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Dr. Teddy E. Morelock
For over 20 years, the spinach program conducted by Dr. Teddy E. Morelock at the University of
Arkansas was the only public sector breeding program in the United States. He was named a
Fellow of the American Society of Horticultural Sciences (ASHS), class of 2004. He received
the John W. White Team Research Award from the Uof A in 2005 and 2007. His most recent
recognition was the ASHS Distinguished Researcher Award, 2009. He served on numerous
university committees and grant writing teams generating nearly 3.5 million dollars to the U of
A.
He was born June 13, 1943 to Ted and Fanny Hembree Morelock and died April 18, 2009 in
Fayetteville, Arkansas. He was preceded in death by his wife of 34 years, Jane M. Morelock.
Dr. Morelock graduated from Greenland High School, received his B.S.A. and M.S. in
Horticulture from the University of Arkansas (UofA) and his Ph.D. in Plant Breeding and
Genetics from the University of Wisconsin. He returned to the UofA in 1974 as an Assistant
Professor in the Department of Horticulture. He served as Associate Professor and Professor and
was promoted to University Professor status in 2007. He was an Adjunct Professor for 20 years
with Texas A & M. Dr. Morelock’s major research contributions to horticulture involved the
development and introduction of improved cowpea, spinach, turnip and mustard varieties.
Additionally, he was an Angus breeder, Advisor of the Year in 2001 for the National Jr. Angus
Assoc. and loved helping youth. He had served on the Arkansas Angus Board. He served on
several advisory 4-H committees in Washington County.
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Dr. Teddy Morelock was a valued colleague and friend to many of us in the spinach and
horticulture industry. His insight, companionship, and sense of humor will be dearly missed
by all.
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November 11, 2009

I want to welcome you to the 2009 International Spinach Conference dedicated to the
memory of Dr. Teddy Morelock, a friend, colleague, and mentor to all of us here.
Dr. Morelock was born just down the road in Greenland, AR; he graduated from the University
of Arkansas with a BSA 1966 and an MS in Horticulture in 1968. He attended the University of
“Visconsin” as he would say and graduated with his PhD in plant breeding in 1974. Teddy joined
the UA horticulture faculty as a vegetable extension specialist. He took over the vegetable
breeding position with the retirement of Dr. Bowers and was promoted to Associate Professor in
1978 and to Professor in 1988. Dr. Morelock focused his research on improving of spinach and
southernpea, important crops in the state and region.
His work is important. He made vast improvements in yield, plant architecture, nutritional
components, and disease resistance in southernpea. In spinach, he improved yield, form,
nutritional components, and solved some of the worst disease problems. His genetics are
represented in most of the spinach grown for fresh and processing use in the US today. He
released some 13 selections of southernpeas, six spinach cultivars, as well as turnips, collards,
mustards and other vegetables. I once challenged him to breed the world’s hottest pepper; little
did I realize that I had created a monster.
Teddy Morelock was a team builder and had the talent for building multi talented groups of
peers to develop and accomplish work on nutrition, plant physiology, biotechnology, food
science, and any number of profitable research areas. Always dealing with spinach and
cowpea.
He had a heart of gold and would do anything for you. He had a sharp and quiet sense of
humor. He also asked questions and spoke his mind. You seldom had to guess at his opinion.
Dr. Morelock earned numerous awards and honors during his celebrated career. He was,
among others, elected as a Fellow of the ASHS and appointed as University Professor, both are
the highest honors of our profession. He was also my friend, something I consider among the
highest honors that I will ever receive.
He will be missed, but let us celebrate his accomplishments in the conference named for him. I
can hear him complaining about that now.
Sincerely,

David Hensley,
Professor and Department Head
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Verticillium & Spinach: Developing a Standardized Seed Health Assay
Lindsey J. du Toit, Steven T. Koike, and Krishna Subbarao

2:20-2:40 pm

Molecular seed assay for detection of multiple spinach pathogens
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Phytophthora capsici on vegetables.
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Escherichia coli contamination of leafy greens in field studies.
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Tracking the origin of Muscoid flies that transmit human enteric bacteria
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5:00-6:00 pm

Campus greenhouse and lab tour (optional)

6:30-8:30 pm
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Spinach production in the U. S. and current challenges
Jay Schafer, Schafer Ag Services LLC. Mt. Vernon, WA
Spinach cultivation practices in the U.S. have changed hanged considerably over the past 20
years. Changes in cultural practices have resulted in substantial increases in yield and product
quality due to a shift from narrow to wide beds, new designs in planting equipment, and
implementation of mechanical harvest. There is the pressure of continued production within the
current growing areas. California and Arizona represent 85% of the US fresh spinach market,
and California represents 69 % of the processed spinach market giving concerns about the
reliance on these primary areas of production. At any given time, weather, disease, or other
conditions can create market vulnerability. As well, demand for locally grown produce will open
up other production areas. Production problems may also be resulting due to the differences
between conventional vs. organically grown spinach. Leaf spot and other soil-borne diseases
have been on the rise. Differing disease control practices and the limitations of seed treatment to
control seed-borne diseases continually need to be addressed. For example, since 2003 there
have been 5 new races of downy mildew alone. This increases the challenge for seed companies
to provide growers with disease resistant varieties especially needed for the organic market. With
the return of consumer confidence and increased safety standards production acreage is
recovering from the 2006 E. coli 0157:H7incident. In perspective, according to USDA/NASS
statistics, fresh spinach consumption has grown 1200% from the early 1970’s to 2005. This was
primarily fueled by the convenience of triple-washed cello bagged spinach introduced in the mid
90’s. More importantly, the nutritional value of spinach, considered to be a super food, has led
to the increase in customer consumption.
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Spinach seed production
Lindsey J. du Toit, Washington State University Mount Vernon NWREC, Mount Vernon,
WA 98273. dutoit@wsu.edu
Few areas of the world have the climatic conditions required to produce high quality spinach
seed, i.e., long summer daylength for uniform flowering, dry summers to minimize pathogen
infection of developing seed, and mild temperatures for this heat-sensitive species. As a result,
the few countries in which spinach seed is produced commercially include Denmark (~5,000 ha
annually), the USA (~1,500 ha annually in the maritime region of western Washington and
western Oregon), France (~220 ha), Italy (~250 ha), Holland (~500 ha), and New Zealand (~200
ha). In addition, seed crops of ‘Asian’ spinach types (Tetragonia spp.) are produced on ~8,000
ha annually in China for eastern markets. An overview of spinach seed production will be
presented to illustrate the complexity of producing high quality spinach seed of cultivars that
meet the requirements of growers and consumers. General aspects of spinach seed production
will be discussed including breeding and stock seed production, crop rotation, cross-pollination
isolation systems, field preparation and fertility, insect and disease management practices, weed
control, seed harvest, seed cleaning, seed health and quality testing, seed conditioning and
treatments, and some of the primary issues that drive the development of new spinach cultivars.
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The Effect of Spinach Plant Population on Fresh Market and Processing
Spinach Yield
Larry A. Stein1, Marcel Valdez2, Aaron Phillips3, Ed Ritchie4 and Jimmy Crawford5
1

Professor and Extension Horticulturist, Texas AgriLife Extension Service, Uvalde, TX, 1
County Extension Agent-Ag, Zavala County, TX, 1 Former Field Supervisor/Ag Research,
Del Monte Foods, Crystal City, TX, 1 Grower, shipper, Tiro Tres Farms, Eagle Pass, TX, 1
Grower, Crawford Farms, Uvalde, TX

Six plant population studies along with variety trials were planted in the ’08-’09 growing season;
five were fresh market and one processing. Plots were established on the following Crawford
Farms - Janco, Carnes, Crawford Home, Ehler, Coleman, and the Tiro Tres Farm at La Pryor.
Three fresh market plant populations were studied, about 538,000, 752,000, and 941,000 seed/A.
There were no significant differences in yields at any of these plant population densities meaning
the lower populations could be used to decrease costs. The top yielding fresh market variety was
Samish followed by Viceroy. The lower plant population densities also yielded more than the
higher density in the 18 lines per bed test at La Pryor. This same trend held true for the
processing spinach as well; though there were no significant differences in yield from 470,000
seed/A up to 940,000, there was a trend for 538,000 seed/A to perform well. There was no
difference in yield between DMC 07, DMC 16 or ARK-154. However, the 154 did yield more
grade #1 spinach.
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The U.S. Spinach Germplasm Collection
D. M. Brenner, North Central Regional Plant Introduction Station, Agronomy
Department, Iowa State University, Ames, IA.
The U.S. National Plant Germplasm System collection of spinach (Spinacia oleracea )
germplasm is maintained at the North Central Regional Plant Introduction Station in Ames,
Iowa. The 401 accessions of the collection are freely distributed for research and development
use. Fresh seed stocks are produced for the collection by collaboration between USDA-ARS
and Sakata Seed America, Inc., in Salinas, California. The spinach collection is a very active
germplasm collection; we distributed 668 packets of seeds to researchers in 2008. Collection
information is stored on the public Germplasm Resource Information Network (GRIN) database
(http://www.ars-grin.gov/npgs/). To help select accessions for research objectives, over 7,200
data points on traits such as: mineral concentration, leaf shape, and seed weight are available. In
addition to cultivated spinach, our collection also includes representatives of both of the wild
Spinacia species: S. tetrandra (9 accessions) and S. turkestanica (13 accessions). These wild
collections are particularly challenging to maintain because they have seed-dormancy. Some S.
tetrandra seeds germinate in the fall, following January plantings. We are acquiring wild species
of genera related to Spinacia to facilitate research. These related genera include Monolepis
(acquired), and Micromonolepis, and Suckleya which are to be acquired from wild populations in
the United States.
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Spinach sensitivity to residual activity of summer-applied herbicides
N.R. Burgos, V.K. Shivrain, E.A.L. Alcober, T.M. Tseng, D. Motes, S. Eaton, L. Martin
University of Arkansas, Fayetteville
Experiments were conducted at the University of Arkansas Vegetable Substation, Kibler, AR in
2007 and 2008. Experimental units were arranged in a strip-split-plot design with herbicide
application time as the main strip plot, planting date of crops as subplot, and herbicide treatments
as sub-subplot with three replications. Herbicides evaluated at commercial label rates were:
imazethapyr (Pursuit), imazamox (Raptor), halosulfuron (Sandea), sulfentrazone (Spartan) at two
rates, clomazone (Command), fomesafen (Reflex) at two rates, flumioxazin (Valor) at two rates,
and rimsulfuron (Matrix) at two rates. The herbicides were applied in mid-May, mid-June, and
mid-July. Canola, collards ‘Champion’, kale ‘Premier’, mustard ‘Southern Giant Curl’, turnip
‘Purpletop’, and spinach ‘AR380’ were planted into treated plots in mid-September and midOctober. Crops were harvested 40 d after planting. The herbicide treatment and the interval
from application to planting affected crop performance. Planting date x herbicide treatment
interaction was significant. On average, planting spinach in late October did not cause any stand
loss. Pursuit, Spartan (both rates), and the high rate of Reflex showed the highest residual effect
on spinach, averaged over herbicide application time and crop planting time. Most herbicides
showed significant carryover effect to spinach planted 74 d after application (DAA), which
resulted in yield reduction. Averaged over herbicides, planting spinach at least 100 DAA did not
cause yield loss. Averaged over application timing, most herbicide treatments did not reduce
spinach yield; however, Pursuit, both rates of Spartan, and the high rate of Reflex caused yield
loss, regardless of planting interval. In Kibler, spinach planted in September had higher yield
than that planted in October although the October crop had better stand than the September
planting because of suboptimal growing conditions late in the year. Therefore, clomazone,
imazamox, halosulfuron, flumioxazin, and rimsulfuron applied in the spring and summer do not
carry over to spinach planted in the fall.
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Current and Pending Spinach Herbicide Research in Texas and Oklahoma
Russell Wallace1 and Lynn Brandenberger2*
1
2

Texas AgriLife Research & Extension Center, Lubbock, TX
Oklahoma State University, Stillwater, OK

Introduction: With a limited number of registered herbicides, the spinach industry continues to
be in serious need of weed management research, especially in regards to the potential overuse of
Dual Magnum as well as carryover concerns with Stinger. Continued herbicide screening is
needed to evaluate potential products with respect to rates, tank-mixes, timings and use patterns.
No herbicide controls all weeds in spinach, and as a result, hand-weeding is often necessary to
fill in the gaps. The objectives of these efforts were to evaluate currently registered and potential
candidates for use in spinach as part of an overall herbicide-screening program for weed control,
crop injury and yield in Texas and Oklahoma. In addition, Texas research has sought to
document the effects of hand-weeding following herbicide applications in spinach, and its effect
on weed populations, yield and grower profitability.
Texas Results: Overall, there was a negative cost to using both PRE and POST herbicides in
processing spinach in 2008, which is similar to results of trials from previous years. However,
growers are left with few chemical choices for weed management. These results indicate that
spinach crops are very sensitive to herbicide applications. Negative costs were not only
attributed to the actual cost of the chemical and application, but to the reduced yields where
herbicides were applied, which was significant in some treatments. With the high weed pressure
found in the hand-weeded control during 2008, herbicides were necessary. However, Dual
Magnum enhanced yields in 2008 when compared to the hand-weeded control primarily due to
the lack of weed pressure and crop injury from hoeing. Applying Stinger alone at the 2-leaf
stage did not reduce yields. Spin-Aid significantly reduced revenues.
Table 2 shows the average crop injury, spinach yield; weed management costs and revenues for
spinach when data from 2007 and 2008 are averaged across both years. In general, trends for
crop injury were similar both years, and fairly consistent across years. Due to differing
environments between years, spinach yields were lower in 2008 compared to 2007, but trends
were generally consistent as well. The only main exception again was with the hand-weeded
controls. In 2007, little to no hand-weeding was necessary at a cost of $85/A. However, due to
the high weed pressure in 2008, the hand-weeded controls were hoed twice at an estimated cost
of $326/A approximately a 4 week interval between treatments. This resulted in an increase of
$241/A most likely due to field location and environmental differences between seasons. There
was significant weed competition to the crop in 2008, as well as injury to the spinach from
hoeing. This resulted in a loss of approximately 4.7 tons (or $399/A revenue) in 2008 compared
to 2007. High density spinach plantings are not conducive to hand-weeding crews due to the
close nature of emerging seedlings and must rely on quick emergence and shading to compete
with weeds that have escaped herbicide applications. Excellent preemergence control is
necessary to avoid hand-weeding losses. Further research is needed to evaluate the effects of the
effects registered herbicides combined with hand-weeding on weed populations and grower
profits when evaluated over several seasons. Complete results of these trials are available at:
http://lubbock.tamu.edu/horticulture/research.html.
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Oklahoma Results: Results are from preemergence and postemergence tests completed during
2006. In the preemergence study the number of plants per 0.5 meter squared varied for several
of the treatments. It ranged from 0 for the two higher rates of KIH 485 to nine plants for Far-Go
at 1.5 lbs ai/acre (Table 2). The four treatments with higher plant numbers included the weeded
check, Far-Go at 1.25 and 1.5 lbs ai/acre, and Lorox at 0.1 and 0.2 lbs ai/acre. Crop injury was
lowest for the untreated and weeded checks followed by Far-Go and Lorox treatments. Injury
was observed primarily as stunting, but the KIH 485 and the Eptam treatments resulted in few to
no emerged seedlings. Control of Palmer amaranth (Amaranthus palmeri S. Wats.) was highest
for the weeded check followed by treatments with Barricade, Define, Dual Magnum, and KIH
485. Although yields were lower due to the study beginning late in the season, there were
differences observed in yield. Yield ranged from a high of 5,173 lbs/acre for Dual Magnum to 0
lbs/acre for Eptam and KIH 485 treatments. The weeded check yielded 4,019 lbs/acre and
Define at 0.3 lbs ai/acre, Far-Go at 1.25 lbs ai/acre, Nortron at 0.5 lbs ai/acre, and Outlook at
0.125 lbs ai/acre yielded 4,495, 3,446, 3,171, 4,228 lbs/acre, respectively.
In the postemergence study no differences were observed between treatments regarding the
number of plants per 0.5 meter2 (Table 3). Crop injury ranged from 0 to 84%. Lorox at 0.1 and
0.2 lb ai/acre had the highest percentage of injury with 35 and 84%, respectively. All other
treatments had injury that ranged from 1 to 13%. Control of Palmer amaranth varied
considerably between treatments. The weeded check and Lorox at 0.2 lb ai/acre had the highest
levels of weed control in the study with 100 and 85% control, respectively. The weeded check
yielded the highest with 4,019 lb/acre fresh weight. The untreated check and herbicide
treatments did not vary in yield, but were significantly lower in yield than the weeded check.
Preemergence herbicides that were applied post in the manner of a lay-by treatment resulted in
acceptable levels of crop injury, but did little to control weeds. Although Lorox at 0.2 lb ai/acre
provided significant control of Palmer amaranth, it also caused a high level of injury. Yields
were considerably lower than those recorded in a previous study in spinach grown over-winter,
but this study was planted late in the spring and no preemergence weed control was used. The
authors recommend that further work include the use of Dual Magnum as a preemergence weed
control for all treatments, earlier applications of treatments i.e. within 2wk of planting and that
Lorox should not be included as a post treatment on spinach. Complete results of these trials are
available at: http://www.hortla.okstate.edu/pdf/06vegreport.pdf.
Additional results may be available for discussion at the spinach conference from research that
was initiated in September, 2009.
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Table 1. Effect of herbicide treatments and timings on spinach injury, fumitory control, yield, herbicide costs and potential
revenues in spinach grown in the Texas Wintergarden (2008).

Trt. #

Treatment *

Product
Rate/A

Timing

Injury
01/05

Fumitory
01/05

Yield

Total cost
of the
individual
herbicide
program*

-------- % ---------

% Control

Tons/A

---- $/A ----

--- $/A ---

0

57 c-g

Injury
12/15

Revenue/A
following
herbicide &
seed
expenses

1

Untreated

0h

0i

0c

2.7 de

2

Handweed

0h

0i

99 a

5.0 a-e

3

Ro-Neet 6E

4.5 pints

PPI

9 gh

0i

98 a

3.6 a-e

41

4

Dual Magnum 7.62E

10.9 oz

PRE

10 f-h

3 hi

99 a

6.4 ab

23

353 ab

5

Dual Magnum +
Dual Magnum +
NIS ($3/A)

5.5 oz
5.5 oz
0.25% v/v

PRE
2-leaf
2-leaf

11 e-h

9 g-i

93 ab

5.0 a-e

32

227 a-e

Dual Magnum +
Dual Magnum +
SelectMax 0.97EC +
NIS

5.5 oz
5.5 oz
16.0 oz
0.25% v/v

PRE
2-leaf
2-leaf
2-leaf

0h

0i

85 b

6.8 a

49

361 a

Ro-Neet +
Dual Magnum

4.5 pints
10.9 oz

PPI
PPI

24 c-e

15 d-h

99 a

3.8 a-e

58

91 a-g

Ro-Neet +
Dual Magnum

4.5 pints
10.9 oz

PPI
PRE

23 d-f

14 e-i

99 a

5.1 a-e

64

197 a-f

Ro-Neet +
Dual Magnum +
Stinger 3EC

4.5 pints
10.9 oz
0.5 pint

PPI
2-leaf
2-leaf

24 c-e

26 b-e

99 a

3.7 a-e

95

48 c-f

Ro-Neet +
Dual Magnum +
Spin-Aid 1.3EC

4.5 pints
10.9 oz
3.0 pints

PPI
2-leaf
2-leaf

46 b

35 b

99 a

3.3 b-e

123

-14 d-f

Dual Magnum +
Stinger

10.9 oz
0.5 pint

PRE
2-leaf

14 e-g

16 d-h

98 a

6.0 a-c

60

281 a-c

Dual Magnum +
Stinger +
Stinger

10.9 oz
0.25 pint
0.25 pint

PRE
2-leaf
5-leaf

10 f-h

11 f-i

95 a

3.8 a-e

66

87 b-g

Dual Magnum +
Spin-Aid

10.9 oz
3.0 pints

PRE
2-leaf

33 cd

20 c-f

99 a

4.0 a-e

88

83 b-g

Dual Magnum +
Spin-Aid +
Spin-Aid

10.9 oz
3.0 pints
3.0 pints

PRE
2-leaf
5-leaf

60 a

50 a

99 a

2.4 e

153

-75 fg

Dual Magnum +
Spin-Aid

10.9 oz
6.0 pints

PRE
5-leaf

36 bc

29 b-d

99 a

2.8 de

147

-82 g

Dual Magnum +
SelectMax +
NIS

10.9 oz
16.0 oz
0.25% v/v

PRE
5-leaf
5-leaf

8 gh

14 e-i

97 a

4.0 a-e

49

119 a-g

6

7

8

9

10

11

12

13

14

15

16

18

326

-73 fg
99 a-g
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Dual Magnum +
Stinger +
SelectMax +
NIS

10.9 oz
0.25 pint
9.0 oz
0.25% v/v

PRE
2-leaf
2-leaf
2-leaf

8 gh

9 g-i

95 a

5.7 a-d

58

254 a-d

Table 1 (continued). Effect of herbicide treatments and timings on spinach injury, fumitory control, yield, herbicide costs and
potential revenues in spinach grown in the Texas Wintergarden (2008).

Trt. #

18

19

20

21

Treatment

Product
Rate/A

Timing

Injury
01/05

Fumitory
01/05

Yield

Total cost
of the
individual
herbicide
program*

-------- % ---------

% Control

Tons/A

---- $/A-----

--- $/A ---

Injury
12/15

Revenue/A
following
herbicide &
seed
expenses

Dual Magnum +
Stinger +
SelectMax +
NIS

10.9 oz
0.5 pint
16.0 oz
0.25% v/v

PRE
2-leaf
2-leaf
2-leaf

15 e-g

16 d-h

97 a

5.1 a-e

80

183 a-g

Dual Magnum +
Spin-Aid +
SelectMax +
NIS
Spin-Aid +
SelectMax +
NIS

10.9 oz
3.0 pints
0.25 pint
0.25% v/v
3.0 pints
0.25 pint
0.25% v/v

PRE
2-leaf
2-leaf
2-leaf
5-leaf
5-leaf
5-leaf

61 a

50 a

99 a

3.6 b-e

177

-41 e-g

Dual Magnum +
Spin-Aid +
Stinger

10.9 oz
3.0 pints
0.25 pint

PRE
2-leaf
2-leaf

36 bc

25 b-f

99 a

2.5 e

104

-66 fg

Dual Magnum +
Spin-Aid +
Stinger

10.9 oz
6.0 pints
0.5 pint

PRE
5-leaf
5-leaf

33 cd

33 bc

98 a

3.1 c-e

166

-73 fg

* Note: Weed control program costs based on the following estimates: Ro-Neet ($35/A); Dual Magnum ($17/A); SelectMax ($17/A);
Stinger ($31/A at 0.5 pint); Spin-Aid ($59/A at 3 pints); NIS ($3/A); Total handweeding costs ($326/A based on $8.50/man-hour for two
timings in weed free plots); Sprayer costs ($6/A for each application); Seed costs at $0.31/1000 for 550,000 seeds/A ($170/A); Spinach
price ($85/ton). All other production variables are considered to be equal among all treatments and were not deducted; therefore overall
profits are expected to be lower than those estimated.
Table 2. Spring 2006 Spinach pre emergence weed control, Bixby, OK.
Percent Injury
Number
z
4/26/06
5/9/06
Treatment lbs ai/acre
plants
w
Untreated check
5.8 abcd
0 e
0 i
Weeded check
7.0 ab
0 e
0 i
def
Aim 0.03
2.3 def
38 cd
25 gh
Aim 0.015 + Roundup 1.125
1.3 ef
48 bc
68 c
Barricade 4FL 0.66
2.3 def
8 de
69 c
efg
Define DF 0.3
5.5 abcd
8 de
21 hi
Define DF 0.6
4.7 bcde
36 cd
40 de
Dual Magnum 0.65
6.5 abc
14 de
10 ghi
Kerb 1.0
0.3 f
93 a
98 ab
Eptam 7E (PPI) 1.3
0.0 f
91 a
97 ab
Eptam 7E (PPI) 3.5
0.0 f
100 a
100 a
Far-Go 1.25
7.3 ab
10 de
2 hi
Far-Go 1.5
9.0 a
0 e
4 hi
KIH 485 0.05
1.3 ef
48 bc
76 bc
KIH 485 0.1
0.0 f
93 a
100 a
KIH 485 0.15
0.0 f
91 a
99 a
Lorox 0.1
7.0 ab
0 e
9 ghi
efg
Lorox 0.2
7.3 ab
4 e
19 hi
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Amaranth
y
control
0 g
100 a

Yield
x
lbs./acre
999 cde
4019 ab

23
45
71

fg
cdef
abc

627
267
1179

de
e
cde

70
75
75
51
18
26
25
29
89
95
95
26

abc
abc
abc
bcdef
fg
defg
efg
defg
ab
a
a
defg

4495
3314
5173
186
0
0
3446
2254
633
0
0
2416

ab
abc
a
e
e
e
abc
bcde
de
e
e
bcde

43

cdef

2097

bcde

Nortron 0.5
Nortron 1.0

6.3
2.3

abcd
def

6
30

de
cde

11
45

Outlook 0.125

6.5

abc

23

cde

15

Outlook 0.25

5.8

abcd

25

cde

29

ghi
d
fgh
i
def
g

Outlook 0.5

1.3

ef

71

ab

73

c

36
29

cdefg
defg

3171
1347

abcd
cde

29

defg

4228

ab

30

defg
abcd
e
abcd
e

2509

bcde

63

424

e

2.8 cdef
18 cde
38 def
64
2416 bcde
Prowl H2O 0.5
z
Number plants=actual number of spinach plants in 0.5 square meter on 5/30/06.
y
Amaranth (Palmer amaranth) control ratings on 5/30/06
x
Yield data on 6/8/06
w
Numbers in a column followed by the same letter exhibited no significant differences based on Duncan’s Multiple Range
Test where P=0.05.
Table 3. Spring 2006 Spinach post emergence weed control, Bixby, OK.
Palmer
Injury on 5/18/06
amaranth control
Fresh yield
Number of
z
y
x
w
(%)
(%)
(lb/acre)
Treatment lbs ai/acre
plants
v
Untreated check
5.8 a
0 d
0 c
999 b
Weeded check
7.0 a
0 d
100 a
4,019 a
Kerb 1.0
4.8 a
0 d
9 bc
1,539 b
Lorox 0.1
3.0 a
35 b
23 b
738 b
Lorox 0.2
1.5 a
84 a
85 a
70 b
Outlook 0.125
5.5 a
4 d
3 c
941 b
Outlook 0.25
4.0 a
5 cd
4 bc
912 b
Outlook 0.5
7.3 a
5 cd
8 bc
1,069 b
4.8 a
1 d
1 c
691 b
Prowl H2O 0.5
Stinger 0.09
5.3 a
3 d
18 bc
976 b
Stinger 0.188
2.8 a
13 c
11 bc
1,138 b
z
2
Number plants=actual number of spinach plants in 0.5 meter .
y
Injury on 5/18/06=% of injury to crop plants
x
Palmer amaranth control ratings on 5/30/06
w
Yield data on 6/8/06
v
Numbers in a column followed by the same letter exhibited no significant differences based on Duncan’s Multiple Range
Test where P=0.05.
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2008-2009 Spinach Fungicide Trial
Marcel Valdez6, Larry A. Stein7 and Aaron Phillips8
1

County Extension Agent-Ag, Zavala County, TX, 1Professor and Extension Horticulturist,
Texas AgriLife Extension Service, Uvalde, TX, 1 Former Field Supervisor/Ag Research, Del
Monte Foods, Crystal City, TX
A spinach fungicide trial was planted on 40 inch beds on 10 October 2008 at the Del Monte
Research Farm near Crystal City. Viroflay was double planted on each bed. All treatments
received Ridomil Gold except the untreated check. It was extremely dry in the fall of 2008. In
fact, no rain was received in November or December. As a result, there was little white rust
pressure and the trial was cut on 8 January 2009 and allowed to re-grow. Spotty showers were
received in January and treatments were applied on 1/23, 1/30, 2/13 and 02/20/09. Visual ratings
were made on 2/25 and 03/04/09. Intense feral hog pressure reduced the stand time for the trial.
Even though, 2008-2009 was an extremely dry growing season there was disease blow out in late
February – early March.

All treatments were significantly better than the untreated check on 02/25/09. Serenade plus
Quadris, Omega, Presidio plus Kocide, Cabrio, Reason, Picoxystrobin, and Ranman were
somewhat better than other treatments on 2/25. Omega, Presidio alternated with Kocide, Cabrio
alternated with Kocide, Reason, Picoxystrobin, and Ranman were best on 03/04/09. Standard
white rust products continue to do a good job, but new different chemistry products show great
potential to control white rust.
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Downy mildew on spinach: the genetics and deployment
of disease resistance
J. C. Correll, C. Feng, and S. T. Koike. University of Arkansas, Fayetteville and University
of Cooperative Extension, Salinas CA. jcorrell@uark.edu
A total of 11 races of the spinach downy mildew pathogen (Peronospora farinose f. sp.
spinaciae (=Peronospora effuse) have been described and a new strain, putatively identified as a
“race 12” was recently observed. Efforts continue to characterize spinach downy mildew isolates
for their race identity as well as screen commercial spinach germplasm for reactions to races of
the pathogen. The putative race 12 strain (UA2209) is of particular concern in that it was able to
overcome many of the newly released cultivars that have race 1-11 resistance. Fortunately, some
cultivars with the Pfs-3 locus (Pfs-3 has resistant to races 1,3,5,8,9,11, and 12) are resistant to
strain UA2209. Race identification surveys in California in 2009 indicate that race 10 was
prevalent early in 2009 but that “race 12” has become more common in more recent samples
(Jul-Oct). We have previously hypothesized that there are 6 loci that govern resistance to the
known downy mildew races. Disease resistance at each of the loci appears to be complex (each
locus controls resistance to multiple races). In addition, the resistance at each locus is dominant
and segregates as single dominant locus.

Table 1. Information on several races and deviating isolates of Peronospora farinosa
f. sp. spinaciae collected in 2009.

Isolate
UA0209B
UA0209C
UA0309
UA2209
UA2509B
UA2509C
UA3209
UA3409

Date
Received
1/8/2009
1/8/2009
1/15/2009
5/30/2009
6/16/2009
6/19/2009
8/4/2009
8/18/2009

Host
Cultivar
Misano
Ottawa
Thames
Mississippi
Tbird
PV7154
Vigore
Missouri

Origin
AZ
AZ
CA
CA
CA
CA
CA
CA

Date Tested
3/13/2009
4/7/2009
1/31/2009
6/11/2009
6/23/2009
9/16/2009
9/8/2009
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Result
(race)
11
UA0209C
11
UA2209
UA2209
UA2209
UA2209
UA2209

Mildew Races Identified
2009
14
12
10

# of

8

Isolates

6

Race 10
Race 11
UA2209

4
2
0
Jan‐Mar

Apr‐Jun

Jul‐Sep
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Principal insects of spinach in the Arkansas River Valley
Paul McLeod. Department of Entomology, University of Arkansas, Fayetteville, Arkansas;
pjmcleod@uark.edu
Quality standards in today’s food processing industry require that virtually no foreign
contaminants be present in processed foods. Although insects rarely cause yield reductions in
spinach, their presence in the finished product, i.e., the can, is a major concern of the processor.
This problem is further compounded with broad, leafy vegetables like spinach. The structure of
these leaves makes it more difficult to remove insects during processing. During the 1980's
much effort at establishment of insect biology was completed on spinach in the Arkansas River
Valley. The principal insect pests included green peach aphids, seedcorn maggot, corn earworm
and grasshoppers. In recent years however, additional insect pests have surfaced. These include
the Hawaiian beet webworm, Spoladea recurvalis, the southern beet webworm, Herpetogramma
bipunctalis, and the garden webworm, Achyra rantalis. All are lepidopterous caterpillars in the
family Pyralidae. Once only detected on weeds in the Arkansas River Valley, their increased
incidence on spinach is likely due to recent changes in weed management practices in adjacent
agronomic crops such as soybean. Most soybeans are now RoundUp Ready and producers
typically permit weeds to develop much longer than with traditional weed management systems.
Webworm populations have likely increased due to the longer developmental period of weedy
host plants. Caterpillar management on spinach has been difficult with many of the available
insecticides. Currently the most successful insecticide is rynaxypyr (Coragen). The insecticide is
systemic and is most effective through ingestion. Feeding stops quickly and caterpillar death
occurs within a few days. Recent studies in the Arkansas River Valley have demonstrated the
effectiveness of rynaxypyr when applied in furrow at planting, by aircraft and by pumping
through center pivot irrigation systems.
Aphid management on spinach, unlike other crops such as greens, presents numerous difficulties.
These include influence of cool temperatures on aphids and aphicide performance, limited
impact of beneficial insects in regulation of aphid populations, and most importantly, the
structure of the spinach plant. This structure and the location of aphids on leaf bottoms, require
successful aphid management to be based on aphicides that translocate through the plant, i.e.,
systemics. One systemic aphicide, Provado (imidacloprid), has been moderately successful in
suppressing aphids on spinach. This compound offers the greatest degree of aphid management
in the last two decades. However, unsatisfactory aphid management has been reported in recent
years despite the use of imidacloprid sprays. Strong interest exists in using imidacloprid and
other neonicotinoid insecticides as spinach seed treatments. Several have been shown to quickly
translocate from soil or the seed surface into the plant tissue as seedlings emerge. Additional
information is needed to document this activity and provide data for label changes.
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Molecular and virulence characterization of Verticillium species from spinach
A. Iglesias, J. C. Correll, C. Feng, and Lindsey du Toit. Department of Plant Pathology,
University of Arkansas, Fayetteville, AR 72701. Department of Plant Pathology,
Washington State University, Mt Vernon, WA
Verticillium wilt, caused by Verticillium dahliae, is a widespread vascular disease affecting over
200 species of plants. In 2005, V. dahliae was first reported to be pathogenic to spinach seed
crops in the Pacific Northwest (US) as symptoms only develop after bolting of spinach plants
was initiated. In addition, V.dahliae was shown to be an important seedborne pathogen of
spinach. Efforts have been conducted to examine the morphological and molecular diversity of
among isolates of Verticillium recovered from spinach seed from the U.S. spinach germplasm
collection and from commercial spinach seed produced in different geographical areas. Isolates
of V. dahliae, V. tricorpus, and the morphologically similar Gibellulopsis nigrescens (formerly
V. nigrescnes) have been recovered from seed from both spinach PI collections and commercial
spinach seed. Confirmation of the species has been done through the use of multiple molecular
markers. The isolates of V. dahliae belong to two distinct VCGs, VCG 2B and 4B. Greenhouse
inoculation tests are underway to examine parasitic ability, pathogenicity, and virulence among
the diverse collection of Verticillium and Verticillium-like isolates. Different inoculation
methods are also being examined.
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Verticillium & Spinach: Developing a Standardized Seed Health Assay
Lindsey J. du Toit, Washington State University Mount Vernon NWREC, Mount Vernon,
WA 98273; Steven T. Koike, University of California Cooperative Extension, 1432 Abbott
Street, Salinas, CA 93901; and Krishna Subbarao, University of California, 1636 E Alisal
Street, Salinas, CA 93905. dutoit@wsu.edu
Verticillium dahliae causes Verticillium wilt in spinach seed crops. However, this disease is not
seen in fresh market or processing spinach crops because the pathogen only causes visible
symptoms on spinach after the plants have bolted, i.e., entered the reproductive phase for
flowering and seed development. Research has revealed the prevalence of V. dahliae in
commercial spinach seed lots from most areas of the world where spinach seed is grown.
Infested spinach seed may have a role in development of Verticillium wilt in crops grown in
rotation with spinach, although the significance of spinach seed relative to other sources of
inoculum remains to be clarified. The objective of this project is to evaluate methods of assaying
spinach seed for V. dahliae that are currently used by the seed industry, in order to develop a
sensitive, robust, and standardized spinach seed health assay that is accepted internationally.
Eleven commercial spinach seed lots were assayed at both the Vegetable Seed Pathology lab at
the Washington State University (WSU) Mount Vernon NWREC and at the University of
California Cooperative Extension (UCCE) lab in Salinas, CA using each of three seed assay
techniques: 1) a freeze-blotter seed health assay, 2) an NP-10 agar assay (semi-selective for
Verticillium spp.), and 3) a sorbose agar assay. The latter is currently listed by the U.S. National
Seed Health System (NSHS) as the protocol to test for V. dahliae on spinach seed. For each
assay, four replications of 100 seeds/lot were treated with 1.2% NaOCl, triple-rinsed and dried,
and the seed then placed on the appropriate medium. All three methods enabled detection of
Verticillium on spinach seed, and results were not significantly different between the WSU and
UCCE labs for this genus. Averaged over the 11 lots, the NP-10 agar assay detected a slightly
higher incidence of seed infected with Verticillium spp. than the freeze-blotter assay which was,
in turn, significantly more sensitive than the sorbose agar assay. Although V. dahliae was the
predominant Verticillium species observed, other Verticillium species were detected on some of
the seed lots, primarily V. tricorpus and V. nigrescens. Isolates of these species are being tested
by morphological and molecular methods to verify species identification. The NP-10 agar assay
facilitates differentiation of Verticillium species more readily than the freeze-blotter assay by
promoting microsclerotia formation. In contrast, the freeze-blotter assay was significantly more
sensitive than the NP-10 agar assay for detecting the leaf spot pathogen, Stemphylium botryosum.
Use of a 12 h/12 h day/night cycle is necessary to induce sporulation of S. botryosum for
identifying that fungus. The sorbose agar assay is functional, but excessive growth of secondary
fungi makes this method the most tedious and time-consuming of the three assays. The surfacesterilization step may not be appropriate for testing the efficacy of seed that has been treated.
Similarly, antibiotics in the NP-10 and sorbose agar media may affect fungicide or biological
control seed treatments. Development of a standardized spinach seed health assay for V. dahliae
must take these factors into consideration. A workshop will be held in spring 2010 to
demonstrate the three assays for testing spinach seed for V. dahliae. Contact Lindsey du Toit or
Steven Koike for details.
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Global migration of Verticillium dahliae in germplasm
Z. K. ATALLAH1, K. Maruthachalam1, R. J. Hayes2, S. J. Klosterman3, L. du Toit4, R.M.
Davis5, K. V. Subbarao1
1

Department of Plant Pathology, University of California-Davis, Salinas, CA; 2USDAARS; 3USDA-ARS, Salinas, CA; 4Department of Plant Pathology, Washington State
University, Mount Vernon, WA; 5Department of Plant Pathology, University of CaliforniaDavis, Davis, CA.
Verticillium dahliae causes severe losses in lettuce and other crops grown in coastal California.
Since the 1990s outbreaks of Verticillium wilt have decimated entire lettuce fields, but the
causes of this sudden host range expansion to include lettuce remained elusive. The population
structure of strains of V. dahliae isolated from multiple hosts grown in coastal California was
investigated with 22 microsatellite markers, the sequences of the ITS and IGS rDNAs, 2600
AFLP markers and virulence on two lettuce cultivars differing in response to V. dahliae races 1
and 2. Population comparisons were completed with strains isolated from spinach seed produced
in the northern Europe and the US Pacific Northwest, tomato produced in the San Joaquin Valley
of California and ornamentals from Wisconsin. Strains exhibiting race 1 and 2 virulence patterns
were identified among spinach seed strains as well as strains from coastal California. No
significant differentiation was measured among hosts in coastal California, which were also not
significantly differentiated from spinach seed and Wisconsin ornamentals. Microsatellites
indicated that strains from tomato were significantly differentiated from all other groups.
Migration analyses suggested that significant gene flow occurs among various geographic
regions, with the little exchange between coastal California and the San Joaquin Valley. These
results also suggest that the high incidence of V. dahliae in spinach seed coupled with high
planting density of this crop are likely sources of recurrent gene flow, and could be associated
with the expansion of the host range of the pathogen into lettuce. Evidence of recombination
was gleaned from IGS rDNA and AFLP data, but linkage equilibrium was not detected using
microsatellites.
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Molecular seed assay for detection of multiple spinach pathogens
C. Feng, A. Iglesias, K. Welch, F. Rafiei, J. C. Correll, Lindsey du Toit. Department of
Plant Pathology, University of Arkansas, Fayetteville, AR 72701. Department of Plant
Pathology, Washington State University, Mt Vernon, WA
There are several important diseases of spinach caused by pathogens which can be seedborne.
These include Peronospora farinosa f.sp. spinaciae (oospores), Vertcillium dahliae,
Stemphylium botryosum f. sp. spinacia and Cladosporium variabile. Seed blotter assays can be
performed to detect all of these pathogens except P. farinose f. sp. spinaciae. However, even
with the seed blotter assays, the identification of pathogens based on morphological
characteristics is an empirical process requiring expertise and it is time-consuming and labor
intensive. We are developing molecular techniques for a quick and accurate seed assay for
multiple pathogens. Customized primers from the ITS, IGS, and the beta tubulin regions are
being evaluated for their sensitivity and accuracy in pathogen identification. Preliminary
evidence indicates that the primers are specific and can detect the various pathogens on seed. A
real-time PCR detection system is under development to detect all four seedborne pathogens.
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Verticillium & Spinach: Identification of Effective Seed Treatments
Lindsey J. du Toit, Washington State University Mount Vernon NWREC, Mount Vernon,
WA 98273. dutoit@wsu.edu

Verticillium dahliae is systemic and readily seed transmitted in spinach, raising concern about
introducing V. dahliae on spinach seed into fields subsequently planted to other susceptible
crops. A commercial seed lot naturally infected with Verticillium at 64% was used to evaluate 9
conventional and 11 organic seed treatments for control of Verticillium on spinach seed. A seed
germination assay and a freeze-blotter seed health assay were each completed. No treatment
significantly affected germination compared to non-treated seed, except Experimental II, a
proprietary organic treatment that reduced germination by 12%. In the seed health assay, seven
treatments reduced the incidence of seedborne Verticillium to <10%, the current threshold for
exporting spinach seed to Mexico. The most effective fungicide treatments were thiophanatemethyl (Topsin M 70 WP, 0%), thiabendazole (Mertect 340F) applied alone (0.3%) or with
Farmore D300 (mefenoxam+azoxystrobin+fludioxonil, 0%), and triticonazole (BAS 595 XGF,
2.0%). Three proprietary organic treatments were also highly effective: Seedgard (2.8%), Seed
Support II (3.3%), and Seed Support I (7.0%). Ten treatments had intermediate efficacy. In a
component seed health assay of pericarps and embryos separated from individual seed of the
same lot, Verticillium was observed on 50% of the pericarps and 51% of the embryos that were
not surface-sterilized, 46% of pericarps and 74% of embryos sterilized individually for 30 sec,
and 34% of pericarps and 29% of embryos sterilized individually for 60 sec, demonstrating the
internal nature of spinach seed infection.
To assess inoculum potential from planting infected spinach seed, the seed lot was planted in
sterilized sand in a greenhouse, and the leaves harvested after 35 days to mimic a ‘baby leaf’
crop. The roots, crown, and cotyledons were crushed in buffer and plated on NP-10 agar
medium. Verticillium was detected at >9,000 CFU/100 emerged seedlings. In addition, seedlings
were sampled weekly from 7 to 28 days after planting to determine the location of seedling
infection by V. dahliae. V. dahliae was observed on roots as early as 7 days after planting, at a
similar incidence to the incidence of seed infected (~60% of seedlings). V. dahliae developed on
the main root 10 to 20 mm behind the root tip, but not on the crown, cotyledons, or true leaves
within 4 weeks of planting. Thirteen of the seed treatments were compared with non-treated seed
for preventing seed transmission or soil infestation by V. dahliae. Non-treated seeds produced an
average of 174,476 CFUs V. dahliae/100 plants 35 days after planting, illustrating the high rate
of seed transmission under the conditions of this greenhouse trial. Six treatments reduced this to
<50,000 CFUs/100 plants, including two organic treatments (Seed Support II and Seedgard). The
most effective treatments were thiophanate-methyl (Topsin M 70WP) and thiabendazole
(Mertect 340F, alone or with Farmore D300). Few of the treatments evaluated in this study were
registered for use on spinach seed in the U.S. in 2008. However, a 2009 Special Local Needs
24(c) seed treatment registration for Topsin M 70 WP was granted by the Washington State
Dept. of Agriculture for management of Verticillium in spinach stock seed planted in spinach
seed crops in Washington State in 2009. The entire trial is being repeated to assess consistency in
performance of these treatments.
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ThermoSeed – a novel seed disinfection technology
Victor Sanchez-Sava1, Gustaf Forsberg2
INCOTEC Holding BV, Enkhuizen, The Netherlands.
victor.sanchez-sava@incotec.com
2
SeedGard AB, Uppsala, Sweden. gustaf.forsberg@seedgard.se

1

ThermoSeed is a thermal disinfection method for seeds that was developed in Sweden during the
last 12 years. The patented method consists of a meticulously controlled application of heated
humid air in a process that uniformly exposes each seed to the disinfection treatment.
Furthermore, this treatment is custom made for each seed lot to achieve the optimum effect –
maximal pathogen reduction without quality loss.This method was originally developed for
cereals and since 2002 it has been used successfully on commercial scales in Sweden, as a nonresidue alternative to chemical seed treatments. In addition, Swedish official evaluations
performed between 2003 & 2007 reported that fields planted with ThermoSeed-treated barley
produced on average 3% higher yields than those fields with conventionally treated seeds. Due
to the cereal success, further research to evaluate the potential in vegetables was started. Recent
data indicates that the ThermoSeed method can also be used on vegetable seed to eradicate seedborne fungal pathogens. These research efforts are now focused on carrot (Alternaria), spinach
(Verticillium, Stemphylium, and Cladosporium) and onion (Botrytis). Studies involving these
vegetable seeds found that ThermoSeed can significantly reduce the amount of pathogens in
highly infested seed lots. For instance, recent small scale trials in TS-treated infested carrot lots
have shown (on average) Alternaria reductions from 55% were reduced to 3% or less – very
competitive against the HWT. Similar results were obtained in TS-treated onion seed against
Botrytis, in which the pathogen was practically eliminated. Last but not least, the effects
observed in treated spinach seed are perhaps the most interesting. More than 20 infested lots
were TS-treated in batches ranging from 50g (700g/h) to 4.5ton (2ton/h). It was found that all
the TS-treated lots showed either complete pathogen eradication or reductions below the 5%
level of Verticillium, Stemphylium and Cladosporium - to cite the most important ones.
Experiments are still ongoing, but preliminary studies indicate vegetable seed quality is not
significantly reduced when compared to the controls. For example, preliminary studies on
carrot and spinach seed treated with ThermoSeed resulted in shelflife of up to 12 and 16 months
respectively, which compared well against the untreated control seed. Further studies are on
their way.
Currently there are spinach field trials under evaluation to further explore the potential of this
method in combination with additives, including biologicals. Based on the above preliminary
studies and the current successful large-volume operation in cereals, the potential of ThermoSeed
to provide a commercial disinfection treatment for the above three vegetable crops is extremely
encouraging.
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Phytophthora capsici on Vegetables
K.H. Lamour, Department of Entomology and Plant Pathology,
University of Tennessee, Knoxville, TN; : klamour@utk.edu
This presentation will provide an overview of the life history and infection processes of
Phytophthora capsici on solanaceous and cucurbit hosts. The focus will be on the importance of
asexual and sexual reproduction on the survival and spread in North and South America. In
addition, information concerning population genetics and advances in genetic resource
development will be briefly overviewed.
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Escherichia coli contamination of leafy greens in field studies
E. P. Cuesta Alonso1,2, J. Ong2,3, W. McGlynn2,3, L. Brandenberger3 and S. E. Gilliland1,2
1
Department of Animal Science, 2Robert M. Kerr Food and Agricultural Products Center,
3
Department of Horticulture and Landscape Architecture, Oklahoma State University,
Stillwater, OK.
In recent years, the number of outbreaks of foodborne illnesses associated with consumption of
fresh produce has increased. This has lead to speculation of potential contamination sources and
mechanisms that could facilitate the entrance of human pathogens like E. coli O157:H7 and
Salmonella ssp., into or onto the plants. Evidence of internalization of E. coli O157:H7 within
plant tissue has been reported; however, internalization of human pathogens has not been
detected in field conditions. The objective was to monitor field survival of E. coli in the soil and
to determine if they would be transferred onto or into spinach leaves during germination and
plant growth. Field experiments were conducted at the Vegetable Research Station in Bixby, OK.
E. coli was applied to the soil using different inoculation methods including incorporating
contaminated mulch into the soil or adding inoculated water to the soil with and without tilling
after inoculation. Experiments were performed during fall and spring seasons. Soil and spinach
samples were taken weekly for six weeks, and then monthly for two or four months.
Survival of E. coli in the field was variable ranging from few days to several months and was
only detected in the soil. E. coli was not detected in spinach leaves.
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Tracking the origin of Muscoid flies that transmit human enteric bacteria to
pre-harvest fresh produce
Cesar D. Solorzano1, Udaya DeSilva2, Justin Talley1, and Astri Wayadande1
1

Department of Entomology and Plant Pathology, Oklahoma State University, Stillwater,
OK 74078; 2 Department of Animal Science, Oklahoma State University, Stillwater, OK
74078. Email: w.wayadande@okstat.edu
The house fly (Musca domestica) and other Muscoid flies have been implicated in the
mechanical transmission of many human pathogens including Salmonella spp., Shigella spp., E.
coli 0157:H7 and Campylobacter spp. The extent to which these flies may be involved in
pathogen persistence and/or dispersal between cattle facilities and nearby leafy green production
areas remains unknown. In order to identify fly food sources and development origin, unique
bacterial profiles can be used to track typical locations (manure, compost, waste) where flies
develop. Filth flies will be captured upon emergence from their pupal case within the leaf green
operations and nearby cattle farms in California and Oklahoma. Fly DNA will be extracted and
an 809 bp fragment of the 16S rRNA gene will be PCR amplified. Terminal Restriction Length
Polymorphism (T-RFLP) analysis will provide identification and relative fluctuations of bacterial
species at the genus level. We expect to determine whether flies collected from leafy green areas
originated or had contact with cattle feces in an adjacent pasture.
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Spinach Statistics
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Brian Atchley
Holaday Seed Company
820 Park Row #616
Salinas, CA 93901
dgiven@holadayseedcompany.com
(ph) 831‐796‐0504
(fx) 831‐796‐0517

Steve Brown
Allen's Inc.
PO Box 250
Siloam Springs, AR 72761
(ph) 479‐524‐6431

Traven Bentley
Alf Christianson Seed
P.O. Box 98
Mount Vernon, WA 98273
tbentley@alfseed.com
(ph) 360‐661‐2657
(fx) 360‐424‐9520

Atlee Burbee
Sakata Seed America, Inc.
234 Cardinal Drive
Conshohocken, PA 19428‐1393
aburbee@sakata.com
(ph) 610‐825‐7334
(fx) 610‐941‐6975

Janine Boor
MB Harvester
89 South Main Street
Manchester, NY 14504
sales@mbharvester.com
(ph) 585‐289‐8027
(fx) 585‐289‐3244
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Nilda Burgos
University of Arkansas
1366 W. Altheimer Drive
Fayetteville, AR 72704
nburgos@uark.edu
(ph) 479‐575‐3984
(fx) 479‐575‐3975

Kent Croon
Monsanto
800 North Lindbergh Boulevard
St. Louis, MO 63167
robin.l.kubiak@monsanto.com
(ph) 314‐694‐6730
(fx) 314‐694‐5030

Graham Clarkson
Vitacress Salads Ltd, UK
Lower Link Farm
St Mary Bourne, Hampshire SP11 6DB
United Kingdom
graham.clarkson@vitacress.co.uk
(ph) 00‐44‐779‐549‐2032

Brian Crummey
Bejo Seeds Inc.
6 Quail Run Circle
Salinas, CA 93901
b.crummey@bejoseeds.com
(ph) 831‐240‐7102
John Damicone

Marty Coleman
Del Monte Foods
2205 Old Uvalde Highway
Crystal City, TX 78839
martin.coleman@delmonte.com
(ph) 830‐374‐3451
(fx) 830‐374‐2481

Lindsey du Toit
Washington State University
16650 State Route 536
Mount Vernon, WA 98273‐4768
dutoit@wsu.edu
(ph) 360‐848‐6140
(fx) 360‐848‐6159

Jim Correll
University of Arkansas
217 Plant Sciences Building
Fayetteville, AR 72701
jcorrell@uark.edu
(ph) 479‐283‐1628

Adriana Espinosa
Seminis
590 Brunken Avenue, Suite F
Salinas, CA 93901
adriana.espinosa@seminis.com
(ph) 831‐905‐2798
(fx) 831‐757‐5012

Matt Crabtree
Allen's Inc.
PO Box 250
Siloam Springs, AR 72761

Chunda Feng
University of Arkansas
217 Plant Sciences Building
Fayetteville, AR 72701
cfeng@uark.edu

Jimmy Crawford
Crawford Farms
HCR 34 Box 914
Uvalde, TX 78801
(ph) 830‐591‐3477
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Lyle Franklin
Seminis
5 West 6th Street
Yuma, AZ 85364
lyle.franklin@seminis.com
(ph) 928‐344‐8523
(fx) 928‐344‐9792

Dale Krolikowski
Germains Technology Group
8333 Swanston Lane
Gilroy, CA 95020
dkrolikowski@germains.com
(ph) 408‐848‐8120
(fx) 408‐848‐8124

Bill Gebhardt
Allen's Inc.
PO Box 250
Siloam Springs, AR 72761

David LaGrange
Sakata Seed America, Inc.
929 E. Esperanza #15
McAllen, TX 78501
dlagrange@sakata.com
(ph) 956‐687‐1558
(fx) 956‐687‐4425

Dan Gorton
Bob Hammontree
Allen's Inc.
PO Box 250
Siloam Springs, AR 72761

Kurt Lamour
The University of Tennessee
Room 205, Ellington Plant Science
Knoxville, TN 37996
klamour@utk.edu
(ph) 865‐974‐7954

Pine Higgins
Nunhems
18230 Murphy Hill Road
Aromas, CA 95004
pine.higgins@nuhems.com
(ph) 831‐214‐1849

Jerry Lee
McCall Farms
6615 S. Irby Street
Effingham, SC 29541
jlee@mccallfarms.com
(ph) 843‐662‐2223
(fx) 843‐665‐5234

Drew Houston
Angela Iglesias
University of Arkansas
217 Plant Sciences Building
Fayetteville, AR 72701
aiglesia@uark.edu

William McGlynn
Oklahoma State University
112 FAPC
Stillwater, OK 74078
william.mcglynn@okstate.edu
(ph) 405‐744‐7573
(fx) 405‐744‐6313

Brian Kirkpatrick
Holaday Seed Company
820 Park Row #616
Salinas, CA 93901
bkirkpatrick@holadayseedcompany.com
(ph) 831‐796‐0504
(fx) 831‐796‐0517
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Anthony Melton
McCall Farms
6615 S. Irby Street
Effingham, SC 29541
jlee@mccallfarms.com
(ph) 843‐662‐2223
(fx) 843‐665‐5234

William Russell
Allen's Inc.
PO Box 250
Siloam Springs, AR 72761
Victor SanchezSava
Incotec Holding B.V.
Westeinde 107
Enkhuizen, The Netherlands 1601 BL
victor.sanchez‐sava@incotec.com
(ph) 31‐228‐358086

Paul Moreno
Holaday Seed Company
820 Park Row #616
Salinas, CA 93901
pmoreno@holadayseedcompany.com
(ph) 831‐796‐0504
(fx) 831‐796‐0517

Margaret Savage
Alf Christianson Seed Co.
P.O. Box 98
Mount Vernon, WA 98273
m_savage@hotmail.com
(ph) 360‐661‐2047

Dennis Motes
UA Vegetable Research Station
PO Box 2608
Alma, AR 72921
dmotes@uark.edu
(ph) 479‐474‐0475
(fx) 479‐474‐0164

Jay Schafer
Schafer Ag Services LLC
11184 Walker Road
Mount Vernon, WA 98273
schaferag@hotmail.com
(ph) 360‐757‐7538
(fx) 360‐757‐9021

David Phillips
Seminis
749 CR 37
Clarkridge, AR 72623
david.phillips@seminis.com
(ph) 870‐425‐8476
(fx) 870‐425‐8476

Brett Sefick
Holaday Seed Company
820 Park Row #616
Salinas, CA 93901
bsefick@holadayseedcompany.com
(ph) 831‐796‐0504
(fx) 831‐796‐0517

Steve Ray
T&C Supplies
P.O. Box 1632
Carmel Valley, CA 93924
sray@headstartnursery.com
(ph) 831‐595‐1324

Cesar Solorzano
Oklahoma State University
127 NRC
Stillwater, OK 74078
cesards@okstate.edu
(ph) 217‐898‐2959

Ed Ritchie
Tiro Tres Farms
Route 2, Box 721
Eagle Pass, TX 78852
(ph) 830‐776‐2598
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Larry Stein
Texas AgriLife Extension Service
P.O. Box 1849
Uvalde, TX 78802‐1849
larrystein@tamu.edu
(ph) 830‐278‐9151
(fx) 830‐278‐4008

Jack Van Dorp
Bejo Zaden
6 Quail Run Circle
Salinas, CA 93901
b.crummey@bejoseeds.com
(ph) 831‐240‐7102

Eugenia Tang
Germains Technology Group
8333 Swanston Lane
Gilroy, CA 95020
etang@germains.com
(ph) 408‐848‐8120
(fx) 408‐848‐8124

Jan van Kuijk
Enza Zaden
P.O. Box 7
Enkhuizen, The Netherlands 1600 AA
j.van.kuijk@enzazaden.nl
(ph) 31‐621‐804692
Roel Veenstra
Bejo Zaden
6 Quail Run Circle
Salinas, CA 93901
b.crummey@bejoseeds.com
(ph) 831‐240‐7102

Jeremey Taylor
Seminis
Indian Trail, NC
George Thacher
Enza Coastal Seeds
7 Harris Place
Salinas, CA 93901
george.thacher@enzausa.com
(ph) 831‐682‐1325
(fx) 831‐754‐2975

Boyce Warford
Allen's Inc.
PO Box 250
Siloam Springs, AR 72761
Steven Winterbottom
Tozer Seeds Ltd.
Pyports, Downside Bridge Rd.
Cobham
Surrey, England KT113EH
steven@tozerseeds.com

Marcel Valdez
Texas AgriLife Extension Service
221 N. 1st Avenue
Crystal City, TX 78839
mj‐valdez@tamu.edu
(ph) 830‐374‐2883
(fx) 830‐374‐3351
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