Acknowledgements

| wish to express my most sincere appreciation to my major prof@sdrod Youngman.
He provided excellent opportunities, resour@jice,encouragement, assistanead friendship
during my years as his student. We had a successful relationship together that will certainly benefit
me in life.

| would also like to thank my committee members, Dr. Timothy P. MacklLoke T. Kok,
Dr. Scott M. Salom, and Dr. Paul R. Peterson, witms@swere alwayopen toprovide mewith
advice and guidanceThanks also teach of thenfor putting agoodword in on my behalf on a
number of occasions.

| am deeply indebted to Mr. Curtis A. Laub for his selfless sharirignef hardwork, and
friendship. We spent countless hotogether in cornfields, alfalfa fieldand softball fields. |
could not have asked for a better work partner or teammate.

| thank all of the professors irthe entomology department at Virginia Tech who made me
work hard, but treated me with respect and kindness and encouraged my success. It was a joy to be
part of that department for so long.

A special thanks to those who leant a helping hand to my work, including, Alexei Sharov for
his technical genius, Tree Dellinger, Peter Warren, Stephanie StocktonSthitie Dick White,
Tom Stanley,Chuck ShorterAlec Lipscomb, BernieCline, Rob Tanzer, SylviaFernandezEric
Grissell, and Bill Day.

And last,but notleast, | want tahank the special people in my life wioing joy to my
being, mywonderful parents, Al an®oris Kuhar, mysiblings andtheir kids, and my strong,
beautiful wife Stacey.



Table of Contents

INEFOTUCTION ...t e e et e e e e eeeeens 1
Chapter 1

Alfalfa WeeVil ITErature rEVIBW............oocviriiie e 2
Chapter 2

Alfalfa weevil pest status and incidence of selected natural enemies in Virgin@
Chapter 3

Population dynamics and mortality of the alfalfa weevil in Virginia.................. 20
Chapter 4

Phenology of the alfalfa weevil in Virginia............cccoovvvvvviiiiiiiiee e 46
Chapter 5

SUIMIMITY ettt ettt e e et et e e e et e e e e e et e e e et e e e e ean e e e et e e e eaaneeeenanas 63

R O NS ... e 65



2.1.

2.2.

2.3.
2.4,
2.5.
3.1.
3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

4.1.

4.2.

List of tables

Alfalfa weevil densities in the three major alfalfa-growing regions of Virginia;

1996-98 14
Percentage of fields exceeding the economic threshold for alfalfa weevil in

Virginia, 1996-98 15
Parasitization levels of alfalfa weevil larvae in Virginia; 1996-98 16

Levels ofZ. phytonominfection in alfalfa weevil larvae in Virginia; 1996-98 17
Economic impact of alfalfa weevil in Virginia 18
Alfalfa weevil population levels at three locations in Virginia, 1997-98 31

Average monthly temperatures and alfalfa weevil oviposition degree-day
(ODD) accumulations at three locations in Virginia, 1997-98 32

Comparison of predicted alfalfa weevil egg numbers according to a
temperature-based oviposition function and observed egg numbers at three
Virginia locations, 1997-98 33

Alfalfa weevil population levels at three locations in Virginia, 1998-99 34

Average monthly temperatures and alfalfa weevil oviposition degree-day
(ODD) accumulations at three locations in Virginia, 1998-99 35

Comparison of predicted alfalfa weevil egg numbers according to a
temperature-based oviposition function versus observed egg numbers at three
Virginia locations, 1998-99 36

Beauveria bassianafection of alfalfa weevil adults at three locations in
Virginia 37
Microctonus aethiopoideparasitization of alfalfaveevil adults at three
locations in Virginia 38

Zoophthora phytononinfection andBathyplectespp parasitization of
alfalfa weevil larvae at three locations in Virginia 39

Partial composite lifetables bf. posticaat Rustburg (a), Fairfield (b), and
Blacksburg, Virginia (c). 40

Linear regression of individual submortaliti&sv@lues) against total mortality
(K) of H. posticaat three locations in Virginia, 1997-99. 41

Occurrence of 50% of the total larval population of alfalfa weevil at three
locations in Virginia 52

Alfalfa stem height at peak infestation of alfalfa weevil larvae in three locations
of Virginia 53



4.3.

Predicted adult emergenceMicroctonus aethiopoides Virginia

54



2.1.
3.1.

3.2.

3.3.

3.4.

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.

4.8.

List of Figures
Virginia counties surveyed for alfalfa weevil from 1996-98. 19

Overwintering survival of alfalfa weevil adults in Virginia. Data points represent
the mean (x SEM) of the proportion of adult population from 3 fields.
Triangles represent Rustburg, diamonds represent Fairfield, and squares
represent Blacksburg. Black represents the 1997-98 season and white
represents1998-99. 42

Fluctuations in individual mortalitie&{ values) with total mortalityi{) of H.

postica over 6 field-years at Rustburg, Virginia;= eggs not laidk2 = egg
mortality, k3 = period-one larval mortalitiks = Z. phytonomiks = larval

parasitism. 43

Fluctuations in individual mortalitie&{ values) with total mortalityl{) of H.

postica over 6 field-years at Fairfield, Virginiki = eggs not laidgz = egg
mortality, k3 = period-one larval mortalitiks = Z. phytonomiks = larval

parasitism. 44

Fluctuations in individual mortalitie&{ values) with total mortalityl{) of H.

postica over 6 field-years at Blacksburg, Virginka;= eggs not laick2 = egg
mortality, k3 = period-one larval mortalitis = Z. phytonomiks = larval

parasitism. 45

Population dynamics of alfalfa weevil eggs, period-one larvae (instars 1 and 2),
and period-two larvae (instars 3 and 4) at three locations in Virginia; 1997-98.
Data points represent the mean = SEM of three fields. 55

Population dynamics of alfalfa weevil eggs, period-one larvae (instars 1 and 2),
and period-two larvae (instars 3 and 4) at three locations in Virginia; 1998-99.
Data points represent the mean = SEM of three fields. 56

Phenological area graphs of alfalfa weevil populations at three locations of
Virginia; 1997-98. Each graph represents a mean of 3 fields. 57

Phenological area graphs of alfalfa weevil populations at three locations of
Virginia; 1998-99. Each graph represents a mean of 3 fields. 58

Seasonal occurrence of alfalfa weevil larvae over time. Data represent the mean
= SEM of three fields at each of three locations in 1998 (a) and (1999 (b); Blue
= Rustburg, Green = Fairfield, Pink = Blacksburg. Colored tick marks on the x-
axis refer to the date of 50% occurrence of the population. 59

Spring growth of alfalfa at three Virginia locations in 1998 and 1999. Data
points represent the mean + SEM of three fields. 60

Phenological synchrony of the parasit@danuruswith alfalfa weevil larval
populations at three locations in Virginia, 1998. Data points represent the mean
+ SEM of three fields. Hatched areas indicate the activity peri&d afiurus

adults based on a degree-day range of 177 to 260 DD base 9°C. 61

Phenological synchrony of the parasit@danuruswith alfalfa weevil larval

Vil



populations at three locations in Virginia, 1999. Data points represent the mean
+ SEM of three fields. Hatched areas indicate the activity periBd afiurus
adults based on a degree-day range of 177 to 260 DD base 9°C.

viil

62



