase with
time. Plant tissues were sampled on days 10, 20, and 30 post whitefly infestation. The relative mean concentration (delta

A ,/min/g tissue) for levels measured in the controls, non-infested, virus-free tomatoes, showed low constant levels for
samples taken on day 10, and 20, with a small, but significant increase on day 30, which was approximately double the
previous levels. Levelsfrom the whitefly-infested, virus-free tomatoes, showed a significantly greater level on day 10,
approximately three-times the levels of the control and almost twice that of the other treatment (whitefly/virus), but levels
dropped when sampled on day 20 becoming comparable to the control plants. However, on day 30 peroxidase levels were
again significantly highest among all treatments increasing approximately three-fold previous levels. The treatment of
whitefly-infested, virus-infected tomatoes, showed significantly different levels on day 10 being between the levels of the
other two treatments, the control being the lowest. On day 20, levels were significantly greater being approximately twice the
level at day 10, and this level was maintained to sampling on day 30. The relative mean concentration of phenolic acid
(microgram Tannic acid equivalent/ g dry tissue) present in L. esculentum, showed an age effect. There was a significant drop
in phenolic acid levels across all treatments when sampled on day 20, levels remained at this reduced level through to the last
day sampled. The relative mean concentration of lysozyme (delta A..,/min/g tissue) in L. esculentum sampled on days 10, 20,
and 30, showed no significant difference in lysozyme levels. The relative mean concentration of Beta-1-3-glucanase (micro-
mol Glc/min/microgram tissue) present in L. esculentum sampled at 10, 20, and 30 days showed slight variations, but were not
significantly different among treatments over time.



Investigator's Name(s): L. P. Sharp, Y. M. Hou, E. R. Garrido-Ramirez, P. Guzman, & R. L. Gilbertson.
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Synergistic Interactions Among Components of Whitefly-Transmitted Geminiviruses

A replication-competent Begomovirus (whitefly-transmitted geminivirus) DNA-A component (referred to as chino-A) was
cloned from tomatoes with symptoms of chino del tomate disease from Sinaloa, Mexico. Therole of chino-A in chino del
tomate disease was investigated by co-inoculating chino-A aone or in combination with the cloned DNA components of two
tomato-infecting begomoviruses, pepper huasteco (PHV) and tomato leaf crumple (TLCrV), into Nicotiana benthamiana,
tomato, and pepper plants. The chino-A component alone was not infectious. In combination with PHV, chino-A was
infectiousin al three hosts, and plants infected with this combination had more severe symptoms than plants infected with
PHV aone. Furthermore, the symptomsin tomato and N. benthamiana plants infected with PHV +chino-A were similar to
those associated with chino del tomate disease. |n combination with TLCrV, chino-A was infectious only in N. benthamiana
and no increase in symptom severity was observed. Together, these results demonstrate a novel synergistic interaction
between chino-A and PHV, and provide evidence that chino del tomate disease may be caused by a complex of geminivirus
components.



Investigator's Name(s): Cica Urbino!, Marie-Line Caruana?, Nicolas Sauvion,* & Claudie Pavis'.
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Potato Yellow Mosaic Virus (PYMV) on Tomato in Guadeloupe:
Characterization of the Virusand its Vector

Since 1989 in Guadeloupe, tomato fields have been infested by a geminivirus disease. At the sametime, severe whitefly
outbreaks were recorded.

Four viral isolates were collected and maintained in greenhouse by vector then grafting to tomato in order to conduct a
biological (graft, mechanical and vector transmission, host range) and molecular (PCR, RFLP, hybridization) characterization
of thevirus. The viral isolates were transmitted by stem grafting to tomato, tobacco, datura, potato and sweetpepper.
Mechanical and vector transmission were obtained on tomato. Cloning and sequencing of an isolate (Polston et al., 1998) led
to the identification of a bipartite geminivirus already known as potato yellow mosaic virusin Venezuela, Trinidad, and Puerto
Rico.

The vector was identified as Bemisia tabaci B biotype, using isoenzyme (esterases) electrophoresis, PCR and silverleaf
symptom induction. Virus transmission studies showed that in the population raised in the laboratory, 25% of adults transmit
the virus from tomato to tomato. Female are twice more efficient than males.

Field experiments revealed that yield losses caused by PYMYV reach 40% on a susceptible variety when 4 week-old tomato
plants were infected and could be higher if plants were younger. No yield loss occurred on 9 week-old inoculated plants.
The use of pesticides to reduce the vector population did not allow to limit the spread of the disease in fields with high viral
pressure conditions.

Specific tools as primers and probe are now devel oped for the detection of PYMV. They will be used to determine the virus
reservoirsin natural conditions and to evaluate the level of resistance in tomato genotypes. Cloning and sequencing of viral
isolates are in progress to estimate the variability of the virus in Guadel oupe.

Polston J. E., D. Dubois, G. Ano, F. Poliakoff & C. Urbino, 1998. Plant Disease, 82 (1): 126.



Research Summary

Section B: Viruses, Epidemiology,
and Virus-Vector Interactions

Compiled by R. Gilbertson

B.1. Identification and characterization of new or emerging
whitefly-transmitted viruses and strains.

Bemisia tabaci and B. argentifolii are vectors of
numerous geminiviruses as well as at least one
closterovirus, lettuce infectious yellows. Interms of
economic importance, the geminiviruses are presently the
most important group of plant viruses transmitted by
these whitefly species. Interestingly, B. argentifolii isa
particularly inefficient vector of LI1YV, and the
displacement of B. tabaci by B. argentifolii in southern
Cdliforniahas led to a striking reduction in the incidence
of LIYV.

The Geminiviridae family comprises a group of viruses
that possess single-stranded DNA genomes and a unique
twinned icosahedral virions. It has been previously noted
that geminiviruses can be subdivided into three
subgroups on the basis of insect vector, plant host and
genome properties. Thus, subgroup | geminiviruses are
leafhopper-transmitted, infect monocot hosts and possess
amonopartite genome. Subgroup 11 geminiviruses are
|eaf hopper-transmitted and possess a monopartite
genome, but infect dicot hosts. Subgroup 111
geminiviruses are whitefly-transmitted, infect dicot plants
and most members possess a bipartite genome composed
of two similarly sized DNAsreferred to as DNA-A and
DNA-B. One notable exception istomato yellow leaf curl
geminivirus, which is subgroup I11 geminivirusthat is
whitefly-transmitted and infects dicots but posesses a
monopartite genome. Recently, the nomenclature of this
group of viruses has been changed such that the
subgroup designations have been changed to genera,

with the genus names derived from the type member of
each subgroup. Thisissummarized below:

Family Geminiviridae

Genus Mastrevirus (old subgroup I; from maize streak
geminivirus)

Genus Curtovirus (old subgroup I1; from beet curly top
geminivirus)

Genus Begomovirus (old subgroup 111, from bean golden
mosaic geminivirus)

The most significant development in the virus area has

been the introduction of TYLCV into Florida. TYLCV was

introduced into Floridain 1997, and it has rapidly spread
throughout the state. The rapid spread of the virus has
been associated with infection of transplantsin nurseries.
In thefield, theincidence of TYLCV has been correlated
with high populations of whiteflies. Extensive efforts are
underway to determine the host range of TYLCV, and it

has been detected in Lisianthus, petunia and common
bean. Because Florida has a significant petunia transplant
industry, TYLCV could have asignificant impact on
export of petuniasto other states.

A second interesting finding was the presentation of
evidence that a complex of geminivirus components,
derived from two different begomoviruses, can cause
more severe disease symptoms than one of the viruses
aone. Thissynergistic interaction involved three
geminivirus DNA components that were cloned from
tomato plants with chino del tomate disease (pepper
huasteco geminivirus [PHV] DNA-A and DNA-B and
another distinct DNA-A component, chino-A). Disease
symptoms induced in three hosts (Nicotiana
benthamiana, tomato, and pepper) by PHV plus the
chino-A were much more severe than symptoms induced
by PHV aone. These results establish that (i) chino del
tomate disease may be caused by a complex of
geminivirus components, (ii) that complexes of
geminivirus components can dramatically influence
disease symptom expression and (iii) that identification of
geminiviruses based on disease symptoms aloneis
difficult.

B.2. Molecular epidemiology: Identification of economic
viruses, plants, and reserviors, and determination of
geographic distribution of viruses.

Molecular tools are being used to study how TYLCV
survives in the Dominican Republic during the three
month whitefly host-free period. Using a polymerase
chain reaction test to determine the relative contamination
of whiteflieswith TYLCV, it was found that by the end of
the tomato-growing season, TYLCV was readily detected
in whiteflies collected from all tomato fields tested.
However, within one month of the implementation of the
host-free period, the amount of virus detected in
whiteflies collected from plants surrounding tomato fields
decreased tremendously. By the end of the host free
period, little or no virus was detected in whiteflies. These
results suggest that whiteflies themselves are not likely to
be the primary way in which the virus survives during the
host-free period. Weeds and other plantsin and around
fields during the host-free period were then collected and
tested for TYLCV using PCR. A number of weeds were
found to be symptomless carriersof TYLCV. These
results suggest that such symptomless hosts may be the
primary way that the virus survives during the host-free
period.

B.3. Virus-vector interactions, factors affecting virus
transmission, and basis for virus-vector specificity:
determination of endosymbiont involvement in white fly-
mediated transmission.

There were no updates in this area.

B.4. Strategies to reduce virus spread by management of
cropping systems, reduced transmission frequencies, and



other potentially effective approaches.

The whitefly host-free period continues to result in a
dramatic decrease in the incidence of TYLCV inthe
Dominican Republic. Tomatoes planted shortly after the
end of the host free period do not get infected until latein
the season and produce acceptable yields. Combined

with the use of insecticides and TYLCV-tolerant lines later
in the season, the processing tomato industry in the
Dominican Republicisreturning to pre-TYLCV levels of
production.

In CostaRica, living covers (such as coriander and
perennial peanuts) and silver plastic mulch were found to
reduce the incidence of tomato-infecting geminivirusesin
plants where virus pressure was low. These covers were
less effective where virus pressure was high. Thus, living
covers and/or silver plastic represent a promising
management tool, but one that needs to be used in
combination with other practices that lead to reduced
inoculum pressure.

B. 5. Control of virus diseases; development of virus
resistant germplasm through conventional and
engineered/molecular approaches. Define prospective
strategies for selecting candidate viruses, identifying
specific virus diseases to target, and prioritize specific
crops and cultivars for protection approaches.

Efforts to screen cotton varieties for resistance to cotton
leaf crumple geminivirus (CLCrV) continued. Cotton
varieties were screened under field conditionsin the
Imperial Valley of Californiafor resistanceto CLCrV.
Resistance was evaluated on the basis of symptom
development and detection of viral DNA by a polymerase
chain reaction test. A number of potentially resistant
lines were detected, in particular line C95-387, which
showed no symptoms of infection and in which no viral
DNA was detected. Two other lines, C95 483 and C95 383
also showed potential resistance to CLCrV.

In anumber of locations efforts are underway to identify
tomato germplasm that isresistant to TYLCV and/or well
asto develop genetically engineered tomatoes with
resistanceto TYLCV.

Research approach 6. Pursue specific genetic and
biological basisfor variability in whitefly biotypes,
strains, and species; determine impact of different
genotypes/phenotypes on whitefly-mediated
transmission and on the epidemiology of virus diseases.

Progress: There were no updates in this area.



TableB. Viruses, Epidemiology and VirusVector Interactions.

Research Approaches

Y ear 1 Goals Statement

Significance

I dentification and characterization of
new or emer ging whitefly-transmitted
viruses and strains.

Molecular epidemiology: identification
of economic viruses, host plants, and
reservoirs, and determination of
geographic distribution of viruses.

Monitor crops for presence of whitefly-
transmitted diseases, and determine

relative disease incidence. Begin virus
identification and strain differentiation.

Monitor and identify host plants, virus
reservoirsin affected areas. Linkages
to diagnostic methods for virus ID and
tracking.

Progress Achieved
Yes No
X
X

Rapid techniques are available for identification and
characterization of geminiviruses through
sequencing of PCR-amplified viral DNA fragments.
This approach was used to show 98% sequence
identity between the tomato yellow leaf curl gemini
virus (TYLCV) from the Dominican Republic and an
Eastern Mediterranean virus strain indicating that
the virus was probably introduced on tomato
transplants from the Eastern Mediterranean area
The use of such sequences in comparisons of
viruses are important in establishing their
relatedness and origin. Several other assays are
available for rapid detection of geminiviruses such
as dot blot and squash blot hybridization analysis.

The use of squash blot analysisusinga TYLCV-
specific DNA probe to assess the role of weeds as
hosts in the Dominican Republic showed that they
were not infected with TYLCV and not significant
molecular sources for thevirus. TYLCV newly
discovered in Florida was also 98% identical to the
Dominican Republic strain. Geminiviruses, are
known throughout the world and distinct viruses
are known to occur in many countries. For instance,
tomato mottle virus ToMoV) was first detected in
Floridain 1989 and is thought to have originated
from that state.



TableB. Viruses, Epidemiology and VirusVector Interactions. (Continued)

Research Approaches

Year 1 Goals Statement

Significance

Virus-vector interactions, factors
affecting virustransmission, and basis
for virus-vector specificity;
determination of endosymbiont
involvement in whitefly-mediated
transmission.

Strategiesto reduce virus spread by
management of cropping systems,
reduced transmission frequencies, and
other potentially effective approaches.

Initiate studies on virus-vector
interactions and on basis for the
specifcity of whitefly-mediated
geminivirus transmission.

Develop approaches to managing
cropping systems to reduce vector
densities to decrease transmission
frequency and inoculum sources,
taking into account weed and crop
reservoirsin disease incidence and
distribution.

Progress Achieved
Yes No
X
X

Studies on feeding duration and position has
demonstrated differences in aphids and whiteflies.
These differences may determine why some
geminiviruses are transmitted by one group and not
the other. The use of the autoflourescent GFP gene,
in tracking the virus movement and replication in
plantsindicated that a cell to cell movement of the
virus occurred and the virus was not phloem limited.
Understanding the movement of the virusin terms
of insect feeding behavior may play arolein
developing resistant varieties.

Host-free practices used in the Dominican Republic
for TYLCV have been successful in reducing the
incidence of thisdisease. In Florida, management of
whiteflies with insecticides, field sanitation, and
clean transplants has reduced the incidence of
ToMoV. Inwhitefly reduction studies using
biological control based IPM, there was a 10%
reduction in geminivirusesin squash (See Table D).



TableB. Viruses, Epidemiology and VirusVector Interactions. (Continued)

Progress Achieved
Research Approaches Year 1 Goals Statement Yes No Significance
Control of virusdiseases. development  Define strategies for resistance efforts. Resistance to the geminivirus, bean dwarf mosaic
of virusresistant germplasm through Identify target viruses. Identify virus (BDMV), was found in ?Pinto? bean variety,
conventional and engineered/ molecular  germplasm with virus resistance. Othello. Using the GFP gene as amarker, virus
approaches. Define prospective Initiate efforts toward defining infection in this variety was compared with that in a
strategiesfor selecting candidate prospective engineered resistance susceptible variety. In theresistant variety, there
viruses, identifying specific virus strategies. Identify candidate crops was a collapse of tissue at the infection site and
diseasesto target, and prioritize specific and recipient cultivars. continuing necrosis in the vascular areas indicating
cropsand cultivarsfor protection ahypersensitive reaction to the virus. The gene(s)
appr oaches. involved in this response may be a source of
resistance to this virus either through conventional
breeding efforts or by identifying the gene(s)
involved. In cotton, some resistance to the cotton
leaf crumple virus was reported (See Table F).
Pursue specific genetic and biological Identify differencesin species, strains No reportsin this area.

basisfor variability in whitefly biotypes, and biotypes with respect to

strains, and species; deter mine impact transmission, host range, mating

of different genetypes/phenotypes on compatabilities, molecular variability,

whitefly-mediated transmission and on  and map the biogeographic distribution

the epidemiology of virus diseases. of distinct types within the B. tabaci
species complex.




TableB. Viruses, Epidemiology and VirusVector Interactions.

Progress Achieved
Research Approaches Y ear 2 Goals Statement Yes No Significance
Identification and char acterization of Virusidentification and X 1. Significant progress has been made in the
new or emer ging whitefly-transmitted characterization. Develop methods for detection and characterization of tomato yellow |eaf
viruses and strains. identifying causal agents and for curl geminivirusin Florida. A comprehensive
tracking viruses and strains using survey of theincidence and distribution of TYLCV
molecular methods. has been made.

2. Evidence has been obtained of a synergistic
interaction among three geminivirus DNA
components associated with chino del tomate
disease of tomato (pepper huasteco geminivirus
[PHV] DNA-A and DNA-B and another distinct
DNA-A component, chino-A). Here, the disease
symptoms induced in three hosts (Nicotiana
benthamiana, tomato, and pepper) by PHV plusthe
chino-A are much more severe than symptoms
induced by PHV aone. These results establish that
(i) chino del tomate disease may be caused by a
complex of geminivirus components, (ii) that
complexes of geminivirus components can
dramatically influence disease symptom expression
and (iii) that identification of geminiviruses based
on disease symptoms alone is difficult.

3. Tomato geminivirus diseases in Guadeloupe are
caused, at least in part, by astrain of potato yellow
mosaic geminivirus (PYMV).



TableB. Viruses, Epidemiology and VirusVector Interactions.

Progress Achieved
Research Approaches Year 2 Goals Statement Yes No Significance
Molecular epidemiology: identification of Continue field studies. Determine X 1. The spread of TYLCV in Florida has been extensively

economic viruses, host plants, and reservoirs,
and deter mination of geographic distribution of
Viruses.

economic input of diseases on crop
production and associated |osses.

documented. The virus has been disseminated
throughout the state, including some northern counties.
The highest incidences of TYLCV have been correlated
with high popul ations of whiteflies. Extensive host
range studies are being conducted with TYLCV in
Florida, and TYLCV has been found to infect and cause
disease in petunia and common bean. Detection in
petunia could have serious implications in terms of
exporting this ornamental plant.

2. Effortsare being conducted to understand how
TYLCV survivesin the Dominican Republic during the
three-month whitefly host-free period. Using a
polymerase chain reaction test to determine the relative
contamination of whiteflieswith TYLCV, it was found
that by the end of the tomato-growing season, TYLCV
was readily detected in whiteflies collected from all
tomato fields tested. However, within one month of the
host-free period, the amount of virus detected in
whiteflies collected from plants surrounding tomato
fields decreased tremendously. By the end of the host
free period, little or no virus could be detected in
whiteflies. These results suggest that whiteflies
themselves are not likely to be the primary way in which
the virus survives during the host-free period. Weeds
and other plantsin and around fields during the host-
free period were then collected and tested for TYLCV
using PCR. A number of weeds were found to be
symptomless carriers of TYLCV. These results suggest
that such symptomless hosts may be the primary way
that the virus survives during the host-free period.



TableB. Viruses, Epidemiology and VirusVector Interactions. (Continued)

Progress Achieved
Research Approaches Y ear 2 Goals Statement Yes No Significance
Virus-vector interactions, factors Determine specific cellular and X Strategies to reduce virus spread by management of
affecting virustransmission, and basis  molecular factorsinvolved in virus cropping systems, reduced transmission
for virus-vector specificity; transmission. Study role of frequencies, and other potentially effective
determination of endosymbiont endosymbiontsin virus acquisition and approaches. Continue studies of management
involvement in whitefly-mediated transmission. approaches for disease abatement. Interdisciplinary
transmission. studiesin conjunction with whitefly control
methods in Sections B and C.
Strategiesto reduce virus spread by Continue studies of management X In Costa Rica, experiments conducted using living

management of cropping systems,
reduced transmission frequencies, and
other potentially effective approaches.

approaches for disease abatement.
interdisciplinary studiesin conjunction
with whitefly control methodsin
Sections B and C.

covers (such as coriander and perennial peanuts)

and silver plastic mulch demonstrated that these
strategies reduced the incidence of geminivirus
infection of tomato under moderate whitefly/
geminivirus pressure, but not under high pressure.
Thus, living covers and/or silver plastic represent a
promising management tool, but one that needs to
be used in combination with other practices that

lead to reduced inoculum pressure. In the

Dominican Republic, the mandatory whitefly host-
free period continues to provide an effective
management tool for TYLCV. Thereisalag period of
approximately one-month after planting tomatoes
before TYLCV appears and this lag period allows for
early-planted tomatoes to provide good yields. This
strategy, together with the use of insecticides and
tolerant varieties for late season planting, have
alowed for the almost complete recovery of the
processing tomato industry in the Dominican
Republic.



TableB. Viruses, Epidemiology and VirusVector Interactions. (Continued)

Progress Achieved
Research Approaches Y ear 2 Goals Statement Yes No Significance
Control of virusdiseases: development  Continue to define suitable strategies X 1. Cotton varieties have been screened under field
of virusresistant germplasm through for determining target viruses. Isolate conditionsin the Imperial Valley of Californiafor
conventional and engineered/molecular  and characterize virus-resistant resistance to cotton leaf crumple geminivirus
approaches. Define prospective germplasm. Continue work toward (CLCrV). A number of lineslooked promising,
strategiesfor selecting candidate engineered resistance in target crops particularly C95-387, which showed no symptoms of
viruses, identifying specific virus and selected viruses. infection and in which no virus was detected. Two
diseasesto target, and prioritize specific other lines, C95483 & C95383 also showed potential
cropsand cultivarsfor protection resistanceto CLCrV.
approaches. 2. Effortsare underway to identify tomato
germplasm that isresistant to TYLCV aswell asto
develop genetically engineered tomatoes with
resistanceto TYLCV.
Pur sue specific genetic and biological Continue to study differencesin X

basisfor variability in whitefly biotypes,
strains, and species; deter mine impact
of different genetypes/phenotypeson
whitefly-mediated transmission and on
the epidemiology of virus diseases.

species/straing/biotypes with respect

to transmission, host range, mating
compatibilities, molecular variability.
Determine molecular basis of observed
variability in biological, molecular &
genetic terms. Infer molecular
phylogenies from molecular markers.




Reports of Resear ch Progress
Section C: Chemical Control, Biopesticides, Resistance Management,
and Application Methods
Co-Chairs. Phil Stansly and James Brazzle

Investigator's Name(s): D. H. Akey, T. J. Henneberry, & C. C. Chu.
Affiliation & Location: USDA, ARS, Western Cotton Research Laboratory, Phoenix, AZ 85040.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: June 1993 - October 1998

Ground Application Techniques That I mproved Under-L eaf and Inner Canopy Coverage Cotton:
Development and Testing of Hydrostatic Sprayers-Transition from Experimental to Farm Equipment

We increased hydrostatic spray efficiency, by using a gasoline driven single cylinder piston pump that delivered spray
pressures > 450 psi on a JD 600 Hi-Cycle. The pump vibrated but a replacement “5-frame” 3 cylinder pump (Cat Pump model
390) ran evenly. It had an output to 12 gpm, a 600-psi rating., but exceeded 700 psi. Studies were conducted at 100 and 400
psi and at 30 and 60 gal/ac. Upper and lower leaf surfaces were tested for coverage at nodes 5, 7, and 9 from top terminal.
Coverage was determined by: sprayer application with dyes, a 1% solution of Leucophor EFR Liquid (Sandoz Chemical Corp.,
Charlotte, NC) and powered sodium fluorescein); ultraviolet color photography of leaf samples 10-12 hr after sampling; and
digitalization by video to obtain % coverage, droplet pattern, and size. The piston pumps required priming and was damaged
if it run dry. We used the JD 600 Hi-Cycle centrifugal pump to provide a 35 psi prime pressure to the piston pump. The
system was shut down immediately if the spray tank emptied or flow ceased. Diaphragm pumps are not prime dependent for
structural integrity. We tested a gasoline driven inline medium diaphragm pump (Udor, model Kappa 55) with a 15gal output
and 560-psi rating. In 1995-96, a JD 6200 and 6400 tractor (4-WD, high clearance wheels, enclosed cabs and filtered air) were
each fitted with: a PTO-driven Kappa 55 diaphragm pump, 47 ft boom (14 rows of 40-in cotton), 8 15-gal spray tanks, 65-gal
rinse tank, and for the JD 6400, a 250-gal main tank. Until these units were ready, we used a JD 6000 sprayer with a 3-
nozzles/'row boom. We tested 40 and 70 psi. in 1995 but with only 15 gal/acin alarge area test. Plotswere 5ac and set on a
2-fallow, 6-row plant scheme. The 70 psi applications covered better than 40 psi but were not significantly different in yield
nor lint stickiness. High clearance needs were removed by driving through fallow rows. Irrigation water breaking through
into one fallow row but not the other was a serious problem. The tractor sank on one side but not the other causing the boom
totilt. One end dipped in cotton, the other raised aboveit. In 1996, hydraulic rams were installed to tilt-level the booms
keeping the left and right sections parallel. 1n 1997-98, we evaluated distributor-available spray components. We used in-cab
control panels to activate application and rinse tanks, boom sections, and pressure. One tractor had radar, and accurate
ground speed proved useful. Solenoid valves, rated at 300 psi at 90° F, were used at 250 psi to offset for higher summer
temperatures. Brass or bronze spray parts and fittings were replaced with shelf-available plastic parts that worked at 250 psi
but needed double-gaskets on drops and daily tightening of plastic swivel bodies. Ground is superior to aerial application for
many biorational agents, e.g., the fungi, Beauveria. Aerial application is fine for agents with translaminar, vapor, or high
toxicity activity. Disadvantagesto ground application include: driving time, labor and fuel costs, and chances of weather
disruption. Increased scheduling problems may occur with irrigation timing; necessary for dry fields for ground sprayersin
solid-plant fields or in soils where water can permeate across beds and berms. Tractors can be used in place of high-clearance
spray rigs. We had success with 4-WD tractors equipped with booms that can be leveled and have large vertical adjustment
for crop height. Drops that placed small dropletsin the canopy reduced drift problems. Drops allowed positioning nozzles
between rows to angle spray into canopy under story permitting spraying in windy conditions that would curtail use of
broadcast booms because of drift and inefficient spraying. Droplet sizes of 70-150u formed amist in the canopy and remained
trapped in it until impinging on foliage, in contrast to drifting across and down rows.



Plastic parts reduce cost and are avail able from spray part distributors. However, the metal and 600 psi-hose component
system remained the most reliable and dependable. Some metal components have been used for 8 years; for safety, we
change hose components yearly. Our studies show that greater volumes (30 > 15 gal) are the most important parameter in
increasing spray efficiencies, followed by pressure increases (250>100-70>40 psi).



Investigator's Name(s): D. H. Akey & T. J. Henneberry.
Affiliation & Location: USDA-ARS, Western Cotton Research Laboratory, Phoenix, AZ 85040.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: June - October 1998

A Sugar Ester (AVA Chemical Ventures, L.L. C.) asaBiorational Agent Against the Silverleaf Whitefly,
Bemisia argentifolii, in Field Trialsin Upland Cotton in Arizona

Deltapine NuCOTN 33® was planted and furrow irrigated in plots 109 ft. in length and 12 rows across (40-in. rows). Plots were
separated by 4 fallow rows and 20 ft alleys. A sugar ester (AVA Chemical Ventures, L. L. C.) wasused at 0.2 and 0.3%wt/v
gal/ac. Applications were made once the silverleaf whitefly reached the action threshold (Univ. AZ recommendations). This
treatment was part of a 12-treatment random block design that included a“Best Agricultura Practice regime” (BAP),

embedded controls, and a 1-ac block control.

Eggs, small nymphs, and large nymphs were sampled from leaves taken from 5 plants per plot, from the fifth main-stem leaf
down from the first expanded terminal leaf. Each sample was counted from a 1-in. disk taken between the main leave stem and
the next lateral vein. Adults were sampled from 30 leaves/plot, same location using abinomial decision of counting aleaf as
positive if 3 or more adults were present. Thisindicated a presence of 5 adults on the 5th leaf per plant. Weekly sweeps were
taken in all plotsfor predators, parasites, and Lygus. Applications were made by ground with 5 nozzles/row, 1 overhead, and

2 swivel nozzles angled upward on adrop on each side of the row. Sprayswere applied at 250 psi and 30 gal./ac.

The 1998 cotton season was a poor production year. The SLWF population reached action threshold (Univ. AZ) between

July 27- Aug.6, 1998. Two sprays were applied (8-day period, then the SLWF populations dropped precipitously and did not
recover before the end of the cotton season. Sugar esters at 0.2 and 0.3 % wt/v gal/ac had efficacies against immatures as
follows: eggs, 42, 43 %; small nymphs, 2, 32 %; and large nymphs, 10, 63 %, respectively. Despite these low efficacy rates for
eggs and small nymphs, for the 0.3% rate for the sugar ester, the SLWF popul ations remained below action thresholds. Only
egg efficacies were statistically significant by ANOVA and LSD (P < 0.05). Buprofezin (Applaud™ 70 WP, AgrEvo, 0.35 Ib.
Al/ac) wasthe first BAP treatment was to be applied. Because of the unusual nature of the SLWF population decline, no

other BAP treatments were made. Buprofezin was used as a standard and had egg, small nymph, and large nymph efficacies
of 28, 37, 38 %, respectively. Comparatively, 0.3% sugar ester was as effective at controlling SLWF, especially against
reducing numbers of large nymphs. The sugar ester at 0.3% was effective at controlling silverleaf whitefly immature life
stages.



Investigator's Name(s): D. H. Akey & T. J. Henneberry.
Affiliation & Location: USDA-ARS, Western Cotton Research Laboratory, Phoenix, AZ 85040.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: June - October 1998

Azadirachtin (as Bollwhip®), a Biorational Agent Against the Silverleaf Whitefly,
Bemisia argentifolii, in Field Trialsin Upland Cotton in Arizona

Deltapine NuCOTN 33® was planted and furrow irrigated in plots 109 ft. in length and 12 rows across (40-in. rows). Plots were
separated by 4 fallow rows and 20 ft alleys. Bollwhip™ (Thermo Trilogy) was used in a4.5% formulation at 6 oz product /ac.
The treatment was part of a 12-treatment random block design that included a“Best Agricultural Practice regime” (BAP),
embedded controls, and a 1-ac block control.

Eggs, small nymphs, and large nymphs were sampled from leaves taken from 5 plants per plot, from the fifth main-stem leaf
down from the first expanded terminal leaf. Each sample was counted from a 1-in. disk taken between the main leave stem and
the next lateral vein. Adults were sampled from 30 leaves/plot, same location using a binomial decision of counting aleaf as
positive if 3 or more adults were present. Thisindicated a presence of 5 adults on the 5th leaf per plant. Weekly sweeps were
takenin all plotsfor predators, parasites, and Lygus. Applications were made by ground with 5 nozzles/row, 1 overhead, and

2 swivel nozzles angled upward on adrop on each side of the row. Sprayswere applied at 250 psi and 30 gal./ac.

The 1998 cotton season was a poor production year. The SLWF population reached action threshold (Univ. AZ
recommendations) between July 27- Aug.6, 1998. Two sprays were applied (8-day period, then the SLWF populations
dropped precipitously and did not recover before the end of the cotton season. Azadirachtin as Bollwhip®) had efficacies
against immatures as follows: eggs, 32 %; small nymphs, 35 %; and large nymphs, 77%, respectively. Despite these low
efficacy rates for eggs and small nymphs, the SLWF popul ations remained below action thresholds. Only egg efficacies were
statigtically significant by ANOVA and LSD (P < 0.05). Buprofezin (Applaud™ 70 WP, AgrEvo, 0.35 Ib. Al/ac) was thefirst
BAP treatment was to be applied. Because of the unusual nature of the SLWF population decline, no other BAP treatments
were made. Buprofezin was used as a standard and had egg, small nymphs, and large nymph efficacies of 28, 37, 38 %,
respectively. Comparatively, Bollwhip® was as effective at controlling SLWF, especially against reducing numbers of large
nymphs.



Investigator's Name(s): D. H. Akey & C. C. Chu.
Affiliation & Location: USDA, ARS, Western Cotton Research Laboratory, Phoenix, AZ 85040.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: June - October 1998

Acetamiprid as NI 25 Against the Silverleaf Whitefly, Bemisia argentifalii,
in Field Trialsin Upland Cotton in Arizona

Deltapine NuCOTN 33® was planted and furrow irrigated in plots 109 ft. in length and 12 rows across (40-in. rows). Plots were
separated by 4 fallow rows and 20 ft. aleys. Acetamiprid (Rhone-Poulenc, NI-25) was applied at 3 rates of 24.3 g, 36.45 g, and
48.6 g Al/ac. Applications were made once the silverleaf whitefly reached the action threshold (Univ. AZ recommendations).
Thistreatment was part of a 12-treatment random block design that included a“best agricultural practice regime,” and a 1-ac
block control.

Eggs, small nymphs, and large nymphs were sampled from leaves taken from five plants per plot, from the fifth main-stem leaf
down from the first expanded terminal leaf. Each sample was counted from a 1-in. disk taken between the main leave stem and
the next lateral vein. Adults were sampled from 30 leaves/plot, same location using a binomial decision of counting aleaf as
positive if three or more adults were present. Weekly sweeps were taken in all plots for predators, parasites, and Lygus.
Applications were made by ground with 0.5 nozzles/row; 1 overhead, and 2 swivel nozzles angled upward on a drop on each
side of the row. Sprayswere applied at 250 psi and 30 gal./ac. The 1998 cotton season was a poor production year. The
SLWF population reached action thresholds between July 27- August 6, 1998.

Only one spray was applied of each rate, then the SLWF popul ations dropped precipitously and did not recover before the
end of the cotton season. However, acetamiprid was effective at controlling silverleaf whitefly.



Investigator's Name(s): Frank J. Byrne & Nick C. Toscano.
Affiliation & Location: Department of Entomology, University of California, Riverside, CA92521.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management and Application
Methods.

Dates Covered by the Report: 1998

In vitro Acetylcholinester ase I nhibition in Bemisia tabaci and its Relevance
to Organophosphor us Resistance Expressed in Bioassays

Thetarget site for organophosphorus (OP) insecticides is the nerve enzyme, acetylcholinesterase (AChE). The efficacy of
OPs at thistarget siteis primarily governed by their affinity for the active site on the enzyme. In Bemisia tabaci, asin many
pest species, modifications to the AChE can confer considerable levels of resistance.

All OP resistant B. tabaci populations express AChE insensitivity as the predominant resistance mechanism. In populations
expressing the same insensitive variant, differences in OP resistance levels are likely to be caused by additional mechanisms.
However, there is no evidence that these can confer any significant resistance in the absence of target-site insensitivity.

Thus, the insensitive AChE will confer abaseline level of resistance. In B. tabaci, aclear correlation exists between the levels
of insensitivity measured using in vitro biochemical assays and levels of resistance expressed in toxicological bioassays.
However, insensitivity factors can be at least an order of magnitude greater than the resistance factors determined from
bioassays. A detailed kinetic analysis of the AChEs in resistant B. tabaci shows that, in addition to the importance of

intrinsic insensitivity, differencesin affinity for the substrate (acetylcholine, ACh) and the turnover of ACh are extremely
important

Despite the knowledge we have on resistance to OPsin B. tabaci, these chemicals are still widely used in management
programs designed to control this pest. Furthermore, OPs (and carbamates, which also target AChE) are used in the
management of other insects in the pest complex and these treatments could have inadvertent effects on the resistance status
of whiteflies through the selection of mechanisms additional to AChE insensitivity, particularly if they confer cross resistance
to other insecticide classes.

In California, one form of insensitive AChE has been identified in field populations of B. tabaci. The purpose of this study
was to determine the relative potencies of OPs against this enzyme, concentrating on those chemicals which B. tabaci islikely
to come into contact with in California agriculture systems. By determining the in vitro effects of OPs at the level of the
target-site, it will be possible to identify the most effective compounds for use in field treatments, as well as those which
represent a high resistance risk.



Investigator’s Name(s): Luko Hilje, Douglas Cubillo, & Guido Sanabria.
Affiliation & Location: Plant Protection Unit, CATIE. Turrialba, Costa Rica.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: August 1996 - December 1998

Bitterwood (Quassia amara) Extracts Kill Bemisia tabaci Adults

Bemisia tabaci (Gennadius) is an important pest of several food crops in Mesoamerica and the Caribbean, especialy asa
geminivirus vector in beans, tomato, and bell pepper. Grower response to its damage has been the overuse of insecticides,
sometimes with daily applications, which has increased the risk of insecticide residues on vegetables, water and soil
contamination, toxicity to field workers, and substantial reductionsin grower’sincome; in addition, this overuse has fostered
the appearance of B. tabaci insecticide-resistant strains, as well as the decline of natural enemy populations of B. tabaci and
other crop pests. The importance of these problems justifies the development of insecticides with new modes of action,
among which some active principles present in plants offer agood potential, asit currently happens with neem (Azadirachta
indica, Meliaceae), seed extracts.

Thereis asound possibility with bitterwood, Quassia amara L. ex Blom (Simaroubaceae), which early in the century was one
of the classical botanical insecticides, asits wood contains several quassinoids, such as quassin and neoquassin, which are
toxic to several homopteran, lepidopteran and coleopteran species. Currently, thereis a growing interest in promoting the
utilization of thiswild shrub as an economic resource for Indian communities in Mesoamerica, so that several of its ecological,
silvicultural, and marketing aspects have been investigated in recent years.

In order to test the insecticidal properties of bitterwood against B. tabaci, a greenhouse experiment was set up at CATIE, in
Turrialba, Costa Rica. Two hitterwood extracts (agueous and metanolic) were tested, each onein the following six doses: 5,
10, 15, 20, 25 and 50 ml/I of water (Q05, Q10, Q15, Q20, Q25y Q50). They were compared to arelative (endosulfan, Thiodan
35% CE, at 0.875 g a.i./ | water) and an absolute control (distilled water). The source solution of bitterwood was prepared from
1.3 kg of wood, asto obtain afinal volume of 250 ml. A completely randomized block design was used. The substances were
sprayed over bean plants (cv. Negro huasteco), which were placed inside sleeve cages, to which 100 whitefly adults per
replicate werereleased. The number of landed (2, 4y 24 h later) and living adults (48 h | ater), as well as deposited eggs were
counted.

All the doses of both bitterwood extracts were able to kill whitefly adults. However, the metanolic extractsin general were
superior, especialy at higher doses (Q20, Q25 and Q50). The highest dose (Q50) did not differ from endosulfan (p# 0.05),
which was the best treatment in terms of reducing landing adult numbers, living adults after 48, and oviposition, excepting
that endosulfan killing effect was attained fastest.

Bitterwood extracts seem not to pose risks to people, as they are commonly used as a natural medicine for digestive problems.
Nevertheless, their persistence could become alimiting factor for using them on vegetables, because of their very bitter taste
to people.



Investigator’s Name(s): Rosalind R. James & Gary Elzen.
Affiliation & Location: USDA, ARS, Kikade la Garza Subtropical Agricultural Research Center.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: June - December 1999

Integrating the Biocontrol Agent Beauveria bassiana with Imidacloprid

Imidacloprid is a chloronicotinyl analogue of nitromethylene insecticidal compounds, and has been used effectively to
control whiteflies in melons and cucumbers. It is applied either as a soil drench (often at the time of planting) or asafoliar
spray. Beauveria bassiana is an entomopathogenic fungus, also effectivein curcurbits. This biopesticide is applied asa
foliar spray using high pressure (400 psi) with drop nozzles directed at the undersides of leaves. B. bassiana usually infects
only nymphs.

Combining B. bassiana with imidacloprid has several potential benefits. When imidacloprid is applied as a soil drench at the
time of planting, its effectiveness declines during the season, and spray applications of B. bassiana could be used to control
Bemisia populations that develop later in the season. Alternatively, B. bassiana and imidacloprid could be applied foliarly
together as atank mix to control nymphs. Applying insecticide after planting allows the grower to wait and see if whitefly
populations are going to reach significant levels before money has been spent on treatments. Strategies for combining the
biological and chemical pesticides could also be used to manage against the devel opment of whitefly populations that are
resistant to imidacloprid. Combining the two pesticides would be most effective if they were synergistic, each enhancing the
activity of the other.

We tested for synergy in the laboratory using 21-d old, potted, melon plants. We tested two methods of application. Inthe
first, the two pesticides were sprayed onto plants infested with 3rd instar B. tabaci (B- biotype). Application rates included
1x and 0.5x the field rates, and the pesticides were applied both alone and in tank mixes. In the second experiment, potted
plants were soil-drenched with imidacloprid four days prior to being infested with whiteflies. B. bassiana was applied as a
foliar spray when the nymphsin the controls reached the 3rd instar. Again, we used full and half field rates, and the
treatments were applied alone and in combination in a 2-way analysis of variance design.

Imidacloprid showed no effect on the germination rate or colony formation of B. bassiana on nutrient agar. However, when
imidacloprid and B. bassiana were combined for whitefly control, an inhibitory effect was seen. That is, imidacloprid was
more effective alone than in combination with B. bassiana. This interactive effect was highly significant (P < 0.0003 for foliar
applications of both pesticides; P < 0.0001 for the experiment using the soil drench of imidacloprid).

For example, both pesticides caused a significant decline in the number of insects per leaf. A single application of B.
bassiana at field rate caused an 81% decline in whitefly densities, and the imidacloprid drench at field rate caused a 100%
decline. When full field rates of each were combined, the population declined 97%. Using the same rate of imidacloprid, but
reducing B. bassiana to half rate resulted in greater control, with a 99.3% decline in whitefly densities. Although combining
B. bassiana and imidacloprid may give sufficient control, imidacloprid works more effectively alone. Combining these two
pest control methods will probably not benefit producers. A reasonable explanation for how B. bassiana can inhibit
imidacloprid is being sought.



Investigator's Name(s): Tong-Xian Liu.

Affiliation & Location: TexasAgricultural Experiment Station, Texas A&M University System, 2415 E. Highway 83, Weslaco,
TX 78596-8399.

Research & Implementation Area: Section C. Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: 1998

M anagement of Bemisia argentifolii with Application of Biorational Insecticides
and Imidacloprid on Cantaloupein Springin South Texas

The silverleaf whitefly, Bemisia argentifolii, is still the one of most important pests on melonsin south Texas. The objective
of this study was to develop a season-long whitefly management program for spring cantaloupe with application of insect
pathogens and insect growth regulators (IGRs) in the early spring season, and application of imidacloprid (Admire) in the
early mid-season to control the whitefly for the remaining season. The materials used included Mycotrol WS (B. bassiana,
Mycotech) at 1 Ib/ac, Naturalis-L (B. bassiana, Troy Biosciences) at 1 Ib/ac; Knack (pyriproxyfen) at 1 Ib/ac; Applaud
(buprofezin) at 0.35 Ib/ac; untreated plots as control. Admire 2F (Imidacloprid, Bayer) was side-injected 56 g [Al]/ac).
Cantal oupe seedlings were transplanted in the field on January 22. The plots were arranged in a randomized compl ete block
design with 4 replications. Mycotrol and Naturalis-L were sprayed weekly starting from March 4 to May 11 for 11 weekly
applications, and Knack and Applaud, biweekly for 5 applications. Admire was either dripped through the irrigation system
at transplanting or side-injected 15 cm deep in the soil on April 14 in the mid-season.

Adult population was high during the entire season. Numbers of adults among the treatments were significantly different
during the 12 sampling dates except for the first week that there was no significant difference among the treatments. The
treatments with Admire at transplanting had the lowest whitefly population before the mid-season. The treatment of Admire
applied twice had the lowest adult population. In the treatments of Admire applied in the mid-season, number of adults was
high in the early season. After the mid-season, adult population was still above the economic threshold even the overall
population was significantly lower than other treatments. Mycotrol, Naturalis-L, Knack and Applaud, when used alone, did
reduce the adult population in the early season, but did not provide satisfactory control, and a so there were no significant
differences among them. After the mid-season, when Admire was applied, numbers of adults on the treated plants
significantly reduced even the population was still greater than the economic threshold, indicating that the application of
Admire might be too late. The number of nymphs and pupae was significantly different among the treatments over all
sampling dates. Ten weekly applications of Mycotrol and Naturalis-L alone did reduced the whitefly population but did not
reduce the whitefly immature popul ation below the economic threshold. Although the whitefly population on the plants
treated with Knack and Applaud alone was significantly lower than on untreated plants after 5 biweekly applications, they did
not provide effective control of the nymphs either. Multiple applications of the 4 biorational insecticides, Mycotrol,
Naturalis-L, Knack and Applaud in the early season followed by a mid-season application of imidacloprid, did significantly
reduced the population of live whitefly nymphs and pupae on the plants, even in some treatments the number of nymphs and
pupae was still above the economic threshold. All biorational insecticides tested in this experiment did not provide good
control, especidly in the late season that most plants treated with biorational insecticides were collapsed and died
prematurely except for the plants treated with imidacloprid because whitefly population in the experimental field was much
greater than other fields on the same farm during the entire season. However, Admire still was the most effective insecticide
tested in this study, even its effectiveness lasts a maximum of 11 wk. Admire applied once at transplanting was effective
against the whitefly before the mid-season, but did not give adequate whitefly control after the mid-season. Admire applied
twice, at transplanting and in the mid-season, provided the best control of both whitefly adults and immatures even in some
treatments whiteflies were slightly greater than the economic threshold. This could be explained that the healthy green plants
attracted more adults from the nearby died or dying plants, or adults on these died and dying plants were forced to relocate
their feeding sites to the greener and healthier plants.



Investigator's Name(s): Eric T. Natwick & Keith S. Mayberry.
Affiliation & Location: UC Cooperative Extension, UC Desert Research and Extension Center, Holtville, CA.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: September 1997 - January 1998

Evaluation of Selected Insecticidesfor Silverleaf Whitefly Control in Cabbage

Cabbage var. Primero was sown at UC Desert Research & Extension Center 16 September 1997. Six insecticide treatments and

an untreated control were replicated four times in a randomized complete design experiment. Insecticide treatments were as

follows: Admire 2F at 0.5 |b ai/acre injected 3 inches below the seed-line pre-plant, Capture 2 EC at 0.08 Ib ai/acre plus Thiodan

3 EC 0.751b ai/acre, CGA215944 50 WP at 0.062 |b ai/acre, CGA 215944 50 WP at 0.094 1b ai/acre, CGA 215944 50 WP at 0.062 Ib
ai/acre plus Sylgard 309 at 4 fl 02/100 gal, and CGA 215944 50 WP at 0.094 |b ai/acre plus Sylgard 309 at 4 fl 0z/100 gal,. Foliar
sprayswere applied on 9, 15, 22 & 29 October, and 5 & 12 November, 1997. Silverleaf whitefly, Bemisia argentifolii, were

sampled by counting adults via leaf turn and eggs and nymphs were counted on 2.54 cm? of leaf surface from basal |eaves on

ten plants at random from each plot on, 1, 13, 21 & 27 October and 4, 11, 17 & 24 November, and 2 & 8 December, 1997.

Mature marketable | ettuce heads per 0.002 acres per plot were harvested and weighs were recorded in pounds.

The of adult silverleaf whitefly means for the untreated control were greater than insecticide treatments on sampling dates
after October 13 and for the seasonal mean values, p # 0.05. The nympha means for the Capture + Thiodan treatment were
lower than the untreated control on all post-treatment sampling dates and for the seasonal mean. The nymphal means for the
Admire treatment were lower than the untreated control on all post-treatment sampling dates, except 13 October, and for the
seasonal mean. The nymphal means for the CGA 215944 treatments were rarely different than the untreated control
throughout the study. There were no differences among the treatments for numbers of cabbage heads or weight of cabbage
heads.



Investigator's Name(s): Eric T. Natwick & Keith S. Mayberry.

Affiliation & Location: University of California Cooperative Extension, University of California Desert Research and
Extension Center, 1050 E. Holton Road, Holtville, CA 92250.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: March - June 1998

Silverleaf Whitefly Control In Spring Planted Cantaloupe M elons, 1998

A stand of Cantaloupe melons, var. Topmark, was established at UC Desert Research & Extension Center 19 March 1998.

Seven insecticide treatments and an untreated control were replicated four times in arandomized complete design experiment.
Insecticide treatments were as follows. CGA-293343 2 SC as a soil injection at 0.036 |b ai/acre followed by CGA-215944 50 WG
asafoliar spray at 0.089 Ib ai/acre, CGA-293343 2 SC as a soil injection at 0.043 |b ai/acre followed by CGA-293343 25 WG asa
foliar spray at 0.089 Ib ai/acre, Admire 2F as a soil injection at 0.25 Ib ai/acre followed by Applaud 70 WP as afoliar spray at
0.25 b ai/acre, Admire 2F as asoil injection at 0.25 Ib ai/acre followed by Applaud 70 WP as afoliar spray at 0.037 |b ai/acre,
Admire 2F as a soil injection at 0.25 Ib ai/acre followed by Applaud 70 WP at 0.25 Ib ai/acre plus Phaser 3 EC at 0.75 Ib ai/acre
asafoliar spray, Admire 2F as a soil injection at 0.25 Ib ai/acre followed by Capture 2 EC at 0.08 Ib ai/acre plus Thiodan 3 EC at
0.75 Ib ai/acre as afoliar spray, and Admire 2F asa soil injection at 0.25 Ib ai/acre. Foliar insecticide treatments were applied
four times at one week intervals from 18 & 26 May, 2 & 16 June, 1998 with the exceptions of CGA-293343 25 WG as afoliar
spray at 0.089 Ib ai/acre and CGA-293343 25 WG as afoliar spray at 0.089 Ib ai/acre which were only applied on 16 June.
Silverleaf whitefly adults were counted on the fifth leaf from the terminal of the main stem cane from ten plants at random in
each plot viathe leaf turn method on 1, 3, 11, 15, 25 May, 1, 8, 24 and 30 June 1998. Silverleaf whitefly eggs and nymphs were
counted on 2.54 cm leaf disks from ten crown leaves extracted from randomly selected melon plantsin each plot on 4, 11, 18,

25 May, 1, 8, 24, and 30 June 1998.

There were no differences among treatments for adult counts on sampling dates from 1 May through 1 June. The non-treated
control and the CGA-215944 treatments had more adults than Admire 2F followed by Applaud 70 WP + Phaser 3 EC and
Admire 2F followed by Capture 2 EC + Thiodan 3 EC on 8 June (p# 0.05). The Admire 2F followed by Applaud 70 WP
treatments had fewer whitefly adults than the control and CGA-293343 2SC followed by CGA-293343 25 WG. On 16 June,
Admire 2F followed by Capture 2 EC + Thiodan 3 EC had fewer whitefly adults than al other treatments except Admire 2F asa
soil injection at 0.025 Ib ai/acre followed by Applaud 70 WP as afoliar spray at 0.037 |b ai/acre which had fewer adults than

the control, the CGA-215944 treatments and Admire used alone. On 24 June, the control had more adults than all other
treatments and Admire 2F followed by Capture 2 EC + Thiodan 3 EC had fewer whitefly adults than all other treatments except
CGA-293343 2 SC as asoil injection at 0.043 Ib ai/acre followed by CGA-293343 25 WG as afoliar spray at 0.089 |b ai/acre and
Admire 2F as a soil injection at 0.25 Ib ai/acre followed by Applaud 70 WP as afoliar spray at 0.25 Ib ai/acre. On June 30,
CGA-293343 2 SC as asoil injection at 0.036 |b ai/acre followed by CGA-215944 50 WG as afoliar spray at 0.089 |b ai/acre had
fewer whitefly adults than all other treatments except the control, Admire alone and CGA-293343 2 SC as asoil injection at
0.043 Ib ai/acre followed by CGA-293343 25 WG as afoliar spray at 0.089 |b ai/acre.

The control had more whitefly nymphs that the Admire treatments on 11 May through 25 May. The nympha means for the
CGA-215944 2 SC treatments were not different from the control until after the addition of foliar sprays on 16 June. Admire
followed by Applaud at 0.37 |b ai/acre, Applaud plus Phaser or Capture Plus Thiodan provided the best control of whitefly
nymphs through the season.



Investigator's Name(s): Eric T. Natwick®, T. J. Henneberry?, & D. Brushwood®.

Affiliation & Location: * UC Cooperative Extension, UC Desert Research and Extension Center, Holtville, CA, USDA-ARS, ?
Western Cotton Research Laboratory, Phoenix, AZ, and ® USDA-ARS, Cotton Quality Research Laboratory, Clemson, SC.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: March - December 1998

Silverleaf Whitefly Control In Cotton, 1997

A stand of cotton, var. DPL 5415, was established at UC Desert Research & Extension Center 25 March 1998. Fourteen
insecticide treatments and an untreated control were replicated four timesin arandomized complete design. Insecticide
treatments were as follows: Applaud 70 WP at 0.35 Ib ai/a applied 7 and 21 July followed by Danitol 2.4 EC at 0.2 Ib a/aplus
Orthene 90S at 0.5 Ib ai/a applied 4 August, Applaud 70 WP at 0.35 Ib ai/a plus Phaser 3EC at 0.75 Ib ai/aapplied 7 and 21 July
followed by Danitol 2.4 EC at 0.2 |b al/a plus Orthene 90S at 0.5 b ai/a applied 4 August, Applaud 70 WP at 0.35 Ib ai/a plus
Decis02. EC at 0.02 Ib ai/a applied 7 and 21 July followed by Danitol 2.4 EC at 0.2 Ib al/a plus Orthene 90S at 0.5 Ib ai/a applied
4 August, Ovasyn 1.5 EC at 0.25 |b ai/a plus Phaser 3EC at 0.75 b ai/aapplied 7, 14, 21, 28 July and 4 August, Knack 0.86 EC
at 0.05 b ai/aapplied 7 July followed by Ovasyn 1.5 EC at 0.25 |b ai/a plus Phaser 3 EC at 0.75 |b ai/aapplied 21, 28 July and 4
August, Danitol 2.4 EC at 0.2 b al/a plus Orthene 90S at 0.5 Ib ai/a, EXP61486A 70 WP (acetamiprid) at 0.022 |b ai/a,
EXP61486A 70 WP at 0.044 Ib ai/a, EXP61486A 70 WP at 0.075 |b ai/a, EXP61486A 70 WP at 0.1 Ib ai/a, TADS12222 1.67 EC
(acetamiprid + fipronil) at 0.044 Ib ai/a, TADS12222 1.67 EC (acetamiprid + fipronil) at 0.088 Ib ai/a, and AVA CHEM. Sugar
ester at 0.3% Al w/v in water. All insecticide treatments were applied 7, 21, 28 July and 4 August unless otherwise

designated. Helena Buffer PS at 23.6 mi/5 gal. and Sylgard 309 at 5.9 ml/5 gal. were used with all insecticide spray treatments.
Silverleaf whitefly adults were sampled from ten plants at random in each plot viathe leaf turn method using the fifth main

stem leaf from the terminal on 10, 22, 29 June, 6, 13, 20, 27 July, 3, 11 August 1998. Silverleaf whitefly eggs and nymphs were
counted on 1.54 cm? leaf disks from 5th position, main-stem terminal leaves extracted from ten randomly selected plantsin

each plot on the same dates adult whiteflies were sampled. Seed cotton was hand picked from 0.002 acre per plot and yield

data were recorded on 28 August 1998. Seed cotton samples were ginned at the USDA-ARS Western Cotton Research
Laboratory in Phoenix, AZ and lint samples were sent to the USDA/ARS Cotton Quality Research Station in Clemson, SC for
stickiness and sugar analysis.

The nymphal means for the sugar ester treatment was not different than the untreated control on any of the sampling dates.
The EXP61486A, TADS1222, and Danitol + Orthene treatments provided the highest levels of control for silverleaf whitefly
adults and nymphs with means lower than the untreated control on all post-treatment sampling dates for both adults and
nymphs, p # 0.05. There were no differences among treatments for seed cotton yields.



Investigator's Name(s): Eric T. Natwick & Keith S. Mayberry.
Affiliation & Location: UC Cooperative Extension, UC Desert Research and Extension Center, Holtville, CA.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: September 1997 - January 1998

Evaluation of Selected I nsecticidesfor Silverleaf Whitefly Control in | ceberg L ettuce

Iceberg lettuce var. Desert Queen was sown at UC Desert Research & Extension Center 16 September 1997. Four insecticide
treatments and an untreated control were replicated six times in arandomized complete design experiment. Insecticide
treatments were as follows: Admire 2F at 0.25 |b ai/acre injected 3 inches below the seed-line pre-plant, Applaud 70 WP at 0.25
Ib ai/acre, Applaud 70 WP at 0.38 Ib ai/acre, Applaud 70 WP at 0.38 |b ai/acre plus Phaser 3 EC at 0.75 Ib ai/acre. Foliar sprays
were applied on 9, 15, 22 & 29 October, and 5 November, 1997. Silverleaf whitefly, Bemisia argentifolii, were sampled by
counting adults vialeaf turn on ten plants at random from each plot on, 1, 14, 20 & 28 October and 3 & 11 November, 1997.
Silverleaf whitefly eggs and nymphs were counted on 2.54 cm? of leaf surface from basal |eaves of ten plants at random from
each plot on 1, 14, 20, & 28 October, and 3 November, 1997. Mature marketable |ettuce heads per 0.002 acres per plot were
harvested and weighs were recorded in pounds.

The seasonal mean values of adult silverleaf whitefly for the untreated control were greater than all insecticide treatments
except Applaud 70 WP at 0.25 Ib ai/acre, p # 0.05. The seasonal mean of silverleaf whitefly nymphs for the untreated control
was greater than all of the insecticide treatments on 28 October. There were no differences among treatments for seasonal
means of silverleaf whitefly nymphs. There were no differences among the treatments for numbers of lettuce heads or weight
of lettuce heads.



Investigator's Name(s): Tadeusz J. Poprawski®, Carlos G. Gracia?, Connie J. Veland®, & Frank De La Garza'.

Affiliation & Location: Joint affiliation: Texas Agricultural Experiment Station and USDA-ARS, Beneficial Insects Research
Unit, Weslaco, TX; ?formerly with Mycotech Corp., Butte, MT; 3USDA-ARS, Beneficial Insects Research Unit, Weslaco, TX;
“Texas Agricultural Experiment Station, Weslaco, TX, presently with Mycotech Corp.

Research & Implementation Area: Section C. Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: September 1997 - February 1998

Field Evaluation of the Particle Films M-96-018 and M-97-009
for Whitefly Control on Bell Peppersand Collards

Trials were conducted in Weslaco, TX, to evaluate two particle films for control of Bemisia argentifolii on bell peppers,
Capsicum annuum L. 'Capistrano'’, and collards, Brassica oleracea acephala DC. Individual plots consisted of six rows of

bell peppers or collards arranged in single-row (peppers) or double-row (collards) beds, at 40-inch spacing, 60-ft in length with
a 10-ft buffer between plots. Three replicated plots for each of two treatments and two controls were included in a randomized
complete block design. The treatments were M-96-018 Hydrophobic Particle Film and M-97-009 Hydrophilic Particle Film. M-
96-018 (25 pounds/acre) was stirred in 98% methanol and M-97-009 (25 pounds/acre) in the spray adjuvants Pinene |
(pepperstrial) or MO3 (collardstrial), prior to mixing with water (4 gallons of methanol or 14 ounces of Pinene Il or 1 pint of
MO3 per 100 gallons of water). An untreated control and an adjuvant control were included in each trial. Applications were
made using a high pressure hydraulic sprayer with three (peppers) or four (collards) drop nozzles (Lilac Albuz) per bed, at 200
(peppers) or 400 (collards) psi pressure and 100 gpa application volume. Treatmentsin the pepperstrial were applied on 10

and 17 September; and 1, 7, and 15 October. Treatmentsin the collards trial were applied on 9, 16, 23, and 30 December, and 6,
20, and 27 January. Weekly evaluations (1 day before spray applications and again one week after the last spray application)
were made by counting live whitefly immatures (unhatched eggs + nymphs + pupal cases) in one circular area (2 cm?) of |eaf
surface on 10 plants/plot. Differences among treatments were separated using analysis of variance (ANOVA) onlog (n + 1)
transformation of the population data. Bell peppers were harvested on 3 and 10 December from one full, 13. 1-feet long

section in the four middle beds of each plot. Collards were harvested on 10 February from one full, 10-feet long row section in
the four middle beds of each plot. Weight (peppers) and bundles (collards; one bundle is made from one large up to three

small plants per bundle, damaged and soiled leaves removed) values were transformed to corresponding log values before
ANOVA. Back-transformed data are presented.

Pre-treatment populations of whitefly immatures on bell peppers were high (overall mean 137.3 immatures per 2 cm? of leaf
surface). There were no significant differences in numbers of whitefly immatures among treatments and controlsin the
pretreatment (P = 0.925) and subsequent counts (all P >0.05). Populations gradually at asimilar ratein al treatments and
controlsto alow overall mean of <1 immature per 2 cm? on 22 October. Although there were no significant differencesin
yields among the two treatments and two controls (P = 0.295), the plots treated with M-96-018 and M-97-009 yielded an
average of 1,666 and 1, 125 more pounds of marketable bell peppers per acre than the untreated control plots (6,542 pounds
per acre), respectively.

Whitefly pressure was low in the collards trial (overall mean 2.4 immatures per 2 cm? of leaf surface in the pre-treatment
counts). There were no significant differences in populations of whitefly immatures among treatments and controls in the pre-
treatment (P = 0.324) and subsequent counts (all P >0.05). Whitefly populations remained low in all treatment and control
plots during the entire season. No significant differencesin yields were found among the two treatments and two controls.
However, the plots treated with M-97-009 yielded 1,531 more bundles of marketable greens per acre than the untreated control
plots (13,338 bundles per acre).



Investigator's Name(s): Tadeusz J. Poprawski®, Carlos G. Gracia?, & Connie J. Veland®.

Affiliation & Location: Joint affiliation: Texas Agricultural Experiment Station and USDA-ARS, Beneficial Insects Research
Unit, Weslaco, TX;? USDA-ARS, Beneficial Insects Research Unit, Weslaco, TX, formerly with Mycotech Corp., Butte, MT;
3USDA-ARS, Beneficial Insects Research Unit, Weslaco, TX.

Research & Implementation Area: Section C. Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: Spring 1998

Field Evaluation of Mycotrol® (Conidia of Beauveria bassiana Strain GHA),
Blastospor es of Paecilomyces fumosoroseus Strain 612, the Particle
Film M 97-009, and One Sugar Ester for Control of Whiteflieson Melons

Individua plots, at Weslaco, TX, consisted of 4 beds of cantaloupe melon (Cucumis melo L.) 'Perlita planted on 5 Marchin
80-inch single-row beds, 45-ft in length with a 8-ft buffer between plots. Three replicated plots for each of 9 treatmentsand 1
untreated check were included in a completely randomized experimental design. The plots received one of the following
treatments: Mycotrol 22WP @ 1x10™ conidia/acre + the adjuvant Silwet® L 77 (0.04%); Mycotrol 22WP @ 1x10* conidia/acre;
M97-009 @ 25 Ibs/acre + the adjuvant M03 (0.125%); Mycotrol ES9505 @ 1x10™ conidia/acre; air-dried blastospores of
Paecilomyces fumosor oseaus formulated in diatomite @ 1x10™ blastospores/acre + the adjuvant Silwet L 77 (0.04%) [the rate
was 5x10% blastospores/acre on 6 May]; tank mix of Mycotrol ES @ 1x10* conidia/acre + M97-009 @ 25 |bs/acre + the
adjuvant M03; one sugar ester (technical) @ aqueous 0.3% solution/acre; Mycotrol ES @ 1x10™ conidia/acre; Mycotrol ES @
1x10" conidia/acre + the adjuvant Silwet® 560 (5% v/v of Mycotrol ES); or untreated check. Applications of Mycotrol and
Mycotrol\M97-009 were made using a high pressure hydraulic sprayer with 3 (first 2 sprays), 5 (next 3 sprays) or 7 (last spray)
drop nozzles (Lilac Albuz) per bed, at 400 psi pressure and 14 (3 nozzles), 22.5 (5 nozzles) or 31.5 (7 nozzles) gpa application
volume. These treatments were applied on 15, 22 and 29 April; and 6, 13 and 21 May. M97-009 was applied on the above
dates, using the above sprayer, number of nozzles per bed and pressure, but at 100 gpa application volume. The sugar ester
treatment was applied only on 15 (3 nozzles) and 29 (5 nozzles) April and 13 (5 nozzles) May using the above sprayer,
pressure and application volumes. Blastospores were applied on the same dates as the Mycotrol treatments, but using a
motorized knapsack mistblower (Solo Master 412) delivering 45 gpa; both sides of each bed were sprayed. Evaluations were
made by counting living Bemisia argentifolii nymphs (all 4 instars plus pupag)/unit area (2 cm? leaf area) on 10 plantsin the
center of each plot on 14 (precount), 21, and 28 April, and 5, 12, 19 May and 26 May. Differences among treatments were
separated using one-way ANOVA on log (n + 1) transformation of the population data and the Tukey HSD test.
Untransformed means are presented. Abbott's percent efficacy was calculated for each treatment.

Whitefly pressure was moderate in thistrial. There were significant differencesin living whitefly nymphs among treatments

and control in the precounts taken on 14 April (P =0.008). The Mycotrol ES/Silwet 560 treatment had significantly more
nymphs than did all other treatments and untreated check; the Mycotrol 22WP treatment and the untreated check had
significantly fewer nymphs than did al other treatments. |mmature whitefly populationsincreased in all of the plots during

the first week of thetrial. There were significant differences among treatments on the last day of sampling, 26 May (P <

0.001). The seasonal treatment effects on immature whiteflies were examined through analysis of the integrated population
curvesfor thislife stage. The differencesin the areas under the treatment curves (not shown) best represent whitefly

pressure. Based on seasonal means, there were clear treatment differencesin living immature whiteflies (P < 0.001). The
seasonal densities of whitefly nymphs (Tukey test) [and respective seasonal Abbott's percent efficacies of treatmentsin

reducing nymphal populations] were: Mycotrol 22WP/Silwet L77 - 37.0 (bc) [39.4%]; Mycotrol 22WP - 37.5 (ab) [38.4%]; M97-
009/M O3 - 34.5 (ab) [43.5%)]; Mycotrol ES9505 - 35.8 (b) [41.4%]; P. fumosoroseus blastospores/Silwet L77 - 19.7 [67.7%)];
Mycotrol ES/M97-009/M O3 - 46 (ab) [23.7%)]; sugar ester - 32.1 (b) [47.6]; Mycotrol ES - 27.9 (bc) [54.3%)]; Mycotrol ES/Silwet
560 - 41.5 (ab) [32. 1%]; and untreated check - 61.1 (a). Of al the treatments applied to melons against immature whiteflies, P.
fumosor oseus bl astospores proved to be significantly more effective than parallel treatments and much more effective than no
treatment.



Investigator's Name(s): Tadeusz J. Poprawski, Gary W. Elzen, NerlaA. Silva Uribe', & Connie J. Veland.

Affiliation & Location: USDA-ARS, Beneficia Insects Research Unit, Weslaco, TX; Universidad Autonoma de Nuevo
L éon, Facultad de Ciencias Biol 6gicas, Monterrey, Mexico.

Research & Implementation Area: Section C: Chemical Control, Biopesticides, Resistance Management, and Application
Methods.

Dates Covered by the Report: Fall and Winter 1998

In Vitro and In Vivo Compatibility of Selected
Fungicideswith Fungal Pathogens of Bemisia Whiteflies

Formulated fungicides tested were chlorothalonil [Bravo 6.0 flowable (F)], propionazole [Tilt 4.17 F], azoxystrobin [Quadris
2.08 F], and sulfur-tribasic copper sulfate [Top Cop 6.25-1.0 F]. Rates[kg (Al)/ha] were: chlorothalonil 1.67, propionazole 0.14,
azoxystrobin 0.09, and sulfur-tribasic copper sulfate 3.47.

In Vitro Bioassay. Fungicideswere mixed in Sabouraud dextrose agar to equivalent field rates. One fungal plug (1 cm diam.)
consisting of mycelia only was transferred to the center of a Petri dish (10 dishes per treatment and control). Dishes were
incubated at 25°C and 16:8 (L:D) h. The dishes of each treatment and control were incubated in isolation because volatile
products or by-products could influence fungal growth on other treatment or control dishes. Radial growth was measured
daily for 7 d. The 7-d cumulative growth data were analyzed by one-way ANOVA. After the 7-d incubation period, B.
bassiana radial growth was 38.5 mmin the controls and 3.5, 4.4, and 11. 3 mm on the Bravo, Quadris, and Top Cop treated
agar, respectively. No growth occurred on the Tilt-treated agar plates. Treatment effects were significantly different (P
<0.001). P. fumosoroseusradial growth at day 7 was 37.4 mm on the control plates, 0 mm on the Tilt plates, and 7.7, 8.6, and
26.8 mm, on the Bravo, Quadris, and Top Cop plates, respectively (P <0.001). Wetransferred the mycelial plugs from the Tilt
treatments to untreated agar plates and examined them for 7 d for any sign of regrowth. No regrowth occurred. We
concluded that Tilt was fungitoxic and that the other fungicides were moderately to strongly fungistatic to both fungi.

Spray Chamber In Vivo Bioassay. A laboratory spray chamber, calibrated to deliver 282 liters’hausing 3 TXV S-6 nozzles (2
on drops) at 2.2 kg/cm?, and 4.8 km/h, was used to apply fungicides to whitefly-infested melon leaves (30 early 3rd instar
nymphs per leaf; 4 replicated leaves per treatment), either 2 days before [2DB], on the same day (3 h before the fungi) [SD], or
2 days after [2DA] spray application of spore (aerial conidia) suspensions of B. bassiana and P. fumosoroseus. On SD, each
leaf was sprayed with one 2-ml aliquot of spore suspension using a Potter spray tower. Each spore suspension was sprayed

at a pressure of 0.7 kg/cm? using the fine spray nozzle (0.25 mm orifice diameter) provided with the tower. Dosages, estimated
from spore counts taken from cover dlips placed alongside the leaves in the spray arena of the Potter tower, were 808 + 86 and
752 + 188 spores/mm? for B. bassiana and P. fumosoroseus, respectively. Treated and control (0.01 % agqueous Tween 80)
leaves were then isolated individually in vented plastic Petri dishes, and incubated for 24 h at 25°C and 100% RH under a
photophase of 16:8 (L:D) h. Thereafter, leaves were maintained under similar temperature and light regimes, but at 50-55% RH.
The dishes of each treatment and control were incubated in isolation for the reason given above. Whiteflies were scored for
mycosis 7 days after spore application. The angular values of proportion mycosis were analyzed by one-way ANOVA.

Means were separated using the Tukey HSD test. Untransformed means are presented. In the P. fumosoroseus series,

control mycosis (95.4%) was higher but not significantly different from mycosisin the 2DB, SD and 2DA Top Cop (P = 0.598),
the 3 Quadris (P = 0.077), and the 3 Tilt (P = 0.057) treatments. Mycosisrate was 71.7, 49.1, and 65.8% in the 2DB, SD, and
2DA Bravo treatments, respectively [P = 0.007; Tukey test: control (a), 2DB (ab), SD (b), 2DA (b)]. Inthe B. bassiana series,
control mycosis (81.2%) was significantly higher than mycosisin any of the 3 Bravo [P <0.001; Tukey test: control (a), 2DB
(26.7%b), SD (18.3%b), 2DA (45.0%hb)] and any of the 3 Tilt [P <0.001; Tukey test: control (a), 2DB (57.5%b), SD (41.7%b),
2DA (40.8%b)] treatments. Significant differences also were found in the Quadris treatments [P = 0.001; Tukey test: control
(a), 2DB (65.8%ab), SD (63.3%bc), 2DA (45.8%c)] and in the Top Cop treatments [P = 0.005; Tukey test: control (a), 2DB
(38.3%b), SD (48.3%b), 2DA (60.8%ab)]. At all 3 times of application, the fungicides were generally more compatiblein vivo
with P. fumosor oseus than with B. bassiana.
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Effects of Beauveria bassiana and Paecilomyces fumosoroseus on Two Lines
of Bemisia whiteflies Both Reared on Two Different Host Plants

Two lines (one from Arizona[AZ] and one from Texas [TX]) of Bemisia whiteflies were each reared in greenhouses for 6
generations on cotton 'Sure Gro 125" and cantaloupe melon 'Explorer’. Beauveria bassiana (strain GHA) and Paecilomyces
fumosoroseus (strain 613) were applied to host plants infested with early 2nd-instars from the four cultures[AZ melon, AZ
cotton, TX melon, and TX cotton] as 1-mi aliquots of conidial suspensions by using a Potter spray tower. Each test measured
the effects of 3 dosages (rates) of conidia of each fungal strain using 3 replicated leaves per dosage (35--50 2nd-instars per
leaf). Threereplicated carrier (0.01% aqueous Tween 80) controls were included with each treatment. Following spray
applications, the leaves were incubated at 25°C, 50% RH and a 16 h photoperiod and were monitored daily for 10 d for whitefly
mortality. The Abbott correction for control mortality was not used because only mycosis, not total mortality, in the 2™
instars was considered. Proportions of mycosisin the eight fungus--whitefly culture--host plant combinations were arcsin
square root transformed prior to ANOVA. When dosage effectsin any of the 8 combinations were significant, means were
separated using Tukey HSD test. Untransformed means are presented. Probit analysis was used to estimate the eight 10-d
LD,, values (conidiaZmm?), and other regression parameters.

B. bassiana. There was no dosage effect on mycosis rates in the nymphs from the AZ cotton culture (P = 0. 145; 49.2%
mycosis at high dosage [940 conidia/mm?]), nor in nymphs from the TX cotton culture (P = 0.735; 47.6% mycosis at high
dosage). Mycosisrates were 31.2 (Tukey test: b), 55.0 (b) and 83.9 (a)% in nymphs from the AZ melon culture at the low,
medium and high dosage, respectively (P = 0.004). No dosage effect was found in the mycosed nymphs from the TX melon
culture (P = 0.093; 72.5% mycosis at high dosage). The 10-d LD, values were fold lower (=67 conidia/mm?) in both melon
series than in both cotton series (- 934 conidialmm?). Judged by the overlap between the confidence limits of the LD, values
in both melon and both cotton cultures, the two lines of Bemisia nymphs were equally susceptible to B. bassiana when

reared on either host plant. The lack of overlap among the melon and cotton LD, valuesindicated that both the AZ and TX
lines of Bemisia were less susceptible to B. bassiana infection when reared on cotton than when reared on melon.

P. fumosoroseus. Only 28.5 (AZ cotton) and 12.1% (TX cotton) of nymphs died from mycosis after exposure to the high
dosage (893 conidia/mm?) of the fungus. No dosage effect was found in either series (AZ cotton: P = 0.413; TX cotton: P =
0.076). Mycosisratesinthe AZ melon culture were 37.7 (Tukey test b), 71.1 (ab) and 82.8 (a)% at the low, medium and high
dosage, respectively (dosage effect: P = 0.04). Inthe TX melon culture, the rates were 31.0 (b), 67.3 (a) and 88.3 (a)% at the
low, medium and high dosage, respectively (dosage effect: P = 0.006). The 10-d LD, valuesfor AZ melon and TX melon were
74 and 91 conida/mm?, respectively and were not significant different (overlap of confidence limists). The two lines of

Bemisia nymphs were therefore equally susceptible to P. fumosoroseusinfection. The LD, valuesfor AZ cotton and TX

cotton could not be calculated, but were estimated to be >4,000 and >39.000 conidia/mm?, respectively, which indicated that
Bemisia reared on cotton was not susceptible to P. fumosoroseus.

We concluded that there was no line effect, but a strong host plant effect on B. bassiana and P. fumosoroseus pathogenicity
to Bemisia nymphs. We hypothesize that gossypol or other allelochemical(s) might have been involved in antimicrobiosis on
cotton leaves. The hypothesisis being tested.
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Effect of Neem, Urea and Amitraz on Oviposition and Immature
Development of Bemisia argentifolii (Homoptera: Aleyrodidae)

The effect of two formulations of neem seed extract, a crude extract from India and Azatin, a neem-based insecticide, urea and
amixture of neem seed extract + urea, were investigated as oviposition suppressants and larvicides against Bemisia
argentifolii Bellows & Perring. Both seed and soil applications to cotton were tested. Pre-treatment of cotton seeds by neem
seed extract did not significantly suppress oviposition but it was suppressed when it was applied as a soil treatment.

However, both seed and soil applications of neem seed extract produced significant mortality of immatures leading to reduced
emergence of adults. Azatin was effective in suppression of oviposition aswell asininducing larval mortality by both
methods of application. Treatment of cotton seeds by urea was effective in reducing oviposition but was ineffective in a soil
application. Although treatment of seeds or soil by urea was not toxic to immatures by itself, a mixture of neem seed extract +
ureawas more effective in the suppression of oviposition and immature mortality, thus reducing the numbers of adult
whiteflies that emerged.

Foliar applications of neem seed extract and Amitraz, a non-chlorinated formamadine, were investigated in another series of
tests of their effects on oviposition and devel opment of whitefly immatures. Both compounds effectively suppressed
oviposition and induced mortality of immatures. Ovicidal activity of Amitraz appeared to occur late in embryonic
development, or even post-embryonically during eclosion. These results suggest that neem or Amitraz may serve as
aternative chemicals to conventional insecticides in aresistance management program for whiteflies.
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Control of Silverleaf Whitefly and Turnip Aphid on Collardswith Foliar and Soil-Applied Systemic I nsecticides

The grower may have the option to apply systemic insecticides to the foliage or the soil. The objective of this study wasto
compare the efficacy of these two application methods against the silverleaf whitefly (SLF). Two sets of 3 of fertilized beds 32
inch wide, 240 ft long were fumigated with 67/33% methyl bromide/chloropicrin, covered with black polyethylene film and drip
irrigated. The 2 sets of 3 rows were separated by a 15 ft drive middle and the middle row of each set was planted with collard
seedlings on 12 January as a source of pest inoculum. Greenhouse raised collard seedlings were planted in the remaining 4
beds at 18-inch spacing on 13 February. Each bed was divided into 7 plots 34 ft long to which 6 treatments and untreated
check were assigned in a RCB design with 4 replications. Soil treatments were applied in 10 ml water to each plant hole on 06
Mar. Foliar treatments wereinitiated 28 April with ahigh clearance sprayer utilizing a hydraulic pump operating at 200 psi and
delivering the spray at arate of 33 GPA through one drop boom on each side of the row and one overhead, each equipped

with 1 yellow hollow cone Albuz7 nozzle. These applications included 2 of CGA-215 and CGA293 on 28 Apr and 15 May and
6 each week of acetamiprid and Provado beginning 28 Apr.. Silwet at 0.25% V/V was added to the tank with all sprays.
Aphids and adult whiteflies were sampled in soil-treated and check plots on 2 whole leaves (one upper 18 x 25 cm and one
lower 29 x 34 cm, April 7 and 20 respectively) on each plant, 10 plants/plot. Most aphids were found on the upper leaf and
whiteflies on the lower leaf. Sampling for adult whitefliesin all plots began 01 May using a9 X 13 inch metal cake pan (Abeat
pan@) painted black and covered with a 10% detergent/vegetable oil mixture. Total number of adults captured from three
beats on one side of 3 separate plants was counted as a sub-sample with 4 sub-samples collected/plot. |mmature whiteflies
were counted under a stereoscopic microscope in the laboratory on 4 leaves (1,000cm?)/plot collected from the field on 05

May and 14 May. Also on 14 May spider mite infestation was evaluated on 4 leaves/plot by rating on a scale of 0 to 3 where

0 indicated no mites, 1 indicated 1-15, 2 indicated 16-45, and 3 indicated 45> were counted/leaf.

Turnip aphids were present on 7 April but disappeared |ater following the appearance of numerous coccinellids. Both aphid
and whitefly numbers were significantly lower in soil-treated plots on 7 April compared to the check with no significant
difference between treatments. The same pattern was seen with whiteflies on 20 April. On al subsequent dates, fewer
whitefly adults were observed on treated plantsin al plots compared to the check except on 04 June for plants treated with
CGA-215. There were never any significant differences between soil treatmentsin number of adults although the overall mean
was dlightly lower with Admire. Neither were there any significant differences between foliar CGA-293 and acetamiprid
although the overall mean for the latter was numerically lower. CGA-215 provided the least protection against adults,
significantly less than acetamiprid on 5 sample da