
,05a 55
no. 4rg7
co p.2-  

Unbound issue
Does not circulate4 Special Report 987

June 1998

CENTRAL OREGON
AGRICULTURAL RESEARCH CENTER

ANNUAL REPORT, 1997

Agricultural Experiment Station
Oregon State University



For additional copies of this publication, write:

Clint Jacks
Central Oregon Agricultural Research Center
850 NW Dogwood Lane
Madras, OR 97741



Agricultural Experiment Station
Oregon State University

Special Report 987
June 1998

Central Oregon
Agricultural Research Center

Annual Report, 1997

Agricultural Experiment Station
Oregon State University



List of Authors and Contributors

Alderman, Steven
Research Plant Pathologist (USDA-ARS, Corvallis, Oregon)

Arbogast, Meghan,
Research Assistant, Botany & Plant Pathology (Oregon State University, Corvallis,
Oregon)

Bohle, Mylen
Associate Professor of Crop & Soil Science (Central Oregon Agricultural
Research Center, Crook County Extension, Prineville, Oregon)

Butler, Marvin
Associate Professor of Crop & Soil Science (Central Oregon Agricultural Research
Center, Jefferson County Extension, Madras, Oregon)

Cappaert, Marlys R.
Senior Faculty Research Assistant (Botany & Plant Pathology, Oregon State
University, Corvallis, Oregon)

Crowe, Fred J.
Associate Professor of Botany & Plant Pathology (Central Oregon Agricultural
Research Center, Madras, Oregon)

Farris, Neysa
Research Assistant (Central Oregon Agricultural Research Center, Madras, Oregon)

Fisher, Glenn
Professor and Extension Entomology Specialist (Oregon State University, Corvallis,
Oregon)

Gilmore, Les
Manager of Field Services (Cenex Supply & Marketing, Madras, Oregon)

Hannaway, David B.
Professor of Crop Science (Oregon State University, Corvallis, Oregon)

Holliday, Brad
Field Representative (Central Oregon Seeds, Incorporated, Madras, Oregon)

James, Steven R.
Senior Research Assistant (Central Oregon Agricultural Research Center, Madras,
Oregon)



Johnston, William
Agronomist (Crop & Soil Science, Washington State University, Pullman,
Washington)

Karow, Russ
Extension Cereal Specialist (Crop & Soil Science, Oregon State University,
Corvallis, Oregon)

Lommel, Steve
Professor of Botany & Plant Pathology (North Carolina State University, Raleigh,
North Carolina)

Martens, Bruce
Field Representative (Central Oregon Seeds Incorporated, Madras, Oregon)

Marx, Ernie
Research Assistant (Crop & Soil Science, Oregon State University, Corvallis,
Oregon)

Morlan, Mark
Field Man (Olson Seed, Incorporated, Madras, Oregon)

Powelson, Mary
Professor of Botany & Plant Pathology (Oregon State University, Corvallis, Oregon)

Reed, Gary L.
Superintendent (Hermiston Agricultural Research and Extension Center, Hermiston,
Oregon)

Short Al
Agronomist (Wilbur-Ellis, Incorporated, Madras, Oregon)

Smith, Catherine
President (Summit Labs, Fort Collins, Colorado)

Welty, Leon
Superintendent and Professor of Agronomy (Northwestern Agricultural Research
Center, Montana State University, Kalispell, Montana)



Note from the Superintendent

Welcome to the 1997 annual research report for the Central Oregon Agricultural
Research Center (COARC). We are pleased to share the results of our various research
projects with you. For those who have access to the Internet we invite you to view our
home page http://www.orst.edu/dept.coarc/. You will find this report there in addition
to other reports that will be of interest to you. Kelli Muskopf, our office coordinator, has
done an excellent job of designing, updating, and customizing this page with information
important to you. We welcome any comments you might offer on how we can make the
page more useful.

The agricultural industry in central Oregon faces a changing mix of crops produced as old
standby crops are leaving the area because of decreasing demand, low prices, or being
"diseased out". To assist in this shift, it will become important that more resources of the
Center are devoted to screening potential new crops. The new crops scientist position,
currently being recruited, will play an important role in this effort.

The Research Center will increasingly be more responsive to issues faced by growers.
During the next year you will see an effort by the Center's crops scientist to assess
problems and to create opportunities where the Center can assist in keeping agriculture a
viable industry in central Oregon. This effort will be focused on developing and
maintaining close partnerships with growers who will assist in giving priority to
direction. It is also important that good networking be maintained with other researchers
in branch stations, at Oregon State University and across the county.

Funding from the Federal and State governments to support the Central Oregon
Agricultural Research Center increasingly are becoming limited. More effort and time
will be devoted seeking grants and outside funding to support operations. Central
Oregon's agriculture is a unique mix of specialty crops that do not have commodity
organizational support. In addition, many specialty crops do not fit into the traditional
guidelines for grants. Obtaining research support for this unique mix of specialty crops
and for screening potential new crops will require innovative writing and searching out
new funding sources.

Our research reports acknowledge some of our cooperators through authorship. We
extend special thanks to growers who have been invaluable in partnering with off-station
research. Growers generously supply land and resources, another inconvenience caused
by research needs; these are deeply appreciated. Also, the agricultural industry has been
responsive to requests for support and assistance. Their observation to what is happening
across the central Oregon area provides valuable information.

Special thanks goes to the City of Madras for transferring irrigation water to the Madras
Research Center site. This allocation of irrigation water will allow more flexibility for
research plot work. Also, thanks goes to the support that Crook, Deschutes, and Jefferson
Counties provide to the agricultural industry in central Oregon.



Finally, I thank all Research Center staff, including our seasonal employees, for their
dedication and efforts. At a time when commitment and productivity of public employees
is questioned, government money is declining, and regulations increasing, we can be
proud of the accomplishments of our staff.

Clint Jacks
Superintendent
Central Oregon Agricultural Research Center
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Weather Information: 1997 Water Year, Madras, OR, (source: AgriMet).

OCT	 NOV DEC JAN FEB	 MAR APR MAY JUN	 JUL	 AUG SEP
AIR TEMPERATURE (°F)
Ave. Max. Temp. 61	 49 43 41 45	 55 56 71 72	 83	 85 75
Ave. Min. Temp. 37	 31 29 26 29	 33 34 44 45	 50	 53 47
Mean Temp. 49	 40 36 33 36	 44 45 57 58	 66	 69 60
AIR TEMP (no. of days)
Max. 90°F or Above 0	 0 0 0 0	 0 0 0 0	 4	 7 0
Max. 32°F or Below 0	 1 3 8 3	 0 0 0 0	 0	 0 0
Min. 32°F or Below 9	 18 20 23 22	 17 12 3 0	 0	 0 0
Min. 0°F or Below 0	 0 0 0 0	 0 0 0 0	 0	 0 0
GROUND TEMP (°F at 4 in)
Ave. Maximum 52	 44 39 37 39	 44 48 59 63	 66	 67 61
Ave. Minimum 51	 42 38 36 38	 42 45 56 60	 63	 64 59
GROUND TEMP (°F at 8in)
Ave. Maximum 53	 44 40 38 39	 43 47 57 62	 65	 66 61
Ave. Minimum 52	 44 39 37 38	 41 46 56 60	 63	 65 59
PRECIPITATION (in)
Monthly Total 0.28	 4.58 3.66 1.36 0.28	 0.64 1.05 1051 0.81	 0.62	 0.57 0.59
EVAPORATION (in)
Ave. Per Day 0.09	 0.03 0.02 0.02 0.05	 0.10 0.13 0.22 0.25	 0.30	 0.28 0.17
WINDAGE (mi)
Ave. Per Day 121	 106 167 112 119	 177 145 112 114	 107	 115 126
SOLAR RADIATION (langley)
Ave. Per Day 260	 163 106 145 228	 330 442 577 622	 654	 578 383
HUMIDITY (% relative humidity)
Ave. Per Day 68	 83 86 86 83	 65 67 63 65	 57	 57 65

Last Day Before First Day After Total Number of Days
GROWING SEASON July 15 July 15 Between Temp. Min.
Air Temp. Min.

32°F or Below May 7 October 20 166
28°F or Below May 2 October 24 175

24°F or Below April 12 December 1 243
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Weather Information: 1997 Water Year, Powell Butte, OR, (source: AgriMet).

OCT	 NOV DEC JAN FEB	 MAR APR MAY JUN	 JUL	 AUG SEP
AIR TEMPERATURE (°F)
Ave. Max. Temp. 60	 51 44 42 43	 53 55 69 68	 78	 81 72
Ave. Min. Temp. 34	 29 28 25 26	 29 31 40 40	 45	 47 43
Mean Temp. 47	 40 36 34 35	 42 43 55 55	 63	 65 57
AIR TEMP (no. of days)
Max. 90°F or Above 0	 0 0 0 0	 0 0 0 0	 0	 2 0
Max. 32°F or Below 0	 0 1 3 4	 0 0 0 0	 0	 0 0
Min. 32°F or Below 13	 24 24 21 26	 21 16 7 2	 0	 0 2
Min. 0°F or Below 0	 0 0 1 0	 0 0 0 0	 0	 0 0
GROUND TEMP (°F at 4 in)
Ave. Maximum 53	 44 38 36 38	 42 47 59 63	 69	 68 63
Ave. Minimum 50	 42 37 35 36	 40 42 52 58	 61	 64 59
GROUND TEMP (°F at 8 in)
Ave. Maximum 51	 43 37 36 36	 41 44 55 57	 63	 64 61
Ave. Minimum 50	 41 36 35 36	 39 42 51 55	 59	 62 59
PRECIPITATION (in)
Monthly Total 0.48	 2.53 2.71 1.69 0.50	 0.27 1.12 1.49 1.13	 0.89	 0.34 0.64
EVAPORATION (in)
Ave. Per Day 0.09	 0.05 0.03 0.03 0.04	 0.09 0.12 0.21 0.23	 0.28	 0.26 0.16
WINDAGE (mi)
Ave. Per Day 105	 107 156 117 108	 160 140 100 102	 92	 91 97
SOLAR RADIATION (langley)
Ave. Per Day 206	 147 93 116 181	 271 376 563 606	 653	 569 379
HUMIDITY (% relative humidity)
Ave. Per Day 67	 77 78 79 80	 63 65 66 68	 60	 61 68

Last Day Before First Day After Total Number of Days
GROWING SEASON July 15 July 15 Between Temp. Min.
Air Temp. Min.

32°F or below June 24 September 19 86
28°F or Below May 7 October 18 164
24°F or Below Mayl October 20 171



EFFECT OF PROPAGATION METHODS ON MINT PERFORMANCE

A Short Progress Report

Fred Crowe, Leon Welty, Cathy Smith, and Steve Lommel

Background: With meristem tip culture, a single undifferentiated growing point of a plant is used to
regenerate a new plant from which many new identical plants later can be vegetatively propagated. This
process (especially when combined with heat treatment) can eliminate viruses, while preserving the
genetic type of the mother plant. Initially, the regeneration occurs in a test tube free of bacteria and
fungi. Propagation with differentiated plant materials will not free them of viruses, but this process can
be modified to eliminate bacteria and fungi. Some have questioned whether certain bacteria are required
for "normal" mint growth. For all methods, trueness to genetic type is of concern when one or a very
few plants are selected as the source for all subsequent propagation.

We determined that a previously unknown virus (a trichovirus) was eliminated by meristem tip culturing
Black Mitcham peppermint. In an earlier field study, this virus-free mint grew more vigorously and
yielded more hay but less oil in full season production than did virus-infected mint. When double cut,
such virus free mint yielded as much oil as virus-infected mint. An alternative explanation, however,
was that the source plant used in the meristem tip process was somehow genetically distinct from the
virus-infected plants used in the field comparison. The study in progress here was designed to further
investigate pathological and genetic processes.

Methods: In field trials located in Montana and central Oregon, plantings were made in 1996 from
rooted Black Mitcham peppermint and Scotch spearmint cuttings from the Mint Industry Research
Council mother blocks. Mint performance and infection status will be followed for several years. Plants
for field planting were propagated (a) with and without meristem tip culture from the same mother plant,
(b) with and without a narrow selection base [propagation from one Vs many plants), and (c)
propagation of virus-infected plants inside and outside of test tubes [with and without bacteria during
early propagation]

Results from 1997, the first full production year:
♦ Meristemmed Black Mitcham peppermint again demonstrated greater vigor but less oil yield than

non-meristemmed. In Montana, there was some suggestion that the more vigorous virus-free
peppermint was more winter hardy than virus-infected peppermint when double cut. Virus status of
field grown plants is still being determined.

♦ A distinctive virus was found in Scotch spearmint that is related to that found in peppermint. In
Montana, virus-free spearmint (double cut) out-yielded virus-infected spearmint with respect to both
hay and oil yield, and was it distinctly more winter hardy. In central Oregon, spearmint was single
cut, and all treatments performed similarly

♦ Some variation in field performance was found among field plots planted from mint developed from
single plants Vs from many plants. This supports results of other Montana studies that field
selections might result in distinctive varietal sub-types. Plant types selected for high vigor were not
necessarily high yielding.

♦ Test tube propagation methods and eliminating bacteria did not result in variable field performance.

Preliminary conclusions: Two distinctive viruses seem to directly impact mint performance.
Distinctive clones may be developed when propagated from a narrow selection base; using vigor as a
criterion for selection may result in poorer yields in the field.



VARIABILITY IN "VERTICILLIUM DAHLIAE" AND THE VERTICILLIUM "STRAIN"
ISSUE: ACTIVITY OF MINT AND NON-MINT ISOLATES INOCULATED

INTO PEPPERMINT AND SPEARMINT

Fred J. Crowe and Neysa Fan-is

Abstract

In a 1996 test, two strawberry isolates ofVerticillium dahliae were pathogenic to Murray peppermint
but only one of these was pathogenic to Todds peppermint. Black Mitcham's reaction to these two
isolates was mixed. The reaction of Todd's and Black Mitcham varied with spore concentration, and
growth was promoted at low concentration for both varieties.

In 1997, rooted cuttings of Black Mitcham, Todds, Roberts and Murray peppermint and Scotch and
Native spearmint were root-dip inoculated with 1 x 10 7/ml spore suspensions ofV. dahliaejustprior to
individual potting. Pots were held in a greenhouse for 8-10 wk Varieties varied in severity of reaction
to 17 isolates recoveredfrom wilted mint in mint-producing regions of the United States. Fourteen of
the 17 isolates generally were aggressive against all varieties except Native spearmint. Symptoms
rangedfrom moderately stunting and yellowing, to total plant death, within 7-10 wk following
inoculation. Stem length and dry weight of stems and foliage were reduced 30-80%. On Native
spearmint, effects were limited to 10% mean reduction of stem length and dry hay weight. Much
reduced symptoms were noted for 3 of 17 mint isolates, although certain varieties were
disproportionately damaged by these isolates. For some plants within replications, symptoms failed to
materialize at all (presumably by a failure of the inoculation to become systemic, although this was not
verified), in which case growth enhancement was commonly measured: no wilt symptoms, with leaf and
stem size and dry hay weight 10-30% greater than non-inoculated plants. In other cases, wilt symptoms
were delayed compared to most symptomatic plants, in which case growth enhancement was measured
early but wilt symptoms and reduced growth developed later. For a few plants, some stems developed
wilt symptoms and growth reduction through stem death early in the course of the experiments, but
other stems were symptomless and growth enhanced In this later case, most stems eventually developed
symptoms and growth reduction by the end of the trial period

Isolates of V. dahliae recovered from wilted potato, purple coneflower (Echinacea purpurea), maple and
cauliflower generally elicited growth enhancement and no wilt symptoms on any peppermint or
spearmint varieties. An exception may have occurred in which Black Mitcham inoculated with the
maple isolate eventually developed moderate wilt and growth reduction, when a single replication of all
varieties within one test were held 15 weeks for demonstration purposes.

Of two isolates recovered from a single, commercially field grown mint plant in Northern California,
one elicited rapid and severe wilt on all mint varieties, including severe stunting (but not death) of
Native Spearmint. The other California isolate gave a mixed reaction, damaging some varieties but
growth enhancing other varieties.

In general, isolates of V. dahliae associated with mint wilt show high ability to incite disease on all mint
varieties (except Native spearmint). The presence of isolates associated with wilting of other crops may
generally enhance mint growth, although aggressive exceptions may occur among non mint isolates.



Introduction

Verticillium dahliae is distributed worldwide, causing a rapidly developing systemic wilt on many
different types of plants including vegetables, woody and herbaceous ornamentals, forest trees, mint,
hops, etc. Survival structures of V dahliae, called microsclerotia (MS), are abundantly produced in the
stems and leaves of diseased plants after stem death. Infected stems and leaves may be incorporated into
soil, where their decay releases MS over time, usually 1 to 2 years for herbaceous stems (Ashworth et al,
1979; Crowe, 1997). Roots are infected from close association with MS in soil (Huisman, 1988a and
1988b).

Crop specialization with respect to wilt induction is known to occur with V. dahliae, and the term
"strain" is commonly used to distinguish pathogenic affinities. In contrast to this specialization
associated with wilt disease, V. dahliae as a species is generally considered able to infect from MS into
surface cells of nearly all plant roots. Such infections likely are unimportant in population dynamics of
MS, as few MS form in such surface cell infections. Perhaps only 1 such infection in thousands may
develop into a systemic infection (Gerik and Huisman, 1985). It has been speculated however, but with
only limited data, that an intermediate behavior existed also: systemic invasion but without wilt
development. Uncertainties associated with such intermediate behavior included (a) whether such any
crop specialization is associated with systemic invasion and (b) whether any meaningful level of MS
production might result from wilt-less systemic invasion. The resolution to these uncertainties would
impact crop rotational considerations.

Grasses are relatively immune to verticillium wilt symptoms, and because of this were considered as a
group to be the best rotational crops--with the assumption that grasses in general do not allow
reproduction. For certain crops, some broad leaf plants were considered poor or acceptable rotational
crops, with the assumption that this was associated with MS reproduction. Information was presented at
the 7th International Verticillium Symposium, 1997, that V. dahliae systemically infects many non-host
plants, including many but not all grasses and most but not all broadleaved plants, probably forming
enough MS to cause increases in soil populations of MS (unpublished data, J. Davis, Univ. Idaho, and 0.
Huisman, Univ. California, Berkeley, personal communication, 1997). As such information develops
further, effects on crop rotations may be better understood. At the moment, corn, sudan grass and alfalfa
are thought to not allow MS reproduction.

Affinities of V. dahliae by crop species exist, but it is not clear whether multiple crop affinities exist for
strains which incite wilt on mint. As reproduction MS is always highest on wilted plants, knowing
whether mint-associated strains may incite wilt on other crops, and whether strains associated with other
crops may incite wilt on mint, may be important. Even within a given crop, V. dahliae may have varietal
affinities, such that "strains" may be distinguished (e.g. on cotton). Such differentiation may be
important in varietal evaluation in both greenhouse and field, when only certain isolates may be used for
controlled inoculations and infestations. For mint, such varietal-specific strain specificity has not been
assessed.

We have observed that V. dahliae associated with mint or other crops sometimes promoted growth of
mint, i.e., growth was more vigorous than non inoculated mint (Crowe, 1992). In the investigations
reported here, we attempted to determine the range of varietal specificity of V. dahliae isolates
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associated with mint, the affinity of V. dahliae isolates for mint which were recovered from wilted plants
of some non-mint crops, and to develop methods for clarifying growth promotion. In later studies, we
may determine the affinity of mint isolates for other crops, and possibly verify the issue of systemic
invasion and reproduction in plants with or without symptoms.

Material and Methods

We previously reported that one of five isolates of V. dahliae obtained from strawberries by a cooperator
in California incited severe wilt on some, but not all, peppermint varieties. The other strawberry isolates
elicited no mint responses (except perhaps enhanced growth). A more careful evaluation with these
same five isolates was conducted in 1996, with methods as described above except that only Black
Mitcham, Todds and Murray Peppermint varieties were used and only two of the strawberry isolates
were used, along with two mint isolates from central Oregon. In addition, two spore-suspension
concentrations per isolate were used, 1 x 106 and 1 x 108.

A broader collection of isolates of V. dahliae from diseased mint was developed in 1996. Wilted stems
were taken from production fields in various states. Some were shipped air dry, some were shipped
fresh to the COARC Madras. Sections of stems which had been surface sterilized in .05% Na0C1 for 3
to 5 min were plated onto plain water agar. Fungal growth characteristic of V dahliae was transferred to
potato dextrose agar. Eventually, cultures were developed from single conidial spores and stored on
PDA test tubes. A few additional cultures were received, which had been isolated by cooperators in
other states. These, too, were single spored prior to storage. Initially, 14 cultures were developed from
Black Mitcham peppermint in Montana; 4 cultures were developed from Todds and "redefined" and
"old" Murray peppermint in the Willamette Valley of Oregon; 10 cultures were developed from Black
Mitcham, Roberts or M83-7 peppermint in Idaho; 10 cultures were developed from Black Mitcham
peppermint in La Grande, Oregon; 8 cultures were developed from Black Mitcham peppermint and
Scotch spearmint in Indiana; 4 cultures were developed from Todds and redefined Murray peppermint in
central Oregon; and 8 cultures were developed from Scotch and Native spearmint and Black Mitcham
and Murray peppermint in Washington.

Additionally received from cooperators in 1997 were pure cultures of V dahliae originally isolated from
wilted potato, strawberry, maple, and cauliflower. In 1997, we isolated V dahliae from wilted
commercial purple coneflower (Echinacea purpurea) in central Oregon. These cultures were single
spored and stored as per isolates from mint.

Of these 54 cultures originating from mint, 17 were eventually tested in 1997 for varietal responses in
peppermint and spearmint. These 17 represented the full range of varietal and regional sources.
Similarly, we tested the maple, potato, cauliflower, and coneflower isolates on mint varieties.

Pathogenicity of isolates was tested against peppermint, including the varieties Black Mitcham, Todds,
Roberts, and redefined Murray, and against spearmint, including the varieties Scotch and Native.
Rooted cuttings of each variety were received from Summit Plant Labs (Ft. Collins, CO) within 4 days
of inoculation and were held in the greenhouse in original shipping flats until inoculated. In the lab, V
dahliae hyphae from chosen isolates was grown on PDA until conidia were abundant, conidia were
washed from culture plates on the morning of inoculation, and spore concentrations were adjusted to 1 x
107 conidia/ml of sterile water. All spore suspensions were kept cool until use and were utilized within



4 hours of preparation. Inoculation was accomplished by pulling rooted cuttings from their individual
shipping tray cells and immersing 5 such cuttings in 100 to 200 ml of the suspension per isolate. Roots
were not intentionally clipped or broken, but some root damage occurred during handling. After 30 to
60 min immersion, rooted cuttings were individually potted in either 4-inch or 6-inch pots containing
pre-wetted and pre-mixed potting mixture of 10 parts sterile peat moss, 4 parts each of sterile Pearlite,
vermiculite, and washed sand, and 2 tsp of 12-12-12 fertilizer. In addition, 1/2 tsp of slow release
fertilizer (1/3:2/3 ammonium sulfate:polymer coated urea) was layered onto the soil surface of each pot
after potting.

Pots were watered on an as-needed basis, with the watering level varying with the amount of mint
growth, the degree of wilt symptoms developed, and heat and light conditions. In general, pots were
watered until saturation. Plants were never shorted for water but were not re-watered until the upper 1
cm of potting mix felt dry. Care was taken to not splash soil among pots or to allow drainage water to
pass from one pot to another.

Isolates were evaluated in groups of 6 to 8. Treatments were isolate v. variety combinations, including a
non-inoculated check. Each inoculation series included 4 to 5 replications. After inoculation, pots were
held in a fully randomized pattern in greenhouse benches but were sometimes temporarily resorted by
variety and isolate for measurements. Time of progression to disease symptoms varied on the time of
year and heat in the greenhouse. Mid-summer and early fall inoculations manifest symptoms as early as
5 wk, symptoms worsened over 5 to 7 wk, and experiments were terminated after final notetaking after 7
to 8 wk. Spring and late fall inoculations began to show symptoms after 6 weeks, wilt symptoms
worsened over 6 to8 wk and experiments were terminated after 9 to 10 wk. With a possible exception
discussed below, longer waits did not result in late-developing symptoms. The first series were
conducted in 4-inch pots, but it was found more difficult to maintain correct soil moisture levels; later
experiments were conducted in 6-inch pots.

Top growth was harvested after 50 to 60 days, and regrowth vigor was also rated. Data collected
included a 0 through 5 leaf-curl rating, a 0 through 5 leaf stunt rating, stem heights (main stem only), and
dry hay weights at harvest. In some series, a 0 through 5 regrowth vigor rating was determined 3 weeks
after initial harvest of top growth.

For reporting below, an overall visual integrated 0 through 5 wilt rating was used which combined both
leaf curl and leaf stunting. A rating of 0 was equivalent to noninoculated check plants. A rating of 1
through 3 generally described increasing levels of leaf curl, leaf yellowing, and leaf stunting, with 3 a
relatively severe rating. A rating of 4 indicated partial plant death, and a rating of 5 indicated total plant
death. In general, growth was quite uniform for all noninoculated plants. For plants which grew more
vigorously than the non-inoculated check plants, a wilt rating of –1 was recorded.

For stem height and dry-hay weight, all treatment means were converted to a proportion of the
noninoculated mean. This eliminates inherent differences among varieties with respect to actual stem
length and hay weight, so that varietal responses among varieties can be compared directly. Thus, the
relative stem length and hay weight for all non-inoculated treatments is 1.0.

Statistical determinations were made by analysis of variance.
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Results

Comparisons of mint v. strawberry isolates. Data (Table 1) show only the integrated wilt rating. Mint
isolates were highly aggressive, irrespective of mint variety and spore concentration. In contrast, isolates
from strawberries were irregularly aggressive on mint, and aggressiveness varied somewhat with spore
concentration. Murray Peppermint was highly susceptible to both Isolates S-1 and S-3 from strawberry,
even at reduced spore concentration. Todds Peppermint was moderately susceptible to Isolate S-3, but
showed no response to Isolate S-1. At high spore concentration, Black Mitcham Peppermint showed a
moderate disease response to Isolate S-3, and an irregular response to Isolate S-1, with some growth
showing mild symptoms and some growth enhanced in vigor. At low spore concentration, Black
Mitcham's growth was enhanced by the presence of Isolate S-1.

Comparison of mint isolates on mint. Data (Table 2) are shown for a representative comparison of 5
isolates from a single mid-summer inoculation test. Similar data were recorded for other tests, so all 17
isolates tested from peppermint are not included. Within Table 2 it is clear that Isolate 5 incited less wilt
symptoms than other isolates, and that Native Spearmint was less affected by all isolates than other mint
varieties. Some statistical separation is evident among isolate v. variety combinations, but overall,
moderate-to-severe symptoms were observed on all varieties by 4 of the 5 isolates. Dry hay weight is
probably the most definitive of the measurements. On average, hay weight was reduced by about 50%
by each of Isolates 1 through 4, and 14 of 17 mint isolates for all the tests. Excluding Native spearmint,
hay weight of isolates was only 59 to 74% of the mean noninoculated check weight. Although it appears
less diseased in Table 1, Murray was not the highest ranking variety in other tests, and in general, no
apparent differences were seen among varieties with respect to wilt responses. Native clearly manifest
few if any of the typical wilt symptoms: leaf curling, yellowing, or gross stunting. However, we
consistently measured a growth suppression of 10 to 15% for Native spearmint inoculated with V
dahliae recovered from wilted mint.

Not apparent in Table 2 is some noteworthy variation among the other isolates and varieties with respect
to leaf curl and leaf stunt symptoms. For example, the Todds Peppermint variety developed abundant
leaf curl in response to Isolate 1, but no leaf stunting. The reverse was true for some other isolates on
this variety. On the other hand, varieties (including Todds) commonly showed differences among leaf
curl and stunting and yellowing from plant to plant within replications. The overall wilt rating integrated
all these measurements and obscured the variable symtomology. It is unlikely that these types of
intermediate symptoms are better or worse for crop production in the field. In general, most precede
stem death anyway.

Interestingly, the growth of some individual plants was enhanced by inoculation, while other plants were
becoming diseased. In some cases, plant growth was initially enhanced, but later declined. In still other
cases, enhanced growth could be seen on some stems, at the same time that strong wilt symptoms were
present on other stems of the same plant. Other than creating small problems with data summary and
analysis, these responses support field data suggestive that V. dahliae may promote growth. For Tables
2 and 3 below, all growth enhancement records are included in the mean calculations.

For some greenhouse tests during 1997, attempts to reisolate V. dahliae from stems at harvest. Initially,
we were somewhat unsuccessful in recovery from stems from 4-inch pots which may have become dry
near to harvest (it was also hot at that time). In later tests in 6-inch pots, we were generally successful in
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reisolation from symptomatic plants. V. dahliae was not routinely reisolated from Native Spearmint,
however.

Data is not shown, but with isolates 1, 2, 3, and 4, most varieties regrew less vigorously (some not at
all). With the "mild" Isolate 5, both Native Spearmint and Black Mitcham regrowth was greatly
affected, and Todds peppermint was somewhat affected by all isolates of V. dahliae. However,
noninoculated plants struggled to re-grow in some cases, even without the presence of V. dahliae. This
was especially so for both Scotch and Native Spearmint. This probably reflects difference in
carbohydrate depletion among varieties, perhaps enhanced by V. dahliae infection, in this artificial
greenhouse situation. Data from other isolates is not shown, but the data shown in Table 2 was similar
for other isolates.

Comparison of mint isolates v. isolates from other crops. Table 3 shows the full range of peppermint
and spearmint varietal responses to inoculation (1 x 10 7 spores/ml) with isolates of V. dahliae from
potato, maple, strawberry, and Echinacea, and including a standardly aggressive mint strain from
Montana. Also included are two isolates recovered from a single wilted mint plant in a generally wilt-
free area of Northern California. Isolates of V. dahliae recovered from wilted potato, purple coneflower,
maple and cauliflower generally elicited growth enhancement and no wilt symptoms on any peppermint
or spearmint varieties.

An exception may have occurred in which Black Mitcham inoculated with the maple isolate eventually
developed moderate wilt and growth reduction, when a single replication of all varieties within one test
was held 15 weeks for demonstration purposes. At other times, we have held tests or individual pots for
extended periods with no such late development of symptoms. It is unclear whether this response was
simply delayed, or whether cross contamination with another isolate might have occurred during
handling.

Two isolates recovered from a single commercially field grown mint plant in Northern were included in
comparison to other V. dahliae isolates. This region is otherwise thought to be free of mint wilt. One of
these California isolates elicited rapid and severe wilt on all mint varieties, including severe stunting (but
not death) of Native Spearmint. The other California isolate gave a mixed reaction, damaging some
varieties but growth-enhancing other varieties. We speculate that this Northern California mint plant
was infected by a form of V. dahliae not previously associated with mint, but which has the capacity to
elicit wilt in mint.

Conclusions

Our hypothesis is that such growth promotion acts at the root surface. It seems clear that this response is
not specific to strains which attack mint. Whether this phenomenon can be manipulated to the growers'
advantage is uncertain. It is interesting to speculate that a non mint strain might be artificially infested
into a field to enhance mint growth. After hearing about these effects, growers have told me that their
mint yields in general went up in the early days after mint wilt spread around central Oregon, until the
time there was too much wilt to tolerate. It is unknown whether systemic invasion of any crop plant by a
nonpathogenic strain will preclude systemic invasion by a pathogenic strain.
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In general, when selecting isolates from diseased mint stems for use in experiments, it seems worthwhile
to pre-test each isolate for overall aggressiveness. Problems with misinterpretation of results which
might arise from variations among isolates can be overcome by including several isolates (collected from
a range of sites) within a controlled infestation.

V dahliae may affect growth and yield of Native Spearmint by as much as 10% in the field, even if few
symptoms are noted.

In the greenhouse, Black Mitcham did not seem any more susceptible to isolates of V dahliae than other
mint varieties. See the variety trial report for additional comment on the susceptibility of Black
Mitcham: It may be that its perceived higher susceptibility may be due to enhanced reproduction of MS,
rather than susceptibility to infection.

Even isolates of V dahliae which cause relatively mild symptoms on generally susceptible varieties may
result in measured reduction in growth and yield.

Isolates of V dahliae from other regions that likely are associated with other plants and which may never
have been associated with mint before, may nevertheless cause severe wilt disease on mint varieties.
These isolates may be somewhat unpredictable in their ability to attack various mint varieties. It is likely
that mint relocated into new regions may encounter such isolates. If so, losses may occur, and these
isolates may be confused with introduction of typical mint strains arriving with rootstock or equipment.
Continued production of mint in fields infested with these isolates likely will result in selection for types
more typical of mint strains in established mint regions.
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Table 1. Witt response in 1996 mint inoculations onto peppermint varieties of two isolates of Verticillium dahliae from peppermint,
and two isolates from strawberry/.

Black Mitcham Todds	 Murray
Isolate Source low2 high2 low high low high

Mint-1 5d3 5d 5d 5d 5d 4d
Mint-2 4d 5d 4d 4d 5d 5d
Strawberry-1 0b 0b 0b 0b 4d 5d
Strawberry-3 -1 a 3 c 2.5 c 3 c 2 c 4 d
Non-inoculated 0 b 0 0 b 0 b 0 b 0 b

Rooted mint cuttings were root-dip inoculated with spore suspensions of V. dahliae, individually potted and held under a light bank for
simulated 16-hr days. There were four pots per treatment, and pots were assorted randomly under the lights. Pots were observed for 8 wk.

2 Low inoculation was with 1 x 106 spores/ml: high inoculation was with 1 x 10 8 spores/ml.
3 Overall wilt rating was 0 = no symptoms, 1 through 3 = mild through severe leaf curl and/or yellowing and stunting. 4 = partial
death, 5 = total plant death. Data was processed by analysis of variance. Means followed by the same letter cannot be separated (P< 5%).
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Table 2. Greenhouse results (1997) of mint inoculations onto peppermint and spearmint varieties
of 5 isolates of Verticillium dahliae recovered from wilted peppermint and spearmint in 19961.

OVERALL WILT RATING 2 [LSD 5% = 1.0 between individual isolate x variety entries.]
Non-inoculated

Variety Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Check Mean
Black Mitcham 3.8 3.4 2.9 3.8 0.3 0.0 2.4 c3
Roberts 4.9 4.3 4.1 3.3 0.0 0.0 2.8 c
Murray 3.3 2.8 1.5 2.8 0.0 0.0 1.7 b
Todd 4.5 4.4 2.8 2.6 2.0 0.0 2.7 c
Scotch 3.8 3.8 4.0 3.0 0.0 0.0 2.4 c
Native 0.0 0.0 0.0 0.8 0.0 0.0 0.1 a
Mean 3.4 3.1 2.5 2.7 0.4 0.0

c3 c c c a a

STEM HEIGHT RELATIVE TO CHECK' [LSD 5% = 1.1 for individual isolate x variety entrees.]
Non-inoculated

Variety Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Check Mean
Black Mitcham 0.63 0.58 0.58 0.58 0.95 1.00 0.72 b
Roberts 0.48 0.48 0.65 0.60 0.85 1.00 0.68 b
Murray 0.80 0.73 0.75 0.78 0.80 1.00 0.81 b
Todd 0.53 0.60 0.80 0.68 0.80 1.00 0.74 b
Scotch 0.55 0.50 0.53 0.55 0.95 1.00 0.68 b
Native 0.95 1.00 0.90 0.85 0.85 1.00 0.93 a
Mean 0.95 1.00 0.90 0.85 1.00 1.00

c c c c b a

DRY HAY WEIGHT RELATIVE TO CHECK S [LSD 5% = 0.9 for individual isolate x variety entrees.]
Non-inoculated

Variety Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Check Mean
Black Mitcham 0.40 0.58 0.48 0.33 0.98 1.00 0.63 bc
Roberts 0.23 0.38 0.40 0.48 0.88 1.00 0.56 c
Murray 0.45 0.68 0.78 0.58 0.85 1.00 0.74 b
Todd 0.45 0.30 0.60 0.55 0.80 1.00 0.62 bc
Scotch 0.43 0.33 0.45 0.38 0.95 1.00 0.59 bc
Native 1.10 0.90 0.73 0.60 0.93 1.00 0.88 a
Mean 0.51 0.53 0.57 0.48 0.91 1.00

c c c c b a

Isolates of Verticiffium dahliae represented here were recovered from wilted mint in Oregon, Washington, Idaho, Montana and
Indiana. For each experiment, roots of rooted cuttings were dipped into 1 x 10 7 spores of V. dahliae per ml water suspension.
Each mean represents 4 replications. Experiments lasted 7 to 10 wk depending on greenhouse temperature; this one 7 wk during
August and September, 1997.

Wilt rating was -1 = growth promotion. 0 = no symptoms, 1 through 3 = mild through severe stunting and/or yellowing, 4 =
some dead foliage and branches, and 5 = dead plant.
3 Means followed by the same or no letter are not separable (P< 5%).

Height of the longest stem was determined for each pot. Means for individual entrees were divided by the mean for the
non-inoculated check. A mean greater than 1.0 represents overall average growth promotion for the treatment.

Dry weight of all foliage was determined for each pot. Means for individual entrées were divided by the mean for the check.
A mean greater than 1.0 represents overall average growth promotion for the treatment.
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Table 3. Greenhouse results (1997) of mint inoculations onto peppermint and spearmint varieties
of isolates of Verticillium dahliae recovered from wilted plants other than mint'.

OVERALL WILT RATING 2 [LSD 5% = 0.8 for individual isolate x variety entrees.]
Peppermint Peppermint Peppermint Non-inoculated

Variety	 Maple	 Cauliflower	 Potato	 Coneflower Montana3 California-1 3 California-23 Check Mean
Black Mitc	 -0.4	 0.2	 0.2	 -0.2	 2.9	 -0.6	 2.3	 0.0	 0.5	 b4
Roberts	 0.0	 0.0	 0.0	 -0.2	 2.1	 1.0	 4.2	 0.0	 0.9	 be
Murray	 -0.3	 -0.2	 -0.6	 -0.2	 2.0	 0.4	 2.5	 0.0	 0.5	 b
Todd	 0.0	 0.0	 0.0	 0.2	 1.7	 0.6	 4.1	 0.0	 0.8	 be
Scotch	 0.2	 -0.4	 -0.4	 0.0	 4.5	 1.0	 4.4	 0.0	 1.2	 c
Native	 0.0	 -1.0	 -1.0	 -0.8	 0.6	 -1.0	 3.1	 0.0	 0.0	 a
Mean	 -0.1	 -0.2	 -0.3	 -0.2	 2.3	 0.2	 3.4	 0.0

a4	a	 a	 a	 c	 b	 c	 ab

STEM HEIGHT RELATIVE TO CHECKS [LSD 5% = 0.3 for individual isolate x variety entrees.]
Peppermint Peppermint Peppermint -inoculated

Variety	 Maple	 Cauliflower	 Potato	 Coneflower Montana California-1	 California-2 Check Mean
Black Mitc	 1.10	 1.30	 1.10	 1.20	 0.90	 1.40	 0.80	 1.00	 1.10
Roberts	 1.20	 1.20	 1.20	 1.20	 1.00	 0.90	 0.60	 1.00	 1.04
Murray	 1.00	 1.00	 1.20	 1.10	 0.80	 1.20	 1.00	 1.00	 1.04
Todd	 1.10	 1.00	 0.90	 1.00	 1.00	 1.10	 0.50	 1.00	 0.95
Scotch	 1.00	 1.00	 1.10	 1.00	 0.60	 1.00	 0.50	 1.00	 0.90
Native	 1.00	 1.00	 0.90	 0.90	 1.00	 0.90	 0.70	 1.00	 0.93
Mean	 1.07	 1.08	 1.07	 1.07	 0.88	 1.08	 0.68	 1.00

b	 b	 b	 b	 ab	 b	 a	 b

DRY HAY WEIGHT RELATIVE TO CHECK6 [LSD 5% = 0.4 for individual isolate x variety entrees.]
Peppermint Peppermint Peppermint -inoculated

Variety	 Maple	 Cauliflower	 Potato	 Coneflower Montana California-1 	 California-2 Check Mean
Black Mitc	 1.30	 1.70	 1.60	 2.00	 1.80	 1.50	 0.70	 1.00	 1.45
Roberts	 1.20	 1.60	 1.10	 1.20	 0.70	 0.90	 0.30	 1.00	 1.00
Murray	 1.10	 1.20	 1.40	 1.90	 0.30	 1.70	 0.60	 1.00	 1.15
Todd	 1.40	 1.60	 1.90	 1.30	 1.30	 1.40	 0.20	 1.00	 1.26
Scotch	 0.90	 1.20	 1.10	 1.00	 0.10	 1.10	 0.40	 1.00	 0.85
Native	 1.30	 1.30	 1.30	 1.00	 1.10	 1.30	 0.50	 1.00	 1.10
Mean	 1.20	 1.43	 1.40	 1.40	 0.88	 1.32	 0.45	 1.00

d	 d	 d	 d	 be	 cd	 a	 c

1 Non mint isolates of Verticillium dahliae were recovered from wilted plants of the type listed; for each experiment, roots of rooted
cuttings were dipped into 1 x 10 7 spores of V. dahliae per ml water suspension. Each wilt and stem mean represents
5 replications; each weight mean 4 replications. Experiments lasted 7 to 10 wk depending on greenhouse temperature; this
one 10 wks because of cool fall temperatures.
2 Wilt rating was -1 = growth promotion, 0 = no symptoms, 1 through 3 = mild through severe stunting and/or yellowing, 4 =
some dead foliage and branches, and 5 = dead plant.
3 The two Califomia isolates were recovered from the same plant in 1997. The Montana mint isolate was
previously tested and was considered a positive check. For a single replication held in a light bank for 13 wks, the severity of the
reaction on all varieties worsened with the Montana isolate, but California isolates and non mint isolates remained similar.
For the Montana isolate, wilt rating increased to over 4, stem height dropped to a rating of 0.70 and dry hay weight rating dropped to 0.65.
' Means followed by the same or no letter are not separable (P< 5%).
5 Height of the longest stem was determined for each pot. Means for individual entrees were divided by the mean for the
noninoculated check. A mean greater than 1.0 represents overall average growth promotion for the treatment.
6 Dry weight of all foliage was determined for each pot. Means for individual entrées were divided by the mean for the check.
A mean greater than 1.0 represents overall average growth promotion for the treatment.
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MINT POWDERY MILDEW CONTROL, 1997

Fred J.Crowe and Marvin Butler

Abstract

Fungicides were applied to plots located in three central Oregon peppermint fields in 1997.
Objectives were to determine whether mildew affected mint performance and to further evaluate
efficacy of sulfur and nonlabeled fungicides of interest. Fungicides were applied with 20 gpa water
and 1 pt/ac Silgard using a CO vowered backpack sprayer. Mildew ratings were based on the
percentage of leaf area covered by the mildew fungus for 16 leaves, using the third and fourth
mature leaf Average ratings represent a wide range of actual leaf ratings per plot. A 30% rating
is composed of a moderate proportion of leaves that are individually rated above 80%. For fields A
and B, treatment was imposed after ratings had increased. For field A, fungicides improved hay
yields and trended toward improving oil yields. No such trends were seen for Field B. Mint was
quite weak in Field C, and mildew was treated at a lower mildew rating. There was strong, positive
fungicide response in hay yield and a positive trend in oil yield in this field. Anecdotal information
suggests that mildew impact is greater for weak or stressed mint, and these data support this
contention. Leaf damage was greater with sulfur and no treatment (fields B and C). A simpler,
quicker rating system will be developed in 1998, and the impact controlling the initial buildup of
mildew will be addressed

Introduction

Powdery mildew (Erysiphe chicoracearum) is common on Central Oregon peppermint. Whether
powdery mildew commonly damages peppermint in this region, and is worth exerting control
measures against, is controversial. Mildew develops most rapidly and extensively during prolonged
periods of warm, humid, and cloudy weather and with dense foliage. These conditions encourage
sporulation and infection. In general, mildew fungi do not kill plant cells outright but instead grow
on living plant cells. They poke holes in plant leaves which causes higher transpiration rates, and
their feeding reduces leaf growth and photosynthetic activity. Highly infected leaves may become
dysfunctional, while still losing water, and eventually may die.

Black Mitcham peppermint and Scotch spearmint are more susceptible than other commercial mint
varieties, but neither is much grown in Central Oregon. In Central Oregon, the more tolerant Todds
and Murray sometimes become damaged. Damage is of most concern during the month before
harvest, because it is the leaves which develop during this month that are harvested for oil or tea
leaves. High levels of mildew earlier in the year might effect growth and development but later in
the year might impact fall and spring vigor and winter survival.

The criteria for determining when control is necessary to protect foliage are not clear. For highly
susceptible varieties, and in regions such as the Columbia Basin which are conducive to long
periods of high mildew activity, control may be easily justified. In Central Oregon, conditions for
mildew rarely persist, and mildew activity is sporadic. Ultimately, there is need for an integrated
pest management program for powdery mildew that considers current incidence of mildew, stage of
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plant development, weather and climate information, anticipated harvest dates, cost and efficacy of
control products available, and other factors.

Sulfur is effective against powdery mildew, is relatively inexpensive, and has been regularly applied
in central Oregon. Further, sulfur is considered to provide partial control of spider mites. Recently,
however, concerns have been raised about the routine use of sulfur: Sulfur may adversely impact
predator mites more than spider mites, causing rapid resurgence of spider mites even if partial
control is directly achieved (Mark Morris, A.M. Todd Co., personal communication, 1996).
Further, at least one major end user of mint oil wishes to receive no sulfur residues in mint oil. In
1996 and 1997, Christensen (1998) showed that sulfur residues were directly attributable to sulfur
fungicide usage, rather than other sources of sulfur. Currently, the only registered fungicide for
mildew is sulfur, but newer and more expensive fungicides such as Tilt and Rally are in the process
of being registered for rust and mildew. Our study was designed to measure the impact of high
powdery mildew levels in central Oregon, to compare several fungicides for its control, and to
contribute samples for oil-residue analyses. We used this opportunity to learn how to measure and
monitor current incidence, toward development of IPM tools. This is our second year of this
project; 1996 results were published in the previous annual report (Crowe and Butler, 1997).

Methods

In 1997 as in 1996, fungicides (See Table 1 for products used) were applied to peppermint in several
commercial fields in central Oregon in which mildew was progressing. Fungicides were applied
with 20 gpa water and 1 pt/ac Silgard using a CO2-powered backpack sprayer. Plots were 20' x 20',
replicated 3 times.

Pre- and post-treatment evaluations of mildew were rated by visually determining the proportional
leaf area covered by powdery mildew on the third and on fourth mature leaves from the top of the
plant, for 15 to 20 randomly selected stems from each plot. At some dates, estimates were made of
leaf damage using a 0 (no damage) through 5 (death) scale.

In 1997, plots were harvested on August 12-14, 1997, just prior to commercial harvest. A gas-
powered mechanical mower was used to cut mint, which was bagged as long-stemmed (i.e., not
chopped) hay and air dried until distilled in research stills.

Mildew estimates and yields were compared using analysis of variance.

Results

FALL 1996, SPRING 1997: Two fields with substantially mildewed fall regrowth were treated in
the early fall of 1996. Treatment was late enough that no differences in mildew incidence were
observed prior to fall dormancy. No mildew recurred in the spring on these trials. Relatively high
levels of mildew recurred by mid-summer, with no carryover effects of fall treatment measurable.
Plots were harvested, but no carryover effects of 1996 treatments were seen with respect to either
1997 mildew incidence or mint yields. Data from these treatments are not shown.
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SPRING/SUMMER 1997: Four fields were identified with moderate to high levels of mildew
appearing in early to mid-July. The expectation was that some or all of the affected foliage after this
period would be harvested. Treatments of Tilt, Rally and Sulfur (Microthiol), and untreated checks,
were made to all fields in replicated field trials. Pre- and post-treatment mildew levels, leaf damage
ratings and harvest data are shown in Table 1 for three of the four fields – the fourth was
commercially over sprayed with sulfur and was eliminated from the study.

In Field A, the 3"I and 4th leaves averaged about 30% mildew coverage on July 11, 1997. An
average of 30% leaf coverage represents individual leaf coverage of 0 through 100%, so at least
some leaves are highly involved. On August 5, the mean mildew rating was near zero for all
treatments, and no leaves showed any leaf damage from mildew or applied products. The zero
rating for untreated mint indicated that weather alone killed or inactivated mildew from the plots,
along with promoting rapid mint growth so that the 3 rd and 4th leaves present at the later sampling
were free of mildew. Inspection of the older leaves indeed suggested that mildew which had been
active on those leaves was no longer active. Mean mint hay yields were significantly higher (p<5%)
for mint treated with each fungicide, compared with untreated mint, although oil yields were not
statistically separable at a 5% statistical significance level. Assuming hay yields were affected by
mildew, this suggests that weather-induced reduction of mildew in the untreated plots proceeded
slowly in comparison to rapid control of mildew in fungicide treated plots. We should have rated
the mildew sooner than August 5 in this case.

In Field B, the mean mildew rating again averaged about 30% on July 11, 1997, and was reduced
again to near zero about 3 weeks later. In this case, neither hay nor oil yield advantage was gained
with fungicide application. However, mean leaf damage ratings were higher for both sulfur treated
and untreated plots. This suggests that the mildew did some damage, and it is likely that the sulfur
too was somewhat damaging to foliage. It also suggests that either the growth rate was slower in
this field, so that some previous leaves were still at the 3 rd or 4th level, or that damage occurred on
younger foliage in the earlier period. This effect perhaps should be clarified in later studies.

In Field C, average mildew level on July 3 was about 4 to 10%, much lower than in Fields A and B.
An average of 5% leaf coverage represents individual leaf coverage of 0 through perhaps 50%, but
only a few of the later. On July 18, mildew was absent from fungicide treated plants, but remained
at about 6% on untreated plants. This field was treated earlier than Fields A and B, and the weather
most conducive to active mildew occurred later in July. A mildew rating of 6% was not enough
mildew to result in leaf damage observed later, so it seems likely that higher levels of mildew
developed on at least the untreated mint at some point later in July. We did not take additional
mildew ratings later than July 18, but we probably should have as the harvest data suggests a strong
difference in yields related to products used. Leaf damage rating on July 18 was greater in the sulfur
treated and untreated plots than for Tilt and Rally treated plots. The mint in Field C was under
greater stress from other factors, and the 3 rd and 4th leaves probably were not fully replaced by the
second rating. Similarly, hay and oil yields on August 13 were lower for sulfur treated and
untreated plots. In the case of sulfur, it is possible that leaves were damaged by the product, and
this directly resulted in yield.
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Discussion

Our method of measuring the incidence of mildew on mint leaves under a high-powered binocular
microscope is time-consuming. Using this method, mildew incidence even at trace levels can be
determined rather precisely. The area covered by active mildew is estimated and averaged for all
leaves per plot. In the long run, a more expedient, in-the-field method is needed. Development of a
climate model might better predict likely period of mildew buildup.

In 1997, we measured diverse responses of plants and mildew to applied products. There seems to
be evidence that sulfur itself can be damaging, probably related to hot weather or some prior mildew
damage. Clearly, mildew itself can result in leaf damage. Yields were affected in several cases,
irrespective of whether leaves showed damage on the days we observed them. In the field showing
the greatest yield response to fungicides (Field C), the mint was weak from other factors. It may be
that mildew damage is worse on mint which is not growing vigorously. If growth was retarded by
other factors, newer leaves would be less likely to replace mildewed leaves within the canopy. For
example, there is an industry impression that under-fertilized mint may be more susceptible to
mildew (E. Fairchild, Eugene Farmers Coop, Eugene OR, personal communication, 1998). Crop
stresses are something to consider in future investigations.

We earlier believed mildew to be only occasionally damaging, and it is likely that our three fields in
1997 were not representative of most fields in the region; nevertheless, we did have mildew impact
in all three fields. In most case, we believe cloudy, humid, warm weather does not usually persist
long enough to allow mildew to reach damaging levels, but in 1997 it apparently did this. In the
case of Field B, weather alone eliminated moderate-to-high levels of mildew, but apparently not
before an impact on yield occurred.

We have not been able to invest the time to monitor fields as frequently as was needed in 1997 to
assess mildew activity and control at all the stages necessary. In order to determine the true impact
of mildew, research spray trials should be started well before mildew intensifies in order to preclude
any mildew buildup, and fields should be assessed weekly thereafter. This would not likely be an
optimal commercial program, so additional applications likely would be needed at those times of the
season when mildew intensifies.
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Table 1. Mean powdery mildew incidence and damage ratings, and mean yield responses
of peppermint to seasonal fungicide applications in three central Oregon commercial
peppermint fields, 1997'.

Harvest Data

	

Treatments	 Pre-treatment Post-Treatment Leaf Damage Fresh Hay Wt Oil Yield
Product Amount/Ac % Leaf Infection 2 % Leaf Infection	 Rating	 (Ib/Ac)/1,000	 lb/Ac

Field A	 7/11/97	 8/5/97	 8/5/97	 8/14/97	 8/14/97
Tilt	 6.0 oz	 31.7	 0	 0	 12.4 al?	 40.3
Rally	 5.0 oz	 29.5	 0.2	 0	 15.7 a	 42.6
Sulfur	 5.0 lb	 34.3	 0.1	 0	 14.0 a	 37.6
Untreated N.A.	 32.7	 0.1	 0	 10.4 b	 36

F-Test Observed	 0.87	 0.4	 0	 6.67	 2.89
F-Test 5%	 3.49	 3.49	 3.49	 3.49	 3.49

Field B	 7/11/97	 8/8/97	 8/8/97	 8/14/97	 8/14/97
Tilt	 6.0 oz	 33.8	 0	 1.0 a	 12.4	 40.8
Rally	 5.0 oz	 37.2	 0.3	 0.9 a	 13.4	 47.6
Sulfur	 5.0 lb	 31.5	 0	 2.1 b	 14.9	 45.3
Untreated N.A.	 36.5	 0.1	 1.9 b	 13.8	 51.2

F-Test Observed
	

3.22
	

0.72	 5.09
	

2.35	 1.78
F-Test 5%
	

3.49
	

3.49	 3.49
	

3.49	 3.49

Field C	 7/3/97	 7/18/97	 7/18/97	 8/13/97	 8/13/97
Tilt	 6.0 oz	 4.8	 0	 0.6	 11.5 a	 46.1
Rally	 5.0 oz	 5.4	 0	 0.5	 9.6 ab	 36.1
Sulfur	 5.0 lb	 5.7	 0	 1.8	 6.2 b	 29.1
Untreated N.A.	 10.9	 6.3 b	 1.3	 7.4 ab	 28.6

F-Test Observed
	

1.23
	

4.66	 1.6
	

4.15	 2.44
F-Test 5%
	

3.49
	

3.49	 3.49
	

3.49	 3.49

I Trials were randomized complete block experimental designs with 4 replications.
Data analyzed by analysis of variance.

2 Average of 15 measurements per plot; percentage of 3rd mature leaf covered by mildew.
Fungicides were applied the day in which leaves were sampled for mildew rating, or the next day.
3 Means with similar letters are considered similar statistically, 5% level. N.A. = Not Applicable.
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PEPPERMINT VARIETY TRIAL, CENTRAL OREGON, 1995-1997

Fred J. Crowe and Neysa Farris

Abstract

In paired, uniformly infested (in 1994) and noninfested variety trials in Central Oregon,
yields were not much different in infested and non-infested areas during 1995-1997,
indicating that wilt incidence was not yet sufficient to reduce yields. Oil and hay yields
were not statistically different among varieties in 1995-1997 (P<0.05). Wilt incidence
was not statistically different among varieties in 1995 and 1996 (P<0.05). After tillage
(without flaming) in the fall of 1996, wilt incidence in 1997 was much greater for Black
Mitcham than other varieties (P<0.05).

In 1997, inoculum recoveredfrom soil from initially noninfested plots remained below
the limit of delectability. Inoculum recovered in 1997 from plots initially uniformly
infested remained similar for all varieties except Black Mitcham which was 4 to 5 times
that found for other varieties (P<0.05). Wilt levels were closely associated with
recovered inoculum levels. It appeared that Black Mitcham was not more inherently
susceptible to wilt, but that inoculum increased disproportionately on Black Mitcham
than on other varieties. These results have implications on inoculum management and
varietal selection under different infestation scenarios.

Introduction

Well designed field trials were established in Central Oregon and elsewhere in 1994 and
1995 to compare yield, oil character, verticillium wilt tolerance and other noteworthy
responses among MIRC-sanctioned peppermint varieties and advanced MIRC selections.
Reported here are data from the third full season from the trial in Central Oregon, along
with selected data from 1995 and 1996. Reports from Central Oregon for 1996 and 1995
area available and provide perspective on results from the first and second full harvest
seasons, especially information on water usage differences between Black Mitcham and
other peppermint varieties (Crowe, 1996; Crowe et al., 1997). Previously, no
comparative trials existed in mint which could be subjected to statistical analyses.

In Central Oregon and in some other locations, varieties were tested both with and
without a uniform background of added inoculum of the verticillium wilt fungus,
Verticillium dahliae. Cultural practices were applied uniformly across the trial, and were
considered appropriate for commercial peppermint production in central Oregon.

The 1997 year was to be the last for this trial, but unexpected results reported below
indicated that the trial should be held over into 1998.
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Materials and Methods

In two adjacent trial areas (main plots), rooted cuttings for six peppermint varieties
(subplots) received from Plant Technologies Inc. were established during the summer of
1994 in 8.5'x20' plot, replicated and randomized within four blocks within each area.
Mint growth thereafter was maintained within a 10'x20' subplot area. All individual
subplots in one of the areas were overseeded with microsclerotia (MS) of V. dahliae in
the fall of 1994, sufficient to provide a calculated 2 MS/g soil in the top 10 cm of each
subplot. Both areas were rototilled in the fall of 1994, which also re-distributed rhizomes
and provided for more uniform plant stand in the spring of 1995.

Through harvest of 1996, with respect to irrigation, fertility, weed and pest control, etc.,
the overall trial was uniformly maintained as per routine mint culture in central Oregon,
but great care was taken to avoid cross-contaminating V. dahliae into the non-infested
trial area. No fall tillage was imposed in 1995, and all plots were propane flamed.

In 1996, infested plots were not post-harvest flamed but were tilled in the fall of 1996.
The intent was to intensify wilt incidence in infested plots in 1997. Propane flaming kills
most microsclerotia (MS) of V. dahliae, which reduces the MS which might later find
their way into the soil; tillage tends to incorporate any MS from wilted stems directly into
the soil, which eventually intensifies wilt (Horner and Dooley, 1965; McIntyre and
Horner, 1973). Noninfested plots were not tilled and were flamed in 1996. Thus, in
1997, the split-plot design was abandoned, and the two trial areas were handled as
independent trials.

Data on plant growth and performance, oil yield and character, and disease incidence
were taken since establishment. More growth data are included in annual reports for
1995 and 1996 years of production than for 1997. Detail of data collection methods is
included in the footnotes of accompanying tables.

Individual wilt strikes were marked individually and recorded as in previous years.
However, as such strikes develop closer than 1 foot, they can no longer be distinguished,
and the number of strikes becomes increasingly underestimated as they become more
abundant. An effective upper limit on the number of strikes for these 200 ft2 plots is 200
strikes per plot (i.e. 1 strike per each ft 2), although underestimation probably becomes
marked as this number exceeds 1 per 2 ft2.

Harvest was on August 13, 1997. Subsamples from each plot were collected and distilled
at the Oregon State University (OSU, Corvallis) stills. Oil from each plot sample was
provided to A.M. Todd Co. for oil component analysis.

Data were analyzed by analysis of variance.
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Results

Mean wilt disease levels, percent lodging, fresh hay weights and oil yields for 1997 are
shown in Table 1. Wilt continued to be nearly absent from noninfested plots, in spite of
the close (30 ft) distance to nearby infested plots. Fall tillage of infested plots resulted in
slight delay in growth of infested plots compared to noninfested plots. This delay is
reflected in the lower level of lodging in infested plots than infested plots as late as the
week before harvest. As in other years, Black Mitcham lodged more extensively than
other varieties.

Based on the very high incidence of wilt in Black Mitcham in the infested area in 1997
compared to other varieties, hay and oil yields were anticipated to be lower than are
shown in Table 1 relative to the other varieties. This was not the case, which probably
reflects the high yield capacity for Black Mitcham compared to other varieties. Yields
were slightly higher in the noninfested area, but this might reflect maturity rather than
disease incidence. Within each area, no statistically significant differences (P<5%) were
measured among any of the six peppermint varieties.

Oil component analysis is not shown. Differences among oil components by variety was
thought to be due to subtle growth and development differences and water usage
differences discussed more extensively in reports on 1995 and 1996 harvest years.

Soil was collected from selected plots during the August, 1997. Twenty 6-inch deep x f-
inch dia soil cores per plot were composited per subsample, and two subsamples were
collected per plot. Soil was air-dried for 5 wks following sampling to allow conidia of V
dahliae to die. The soil assay was as per Harris et al. (1993). Means for each treatment
are shown in Table 2. Data were expressed as colony forming units (CFU) per gram of
soil. CFU may include individual and aggregated microsclerotia, which both appear as a
single colony on selective agar growth medium, but CFU is considered and estimate of
MS population. CFU in infested plots was much higher than from noninfested plots,
which primarily reflects the fact that they were artificially infested in the fall of 1994.
The small number of CFU in noninfested plots probably reflects the presence of V.
dahliae which already existed in the soil and which is not pathogenic to mint.

The data suggest that, by mid-summer of 1997, soil populations of MS increased
disproportionately higher on Black Mitcham than on other varieties.

Hay yield, oil yield and wilt strikes for 1995 through 1997 are graphed in Figures 1, 2
and 3. Inoculum recovery for 1997 is graphed in Figure 4. The pattern of wilt strikes per
variety in each year is remarkably similar to that of inoculum recovery. It seems a
reasonable assumption that inoculum did not change in Black Mitcham plots until tillage
in the fall of 1996, based on the relative similarity in wilt incidence among varieties in
1995 and 1996. These data suggest that inoculum builds up more rapidly with Black
Mitcham than other varieties, but that Black Mitcham is not more inherently susceptible
to wilt than other varieties.
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Discussion

Wilt levels in 1995 and 1996 were comparable among all varieties. We had anticipated
much higher wilt in Black Mitcham in 1995 and 1996, but this simply did not occur. In
1997, after tillage and no propane flaming, great differences in wilt did develop in
infested Black Mitcham plots compared to infested plots of all other varieties. These data
suggest that Black Mitcham serves to reproduce MS more than do other varieties, but this
hypothesis needs to be further tested. If true, there are implications for following Black
Mitcham with other varieties after Black Mitcham has "wilted out". The other varieties
likely will do no better than Black Mitcham under these conditions. In other words, other
varieties really are not more tolerant of wilt. Further, these data suggest that inoculum
management by propane flaming without tillage, or other means, needs serious
consideration, rather than depending upon so-called varietal tolerance. In new
production regions, growers should consider converting from Black Mitcham to other
varieties before much wilt is present.

In past years, we noted that Black Mitcham used water differently than other varieties.
Common irrigation of all varieties resulted in either over watering of Black Mitcham as in
1996 (which possibly contributed to enhanced lodging and reduced wilt symptoms), or
under watering of other varieties as in 1995 (which is reflected in lack of lodging, water
stress and early maturity, less new leaf development near harvest, over maturity of oil,
premature leaf drop and reduce yield, and possibly greater wilt symptoms). In 1997, we
tended to over water as we did in 1996.
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Table 1. Peppermint variety trial harvest data, 1997, OSU-COARC Madras'

Wilt Strikes
per 200 ft
8/12/97

0	 a2

Lodging	 Fresh Hay Wt Oil Yield
% of plot	 (Ib/Ac)/1,000	 lb/Ac
8/1/97	 8/13/97	 8/13/97

44 a	 23.6	 75
0 a 48 a 24.6 78
1 b 81	 b 20.5 64
0 a 61	 ab 22.4 72
0 a 54 a 25.1 76
0 a 46 a 24.0 73
0 55.8 23.5 73

36 a 4 a 19.8 63
45 a 5 a 19.8 65

197 b 31	 b 13.8 65
52 a 1	 a 15.8 65
27 a 1	 a 17.4 67
31 a 3 a 17.3 52
64 7.5 17.3 63

Treatments

Non -infested"
Murray
Todd
Black Mitcham
Roberts
M83-7
T84-5
IMEAN

Infestedii
Murray
Todd
Black Mitcham
Roberts
M83-7
T84-5
IMEAN

1 Trial was planted from rooted cuttings in 1994; 1997 was third harvest year. Experimental
design was a randomized split plot, with half of the trial area artificially and uniformly infested
with approx. 2 microsclerotia/g soil of V. dahliae, and the other half noninfested. There were 4
replications of each variety within each split plot. Because non-infested plots were flamed, and
Infested plots were tilled, they were treated as two independent trials in 1997
with respect to statistical analysis; no infestation interaction analyses were performed.
2 Means with letters in common are not statistically different (P<5%).

Table 2. I noculum density estimates for Verticillium dahliae in August, 1997,
from the mint variety trial at Madras OR1.

Variety Non-Infested Infested

Murray 0 4.3 a2
Todds 0.1 2.7 a
Bl. Mitcham 0.2 18.1	 b
Roberts 0.1 5.0 a
M83-7 0.1 2.4 a
T84-5 0 4.0 a

Plots were uniformly infested with (calculated) 2 microsclerotia/g soil in 1994.
Plots were flamed and not tilled in 1995, but were tilled in the fall of 1996
without post-harvest flaming in 1996.
2 Means with letters in common are not statistically different (P<5%).
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Fig. 1. Mint variety trial data, 1995-1997, at Madras OR.

1 Mean hay weight for plots uniformly infested with V. dahliae in 1994. No statistical
differences were found within each year (P<5%).

2 Mean oil yield for plots uniformly infested with V. dahliae in 1994. No statistical
differences were found within each year (P<5%).

3 Mean wilt strikes at harvest for plot uniformly infested with V dahliae in 1994. No
statistical differences were found among varieties in 1995 or 1996 (P<5%). In 1997,
significantly more wilt strikes were found in plots with Black Mitcham than in other
varieties (P<5%). The infested trial was tilled following harvest in 1996.

4 Mean colony forming units (CFU) of V. dahliae recovered from varieties in infested
and non-infested trial areas in 1997. More wilt strikes were found in plots with Black
Mitcham than in other varieties (P<5%). The infested trial was tilled after harvest, 1996.
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POTATO CULTIVAR RESPONSE TO MOISTURE STRESS AND
VERTICILLIUM DAHLME

Arbogast, M., Powelson, M.L., and Cappaert, M. R.

Abstract

Six potato cultivars that differed in resistance to Verticillium wilt were grown in field
plots under three different amounts of applied water in the presence or absence of V.
dahliae inoculum. Response variables were severity of foliar senescence, measured as
relative area under the senescence progress curve (RAUSPC), aerial biomass, apical
stem populations ofV. dahliae, and tuber yield. Based on RAUSPC values, 'Katandin'
was resistant to both a moisture deficit stress and Verticillium wilt. 'Ranger Russet' was
resistant to Verticillium wilt but not to a moisture-deficit stress. The amount of the
pathogen in the terminal end of the stem is another measure of a cultivar's response to
the Verticillium wilt. The small population size of Verticillium in 'Katandin'
corresponded with its low RAUSPC values. In 1997, apical stem populations were also
small in 'Ranger Russet'. In contrast, 'Russet Burbank' and `Shepody' were susceptible
to both a moisture deficit stress and Verticillium wilt as measured by RAUSPC. Apical
stem populations of Verticillium were correspondingly larger in these cultivars. Aerial
biomass and tuber yield were reduced by a soil moisture deficit but were unaffected by V.
dahliae. We conclude that tolerance to moisture stress corresponds to resistance to
Verticillium wilt in 'Katandin, and sensitivity to moisture stress in 'Russet Burbank' and
Shepody' corresponds to susceptibility to Verticillium wilt.

Introduction

Verticillium wilt (i.e., potato early dying) is a limiting factor in potato production
throughout many temperate parts of the world, including the Pacific Northwest.
Although in some areas more than one pathogen may be involved, the primary causal
agent in the Pacific Northwest is Verticillium dahliae. This soil-borne pathogen is
typically controlled with soil fumigation and by cultural practices including irrigation and
crop rotation. Recently, cultivars with some resistance to Verticillium wilt have been
released. Soil solarization and the plow down of green manures are other management
tactics currently being investigated.

Verticillium wilt begins when the fungus penetrates the vascular tissue of the root. Once
established in the xylem, it proliferates as mycelium and spores. This eventually creates
an effective barrier to transpiration, resulting in an internal drought. Foliar symptoms of
leaf wilting, chlorosis, and necrosis, as well as stunted growth develop. As a result of
reduced plant growth and premature foliar senescence, tuber yield is reduced. Similar
symptoms are observed when soil moisture is limiting.

Soil moisture plays a critical role in the severity of Verticillium wilt in 'Russet Burbank'
(Solanum tuberosum). If potatoes are grown at greater than 100% estimated consumptive
use, disease can be severe, and conversely, if a mild drought stress is maintained between
emergence and tuber initiation, disease can be suppressed. A mild drought stress during
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this time frame, when most root infections by Verticillium occur, may enhance resistance
to this disease. If this response holds true for other cultivars is not known. Therefore, our
rational for exploring the relationship between soil moisture status and severity of
Verticillium wilt of different potato cultivars are three-fold. First, we are testing the
hypothesis that cultivars that tolerate a moisture deficit stress are resistant to Verticillium
wilt. Second, if resistance to Verticillium wilt and tolerance to a mild moisture deficit
stress are related, then screening for tolerance to a moisture deficit stress may provide
another tool for identifying germplasm with resistance to Verticillium wilt. Third,
irrigation guidelines for managing this disease in other potato cultivars could be
developed as has been for Russet Burbank.

Materials and Methods

Field plots were established from 1996 to 1997 at the Central Oregon Agricultural
Research Center, Madras, Oregon. Treatments were six cultivars (`Katandin', 'Ranger
Russet', 'Red La Soda', 'Russet Burbank', `Shepody', and Wiking'), three amounts of
applied water ranging from optimum for maximum yields to suboptimum (a season long
moisture deficit), and two levels of Verticillium dahliae inoculum. Responses measured
were aerial biomass, foliar senescence (reported as relative area under the senescence
progress curve [RAUSPC]), apical stem populations of V. dahliae, and tuber yield.

Results

In both years, 'Katandin' was tolerant to a moisture deficit stress and Verticillium wilt
and 'Ranger Russet' was resistant to Verticillium wilt (Figures 1 and 2). Apical stem
populations of Verticillium were significantly lower in 'Katandin' compared to other
cultivars (Table1), which relates to its resistance to Verticillium wilt. In 1997 both
`Ranger Russet' and 'Katandin' had similar amounts of fungal biomass in their stem
apices. 'Russet Burbank' and `Shepody' were both sensitive to a soil-moisture deficit and
susceptible to Verticillium wilt. In addition, populations of V. dahliae in the stem apices
were high. In all cultivars, with a decrease in soil moisture, aerial biomass and tuber
yields were reduced. When grown in Verticillium infested soil, neither aerial biomass nor
yields were reduced regardless of soil moisture status.

Conclusions

Disease pressure was mild to moderate in both 1996 and 1997. Consequently, disease
was not severe enough to impact aerial biomass and tuber yield. The temperature range
for August was 10.6-29.8 °C and 11.7-29.7 °C for 1996 and 1997, respectively, slightly
lower than the optimum (21-27 °C) for Verticillium wilt. In addition, the degree-days
after planting (DDAP) reached 742 and 664 in 1996 and 1997. Disease severity is not
accelerated until after 800 DDAP an amount that was not reach in this study. When
temperatures are cool, transpiration and spread of the pathogen in the xylem are slower.
In addition to suboptimum temperature for disease development, the length of the season
in Central Oregon is also short (90 to 100 growing days). A short growing season may
mask any yield reductions due to Verticillium wilt, especially if vine-kill occurs before
early senescence has made a large impact on tuber yield.
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Nevertheless, tolerance to a moisture deficit stress corresponded to resistance to
Verticillium wilt in Katandin; conversely, sensitivity to a moisture deficit corresponded
to susceptibility to Verticillium wilt in Russet Burbank and Shepody. These results
suggest that this relationship could be exploited in a plant breeding program as a
germplasm-screening tool. We were unable to determine if Verticillium wilt can be
managed in cultivars other than Russet Burbank by manipulation of irrigation practices.
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Cultivars

Fig. 1. Amount of applied water * cultivar interactions on relative area under the senescence progress
curve (RAUSPC) of potato in A, 1996 and B, 1997. Within cultivar, bars with the same letter did not differ
significantly according to Fisher's protected least significant difference (LSD) test (P50.05). Amount of
applied water x cultivar interaction for A, P=0.0090; and B, P=0.0194.
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Fig. 2. Inoculum density of Verticillium dahliae * cultivar interactions in relative area under the
senescence progress curve (RAUSPC) of potato in A, 1996 and B, 1997. Within cultivar, bars with the
same letter did not differ significantly according to Fisher's protected least significant difference (LSD) test
(P�0.05). Inoculum density of Verticillium dahliae * cultivar interaction for A, P=0.0090; and B,
P=0.0194.

Table 1. Population size (CFU/g) of
Verticillium dahliae in stem apices of six
potato cultivars grown in Verticillium
infested soil, 1996 and 1997, Madras, OR. 
Cultivar	 1996	 1997 
Katandin	 2.5' a 2 	3.8 a
Ranger Russet	 5.1 b	 3.8 a
Red La Soda	 5.5 bc	 6.4 c
Russet Burbank	 5.7 bc	 5.7 bc
Shepody	 6.8 c	 5.9 bc
Viking	 5.6 bc	 5.1 b 
Values are In CFU/g stem apices.

2 Within year, values with the same letter did
not differ significantly according to Fisher's
protected least significant difference (LSD)
test (P�0.05).
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EARLY BLIGHT CONTROL WITH QUADRIS

Steven R. James

Abstract

An experiment to evaluate the efficacy of the new broad spectrum fungicide Quadris
(azoxystrobin) on early blight development in 'Shepody' (Solanum Tuberosum L.) potatoes was
planted at the Powell Butte site of Central Oregon Agricultural Research Center in 1997. Early
blight was first observed in the experiment on August 5 and the percentage of the leaf area
infected with early blight nearly doubled each week after mid-August in the untreated control
plots. The plots treated with Bravo (chlorothalonil) and Quadris (0.25 lb ai/acre) reduced the
incidence of early blight as compared with the untreated control for the entire growing season
except for the last foliar observation date. On that date, only Quadris (0.25 lb al/acre) reduced
the incidence of early blight as compared with the untreated control. Infection levels in the plots
treated with the low rate of Quadris (0.15 lb ai/acre) were similar to the untreated control
during September, suggesting that either a higher rate or more frequent applications of Quadris
are needed to suppress early blight under favorable conditions. Higher total yields than the
untreated control were observed with the Quadris (0.25 lb ai/acre) treated plots. Fungicide
treatments did not affect tuber size or specific gravity.

Introduction

Early blight (Alternaria solani) is the most common annually occurring foliar disease of potatoes
in central Oregon. Early blight is most severe under alternately wet and dry conditions;
consequently, the problem is frequently observed in sprinkler irrigated potato growing regions.
If not controlled it can reduce both tuber yield and quality in some cultivars, particularly
'Norkotah' (Solanum Tuberosum L.) and 'Shepody' (Douglas and Gamer, 1974; James, 1991).

New fungicide formulations and chemistry are continually being developed for the control of
various foliar diseases on potatoes. Quadris (azoxystrobin), a broad-spectrum fungicide
developed by Zeneca Ag Products, is the first of a new class of pesticidal compounds called 13-
methoxyacrylates, which are derived from naturally occurring strobilurins. The active portion of
the azoxystrobin molecule was originally discovered in a mushroom (Strobilurus tenacellus) and
was enhanced to make it stable in sunlight and provide some degree of systemic activity. The
chemistry works by inhibiting fungal mitochondrial respiration.

This study was designed to evaluate the efficacy of Quadris on the development of early blight in
Shepody potatoes.

Materials and Methods

An experiment to evaluate the efficacy of the new broad spectrum fungicide Quadris on early
blight was planted at the Powell Butte site of Central Oregon Agricultural Research Center on
May 22, 1997. The experiment was planted with the cultivar Shepody and arranged in a latin
square design with four replications. Individual plots were 20.25 ft (three rows) X 9 ft and were
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bordered on each end with five feet of unplanted row. Each of the three rows in a plot contained
27 seed pieces, spaced nine inches apart. The experiment was fertilized, cultivated, sprinkler
irrigated, and managed according to practices commonly used in central Oregon.

Treatments included an untreated check, Quadris applied at a rate of 0.15 and 0.25 pounds of
active ingredient per acre per application, and one and one-half pint of Bravo WS per
application. Bond (latex agricultural sticker, Loveland Industries) was added to the Quadris
spray solutions at a concentration of 0.125% (volume to volume). The Quadris and Bravo
treatments were initially applied on July 15 at 60% row closure and continued every two weeks
for the remainder of the growing season (July 29, August 12, August 26). Applications were
made using a carbon dioxide powered backpack sprayer delivering 30 gallons per acre at 32 psi
with Teejet 8003 flat fan nozzles. Early blight was allowed to develop naturally during the
course of the growing season. Each plant in the center plot row was rated for the percentage of
the leaf area covered by early blight lesions using the Manual of Assessment Keys for Plant
Diseases (James, 1971). Early blight observations commenced July 29 and continued weekly
until September 16.

Vines were flailed on September 22, and a 15-foot section from the middle row of each plot was
harvested October 13, 1997. Plots were graded into four size and three grade categories. The
total number of tubers per plot was determined and used to calculate the average tuber size.
Specific gravity was obtained using the air/water method.

Results

Early blight symptom development is summarized in Table 1. Early blight was first observed in
the experiment on August 5 in the untreated control. The percent of the leaf area infected with
early blight nearly doubled each week after mid-August in the untreated control plots. Both rates
of Quadris and Bravo significantly reduced early blight infection as compared with the untreated
control during much of August. On September 2 and 9, Bravo and the higher rate of Quadris
significantly suppressed early blight infection levels below those of the untreated control.
However, infection levels in the plots treated with the low rate of Quadris were similar to the
untreated control during September suggesting that either a higher rate or more frequent
applications of Quadris are needed to suppress early blight under favorable conditions. Only
Quadris applied at the high rate reduced the incidence of early blight on September 16 when
compared with the untreated control.

Fungicide effects on yield, tuber size, and specific gravity of Shepody potatoes are summarized
in Table 2. No statistically significant differences in yield were observed among the fungicide
treatments except for total yield. Total yields of the plots treated with Quadris at 0.25 pounds of
active ingredient per acre were significantly greater than yields of the untreated control. Total
yields inversely mirrored the percentage of total leaf area infected with early blight.
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Table 1. Fungicide treatment effects on the development of early blight in Shepody potatoes,
Powell Butte, OR, 1997.

Total Leaf Area Infected With Early Blight Lesions (%)
Treatment Jul 29 Aug 5 Aug 12 Aug 19	 Aug 26 Sep 2 Sep 9 Sep 16

Check 0.0 0.1 0.8 4.2 9.2 15.5 30.1 54.1
Quadris 0.15 0.0 0.0 0.3 2.2 5.8 12.3 24.3 43.4
Quadris 0.25 0.0 0.0 0.4 2.0 5.0 8.3 17.5 36.0
Bravo 0.0 0.0 0.3 2.8 5.8 9.4 17.4 43.4

LSD (P�0.05) NS NS 0.3 1.6 2.7 6.2 9.1 12.2

Table 2. Fungicide treatment effects on yield, tuber size, and specific gravity of Shepody
potatoes, Powell Butte, OR, 1997.

Treatment
Yield (cwt/a) Tuber Specific

GravityTotal Ones Undersize Culls Size (oz)

Check 314 192 17 94 9.0 1.084
Quadris 0.15 341 191 14 110 9.2 1.086
Quadris 0.25 399 222 23 144 9.1 1.085
Bravo 362 174 26 138 9.0 1.085

LSD (P.�0.05) 56 NS NS NS NS NS
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SEED POTATO WINTER TEST COMPARISON STUDY
PRELIMINARY REPORT--YEAR TWO

Steven R. James

Abstract

An experiment to compare winter testing schemes for certifying seed potato lots was undertaken
in the fall of 1995. Samples taken from seedlots produced during the 1995 and 1996 growing
seasons were obtainedfrom local growers and divided into two size ranges. The 2-3 ounce
tubers were planted at Oceanside, California (outdoor site), and the 4-6 ounce tubers were
planted at Corvallis, Oregon (greenhouse site) and rated for viral and bacterial diseases by
certifying agencies in Idaho and Oregon, respectively. In each year, the percentage of plants
visually observed to be infected with Potato Virus Y (PVY) or Potato Leafroll Virus (PLRV) was
nearly identical at each testing location, although seedlot infection levels varied widely. A lower
percentage of emerged plants was observed at Oceanside than the greenhouses in Corvallis in
each year the experiment was conducted.

Introduction

Seed potato certification agencies require seed lots to be inspected during the growing season for
various pathogens, chemical injury, and other varieties. In addition, many agencies require all
seed lots passing growing season inspections to be winter tested prior to sale as certified seed
potatoes. Some certifying agencies winter test outdoors in southern sites such as Oceanside,
California or Homestead, Florida. Other agencies winter test seedlots in greenhouses in more
northern climates. Seed growers in Oregon (and perhaps other states) have wondered if the two
winter testing methods are equivalent. This study was designed to evaluate samples from the
same potato seedlot under two winter testing schemes.

Materials and Methods

1995-96 Experiment
'Russet Burbank' (Solanum tuberosum L.), 'Ranger Russet', and 'Shepody' tubers used for the
study were collected from a variety by irrigation by Verticillium study planted at Madras in 1995
by Mary Powelson and Meghan Arbogast, Oregon State University Plant Pathology Department.
The 'Katandin' seedlot used for that study was 40-50% infected with Potato Virus Y (PVY). The
other seedlots used in that study ('Russet Burbank', 'Ranger Russet', 'Shepody', 'Viking', and 'Red
Lasoda') were not initially infected with PVY but became infected with PVY during the growing
season. Late blight was also present in that study during the later part of the growing season.

Tubers from each lot were collected and sorted into three groups: 1) single drop seed weighing
2-3 ounces, 2) small tubers weighing 4-6 ounces, and 3) tubers weighing over 6 ounces. The
single drop seed was packaged and sent to the Idaho Crop Improvement Association for planting
and evaluation in Oceanside, California. The 'Russet Burbank', 'Ranger Russet', and 'Shepody'
lots were subjected to the same winter testing protocol as seedlots submitted from other seed
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growers except that the samples arrived too late to receive the normal dormancy breaking
treatment. The 4-6 ounce tubers were submitted to the Oregon State University Seed
Certification Service, and tubers were subjected to the same winter testing protocol as seedlots
submitted from other seed growers. The tubers weighing over 6 ounces were discarded. The
seedlots were scored by certification personnel from each respective location for the presence of
PVY, potato leafroll virus (PLRV), and any "other varieties" that may have been present in the
seedlot.

1996-7 Experiment
Five 'Norkotah' seed lots from the 1996 crop were obtained from local growers and divided into
two size ranges. The 2-3 ounce tubers were planted at Oceanside, California (outdoor site) and
the 4-6 ounce tubers were planted at Corvallis, Oregon (greenhouse site) by certifying agencies
in Idaho and Oregon, respectively. Submitted seed lots included three lots grown for seed, one
commercial lot, and one lot from research trials grown at Central Oregon Ag Research Center
(COARC). The commercial and COARC lots were expected to contain higher levels of PVY
than the lots grown for seed. Seed certification personnel handled the submitted seedlots in the
same fashion as lots received from seed growers. Once plants had emerged and grown to
sufficient size, they were rated for viral and bacterial diseases by personnel from each certifying
agency.

Results and Discussion

1995-96 Experiment
Table 1 summarizes the winter test results from the 1995-96 Oceanside and Corvallis plantings.
The percent leafroll, PVY, and other varieties observed at each location were nearly identical for
each of the varieties tested except 'Shepody'. Fewer PVY infected 'Shepody' plants were reported
for Oceanside because the 'Shepody' lot was observed only one time on January 23, 1996. Dr.
Richard G. Clarke reported concerning the 'Shepody' lot planted at Oceanside: "I'm sure that I
would have scored more visually positive plants if I had read it again on the second inspection.
Virtually every plant was probably PVY-infected." ELISA tests performed on 100 'Shepody'
leaves at Oceanside showed 99% were PVY-positive.

The percentage of plants that emerged and were observed at Corvallis was greater than that
observed at Oceanside. The Oceanside samples were not submitted in time to receive the
customary dormancy breaking treatment. They were also planted about six weeks earlier than
the Corvallis samples and this likely resulted in a greater number of dormant seed pieces.

1996-97 Experiment
Results of the 'Norkotah' seedlots planted at Oceanside and Corvallis during the winter of 1996-
97 are shown in Table 2. The percentage of plants visually observed to be infected with PVY
was very similar for each testing location, although infection levels varied from zero to over 50%
infected. No PLRV was observed in any of the submitted samples at either location. Relatively
poor stand counts were recorded at the Oceanside location, possibly because some plants had not
broken dormancy and emerged by the first inspection date (January 26-30, 1997) when stand
counts were taken.



Table 1. Summary of winter test results for three potato cultivars grown at Oceanside,
CA and Corvallis, OR, 1995-96.

Plant Count'	 PLRV (%)2	 PVY (%)2
Cultivar	 Ocean	 Corvallis	 Ocean	 Corvallis	 Ocean	 Corvallis

Russet Burbank	 305/370 361/400	 0.33	 0.00	 42.30	 44.60
Ranger Russet	 315/427 430/450	 0.00	 0.00	 41.00	 38.37
Shepody	 247/400 398/450	 0.00	 0.00	 89.07	 98.99
I Number of plants observed/number of tubers submitted
2 Percent based on number of plants observed

Table 2. Summary of winter test results for five Norkotah seedlots grown at Oceanside,
CA and Corvallis, OR, 1996-97.

Cultivar
Plant Count'

Ocean	 Corvallis
PLRV (%)2

Ocean	 Corvallis
PVY (%)2

Ocean	 Corvallis

Norkotah Lot 1 122/200 198/200 0.00 0.00 0.00 0.00
Norkotah Lot 2 69/200 192/194 0.00 0.00 56.52 47.40
Norkotah Lot 3 138/200 209/209 0.00 0.00 0.00 2.87
Norkotah Lot 4 122/150 203/207 0.00 0.00 0.00 0.00
Norkotah Lot 5 140/200 221/223 0.00 0.00 13.71 12.67
I Number of plants observed/number of tubers submitted
2 Percent based on number of plants observed
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USING SYSTEMIC INSECTICIDES FOR APHID CONTROL

Steven R. James and Gary L. Reed

Abstract

Identical experiments to evaluate systemic insecticides on long-term aphid control in potatoes
were planted May 13, 1996, and May 12, 1997, at the Madras site of Central Oregon
Agricultural Research Center. Aphids were collectedfrom each plot each week during the
growing season from July 8 to September 16, 1996, and July 2 to September 17, 1997, and
categorized as wingless, winged green peach aphid, or other winged. In both 1996 and 1997,
most of the aphids were collected during the first four weeks of the collection period (July) and
during the last two weeks of the collection period (September). Plots treated with Admire
(imidacloprid) provided wingless aphid control for 126-128 days after planting. Overall, plots
treated with Temik (aldicarb) at planting followed by Admire at haling provided best control of
wingless aphids. Admire applied at planting controlled wingless aphids one to two weeks longer
than Temik treated plots. Fewer winged aphids were collected from the Temik (14 and 20 lb/a)
treatments than other treatments during the entire course of the growing season. In 1996, the
yield of No. 1 grade potatoes was reduced by all insecticide treatments as compared with the
untreated check. No yield or specific gravity differences among the treatments were observed in
the 1997 study.

Introduction

Controlling the spread of potato viruses is a major problem for potato producers in North
America. Some viruses are spread mechanically by seed cutting and planting operations or by
contact between plants and farm equipment. Other viruses are transmitted from plant to plant by
living organisms (vectors), such as aphids or nematodes. Planting cultivars that do not show
visible symptoms of virus infection makes detection and roguing of infected plants difficult and
are often unseen sources of virus infections. Even the use of some insecticides, e.g., pyrethroids,
that are ineffective in controlling aphids but kill aphid predators increase the potential for the
spread of viruses (Rowe, 1993).

The major aphid-borne viruses in North America are Potato Leafroll Virus (PLRV) and Potato
Virus Y (PVY). PLRV is transmitted from plant to plant by several species of aphids in a
persistent manner. The aphid acquires the virus after several minutes to several hours of feeding
and usually retains the virus for life. After an incubation period, the infected aphid has the
potential to spread PLRV to any plant it may chose to feed on. PVY, on the other hand, is spread
in a nonpersistent manner by the green peach aphid, and perhaps more importantly, by various
grain aphids (Ragsdale et al, 1994). Aphids can acquire PVY within a few seconds after
beginning to feed on an infected plant and can then transmit the virus immediately to other
plants. They usually retain the virus no more than an hour, but retention for up to 24 hours has
been reported (Rowe, 1993).

Virus control efforts center around reducing the source of the virus or attacking the vector.
Attempts to control the spread of PVY in potato fields with foliarly applied aphicides have been
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limited because the aphicides are effective for short periods of time. In a typical 14-day spray
schedule, aphids are controlled for less than 48 hours before the insecticide breaks down.
Transient aphids are then free to enter the field, probe, and spread PVY until the next insecticide
application is made. Systemic insecticides are often effective in controlling the spread of PLRV
but sometimes fail to limit the spread of PVY because aphids may probe several treated plants
before death occurs.

Admire 2F (imidacloprid) gained an Environmental Protection Agency (EPA) registration for
use on potatoes in 1994 (May and Barton, 1994). Bayer Corporation, the developer and marketer
of Admire, claimed the new long-lived systemic insecticide would control Colorado potato
beetle, green peach aphid, leafhoppers, and potato flea beetle. Research conducted during 1994
in the Columbia Basin at Hermiston, Oregon demonstrated that Admire applied at planting at 20
oz/acre effectively controlled aphids and Colorado potato beetle for much of the growing season
(Reed, 1995). Similar results were also noted in an experiment conducted at Madras in 1995
(James and Reed, 1996).

This experiment was designed to compare the efficacy on aphid control for several systemic
insecticides used alone and in combination with each other in a location with a short growing
season (120 days) and low aphid pressure.

Materials and Methods

Identical experiments to evaluate systemic insecticides on long-term aphid control in potatoes
were planted May 13, 1996, and May 12, 1997, at the Madras site of Central Oregon Agricultural
Research Center. Plots (36 ft [12 rows] X 40 ft) were arranged in a randomized complete block
experimental design with four replications. Plots were separated by a six foot unplanted border
strip on each end and a four-foot implanted strip on each side. The experiments were planted
with certified 'Russet Burbank' (Solanum tubersosum L.) seed and fertilized with 960 lb/a of 19-
15-15-6 (NPKS) in 1996 and 1130 lb/a of the same fertilizer in 1997. The fertilizer was banded
to the side and two inches below the seed pieces at planting. The trials were sprinkler irrigated
and managed with cultural practices common in central Oregon.

The experimental treatments included:
1) Admire 18.9 oz of product per acre applied at planting
2) Admire 16.0 oz of product per acre applied at planting
3) Admire 13.1 oz of product per acre applied at planting
4) Temik 14 lb of product per acre following planting
5) Temik 20 lb of product per acre following planting
6) Temik 14 lb of product per acre following planting plus Admire 18.9 lb/a at hilling
7) Di-Syston 20 lb of product per acre following planting plus Admire 18.9 lb/a at hilling
8) Admire 18.9 lb of product per acre at hilling
9) Untreated check

Application equipment manufactured by Custom Ag Products (Benson, MN) was used to apply
the Admire at planting by dribbling the insecticide solution into the furrow behind the planter
seed piece drop chute. The Admire solution and seed pieces were covered with soil after
placement in the furrow. Admire rates were varied by changing the planter ground speed based
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on prior calibrations. In 1996, three Admire hilling treatments were applied prior to hilling on
June 18 with a hand-powered furrow opener that placed the liquid solution approximately two
inches under the soil and three-to-four inches to the side of the emerging plants. The plots were
then hilled on June 20, 1996. The following year, the same treatments were applied to the top of
the hill (3-5 inch plant growth) immediately before hilling on June 24, 1997, by a CO 2 backpack
sprayer in a 20 inch spray swath. The Temik and Di-Syston was applied on May 16, 1996, with
a hand-powered furrow opener that placed the material about two inches under the soil and three
to four inches to the side of the top of the hills. On May 30, 1997, a commercial positive
displacement applicator manufactured by Gandy was used to band the Temik and Di-Syston on
each side of the hills.

Aphids were collected each week by using a beating cloth (27 X 27 in). Beating cloth samples
were obtained by beating plants from eight hills from two of the center six rows of each plot and
collecting all aphids on the cloth. Sampling rows and sites were rotated, allowing no area to be
sampled more than once in six weeks. Aphids collected from the beating clothes were identified
as wingless, green peach aphids (GPA), or aphids other than GPA. Plots were sampled weekly
from July 8 to September 16, 1996, and July 2 to September 17, 1997.

Results and Discussion

Aphid collection was initiated on July 8, 1996, and July 2, 1997, when plants had about 10
inches of growth. Central Oregon traditionally experiences relatively light aphid pressure in
local potato fields. In both 1996 and 1997, most of the aphids were noted during the first four
weeks of the collection period (July) and during the last two weeks of the collection period
(September). Aphid numbers were very low during the heat of the season in August.

Wingless aphids colonize on the potato plants and may be the best indicator of systemic
insecticide efficacy. Wingless aphid numbers are summarized in Table 1 and Table 2 for 1996
and 1997, respectively. Wingless aphids were observed in the untreated check each week during
the 1996 and 1997 growing seasons. In 1996, a few wingless aphids were observed in the plots
treated with Admire at planting during the first three weeks of collection. Apparently, the
Admire was not present in the plants in sufficient quantity to prevent wingless aphids from
feeding and colonizing the plants at this time. This effect was not observed during the 1997
growing season. In fact, all the plots treated with Admire provided wingless aphid control until
128 days after planting. Overall, plots treated with Temik at planting followed by Admire at
hilling provided best control of wingless aphids. Temik alone controlled wingless aphids one to
two weeks less than Admire applied at planting.

The numbers of winged aphids collected during 1996 and 1997 are summarized in Tables 3-8.
Total winged aphid numbers were low during the middle part of the growing season (August).
Very few green peach aphids were collected during the middle part of the growing season, but a
few were observed early and greater numbers were collected late in the growing season each
year of the study. The greatest number of aphids other than green peach aphids were collected
during the first part of the collection period and were likely grain aphids leaving nearby maturing
wheat fields.
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In general, the greatest number of winged aphids were observed in the check treatment and the
Admire applied at hilling treatment during the early part of the season. Numbers of winged
aphids did not vary to any apparent degree among the treatments during the middle and later part
of the growing season. In a preliminary study conducted in 1995, fewer wingless aphids were
observed in Temik treated plots than Admire treated plots during the early and late parts of the
growing season (James and Reed, 1996). In the 1996 and 1997 studies, this trend was somewhat
variable each week. However, the yearly summary tables (Table 9 and Table 10) indicate that
fewer winged aphids were collected from the Temik (14 and 20 lbs./a) treatments than other
treatments during the entire course of the growing season. It is possible that this observation is
due to a difference between Temik and Admire in the time required to kill the aphids.
Apparently, Temik kills aphids relatively rapidly after probing a treated leaf. Admire, on the
other hand, is perhaps slower in killing aphids after probing. Press releases by Miles, Inc.,
indicated that aphids may continue to live for 96 hours after ingesting the insecticide. The
aphids are rendered inactive immediately but remain on the plants for a longer period of time and
thus would be collected in beating cloth samples (May and Barton, 1994). Another possible
explanation is that winged aphids could be repelled from Temik treated plots. Further research is
needed to explore the exact cause.

Yields and specific gravities for all treatments are shown in Tables 11 and 12. In 1996, the yield
of No. 1 grade potatoes was reduced by all insecticide treatments as compared with the untreated
check. No total yield differences were observed among all of the treatments. Apparently, for
some reason, the insecticide treatments produced more cull potatoes. Also, it was observed that
the vines of the three Temik treatments remained green longer (maturity delayed) than all other
treatments. The lowest yield of No. 1 grade potatoes was observed in the Temik treated plots.
No yield or specific gravity differences among the treatments were observed in the 1997 study.

Table 1. Number of wingless aphids collected by beating cloth, Madras, OR, 1996. 
Days After Planting

Treatment	 56 63 70 77 84 91	 98 105	 112 119 126 
	 number of aphids	

Admire 18.9 oz/a	 0	 2	 5	 0	 0	 '0	 0	 0	 0	 1	 0
Admire 16.0 oz/a	 0	 3	 4	 0	 0	 0	 0	 0	 0	 1	 0
Admire 13.1 oz/a	 1	 4	 2	 1	 0	 0	 0	 0	 0	 1	 1
Temik 14 lb/a	 1	 0	 0	 1	 0	 0	 0	 0	 1	 1	 6
Temik 20 lb/a	 0	 1	 0	 0	 0	 0	 0	 1	 1	 1	 3
Temik + Admire'	 0 0 0 0 0 0	 0	 0	 0	 0	 0
Di-Syston + Admire2	0	 1	 2	 0	 0	 0	 0	 0	 0	 1	 0
Admire 18.9 at Hilling 	 2	 1	 2	 0	 1	 0	 0	 0	 0	 0	 1
Untreated Check	 8 36 34	 6	 5	 1	 2	 5	 7	 11	 15

LSD (P�0.05)	 3 13 10	 3	 3	 1	 1	 3	 NS	 4 NS
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
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Table 2. Number of wingless aphids collected by beating cloth, Madras, OR, 1997.
Days After Planting

	

51	 58 65 72 79 86 93 100 107	 114 121 128
	 number of aphids 	

	

0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0

	

0	 0	 0	 1	 0	 0	 0	 0	 0	 0	 1

	

0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0

	

1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 3

	

1	 0	 0	 0	 0	 0	 0	 0	 0	 0	 8

	

0	 0	 0	 0	 0	 0	 0	 0	 0	 1	 0

	

3	 3	 1	 2	 0	 0	 0	 0	 0	 1	 0

	

3	 4	 8	 1	 0	 0	 0	 0	 0	 0	 1

	

5	 10 19 18	 1	 1

Treatment

Admire 18.9 oz/a
Admire 16.0 oz/a
Admire 13.1 oz/a
Temik 14 lb/a
Temik 20 lb/a
Temik + Admire'
Di-Syston + Admire2
Admire 18.9 at Hilling
Untreated Check

3
2
2

11
2
0
1
1

3	 4	 6	 16	 15

LSD (P�0.05)	 3	 4	 3	 3	 1	 1	 1
iTemik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

1	 2	 2	 7 

Table 3. Number of winged aphids collected by beating cloth, Madras, OR, 1996.
Days After Planting

Treatment
	

56 63 70 77 84 91	 98 105	 112 119 126
	 number of aphids 	

Admire 18.9 oz/a
Admire 16.0 oz/a
Admire 13.1 oz/a
Temik 14 lb/s
Tern.;k zu lb/a
Temik + Admire'
Di-Syston + Admire2
Admire 18.9 at Hilling
Untreated Check

3	 4
2	 2
2	 4
2	 2
3	 2
1	 3
3	 5
3	 4
8	 6

7
7
4
2
2
5
4
6
5

1
0
1
0
1
1
0
0
1

1
0
1
1
2
2
1
1
1

1

0
0
1
0
0
0
0

0
0
0
1
0
0
0
0
1

1
1
1
0
1
1
0
0

1	 3	 2
1	 4	 3
0	 3	 4
0	 3	 2
1	 3	 4
1	 4	 3
1	 3	 3
1	 2	 3
1	 2	 1

LSD (P�0.05)	 3 NS NS NS NS NS NS NS NS NS NS
Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

41



Days After Planting
51 58 65 72 79 86 93 100 
	 number of aphids 	

2	 0	 0	 0	 0	 0	 1	 4	 2
6	 0	 0	 0	 0	 0	 1	 5	 1
4	 0	 0	 0	 0	 0	 0	 5	 2
3	 0	 0	 0	 0	 0	 0	 2	 3
2	 0	 0	 0	 0	 0	 0	 3	 6
3	 0	 0	 0	 0	 0	 0	 3	 5
3	 0	 0	 0	 0	 0	 1	 3	 5
3	 0	 0	 0	 0	 0	 0	 4	 3
5	 1	 0	 0	 1	 1	 2	 4	 3

Treatment

Admire 18.9 oz/a
Admire 16.0 oz/a
Admire 13.1 oz/a
Temik 14 lb/a
Temik 20 lb/a
Temik + Admirer
Di-Syston + Admire2
Admire 18.9 at Hilling
Untreated Check

5	 1	 6
3	 2	 5
4	 3	 6
0	 2	 2
2	 3	 5
4	 2	 2
3	 3	 4
3	 6	 6
4	 5	 7

107	 114	 121 128

Table 4. Number of winged aphids collected by beating cloth, Madras, OR, 1997.

LSD (P50.05)	 NS 3 NS NS NS NS NS NS NS NS NS 3
1 Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

Table 5. Number of winged aphids (excluding green peach aphids) collected by beating cloth,
Madras, OR, 1996.
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LSD (P�.0.05)	 NS NS NS NS NS NS
1 Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

NS NS NS 1 NS 

Days After Planting
56 63 70 77 84 91	 98 105	 112 119 12‘

	 number of aphids- -----

0	 0	 0	 0	 0	 1	 0
0	 0	 0	 n	 0	 0	 1
1	 0	 0	 0	 0	 0	 0
1	 0	 0	 0	 0	 0
1	 1	 0	 0	 0	 0	 1
1	 0	 0	 0	 0	 0	 0
0 0	 0	 0	 0	 0	 0
0	 0	 0	 0	 1	 0	 1

1	 2	 2	 1	 0	 0	 1	 0	 0	 0	 0

Treatment

Admire 18.9 oz/a
Admire 16.0 oz/a
Admire 13.1 oz/a
Temik 14 lb/a
Temik 20 lb/a
Temik + Admire'
Di-Syston + Admire2
Admire 18.9 at Hilling
Untreated Check

1	 2	 1
1	 2	 3	 0
1	 3	 2	 1
1	 2	 1	 0
2	 2	 1	 1
1	 2	 3	 1
1	 2	 2	 0
2	 2	 3	 0



Table 6. Number of winged aphids (excluding green peach aphids) collected by beating cloth,
Madras, OR, 1997.

Days After Planting
Treatment
	

51 58 65 72 79 86 93 100 107 114 121 128
	 number of aphids 	

Admire 18.9 oz/a
Admire 16.0 oz/a
Admire 13.1 oz/a
Temik 14 lb/a
Temik 20 lb/a
Temik + Admirer
Di-Syston + Admire2
Admire 18.9 at Hilling
Untreated Check

5	 1	 4	 1
2	 2	 4 4
3	 3	 4	 4
0	 2	 2 2
2	 3	 4	 1
4	 2	 2 2
3	 1	 2	 3
2	 4	 3	 3
3	 4	 3	 3

0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
1

1
1
0
0
0
0
1
0
0

0
0
1
0
0
0
1
1
0

1
1
1
1
1
1
2
1
0

LSD (/).�0.05)	 NS NS NS NS NS NS NS NS NS NS NS NS
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at billing.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at billing.

Table 7. Number of winged green peach aphids collected by beating cloth, Madras, OR, 1996. 
Days After Planting

Treatment	 56 63 70 77 84 91	 98 105	 112 119 126 
	 number of aphids	

Admire 18.9 oz/a	 2	 1	 5	 1	 0	 0	 0	 0	 1	 3	 2
Admire 16.0 oz/a	 1	 1	 4	 0	 0	 1	 0	 1	 0	 4	 2
Admire 13.1 oz/a	 1	 1	 3	 0	 0	 0	 0	 0	 0	 3	 4
Temik 14 lb/a	 1	 0	 1	 0	 0	 0	 0	 1	 0	 3	 2
Temik 20 lb/a	 1	 0	 1	 0	 1	 0	 1	 0	 1	 3	 4
Temik + Admire r	0	 0 3	 0	 1	 0	 0	 0	 1	 4	 3
Di-Syston + Admire2	2	 1	 2	 0	 1	 0	 0	 1	 1	 3	 3
Admire 18.9 at Hilling 	 2	 0	 3	 0	 1	 0	 0	 0	 0	 2	 2
Untreated Check	 7	 4	 4	 0	 1	 0	 0	 0	 1	 2	 1

LSD (P�0.05)	 2 2 3 NS NS NS NS
	

NS
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at billing.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at billing.
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Table 8. Number of winged green peach aphids collected by beating cloth, Madras, OR, 1997. 
Days After Planting

51	 58 65 72 79 86 93 100 107 114 121 128
	 number of aphids	

Admire 18.9 oz/a
	

0	 1	 2	 1	 0	 0	 0	 0	 0	 0	 3	 1
Admire 16.0 oz/a
	

0	 0	 1	 2	 0	 0	 0	 0	 0	 0	 5	 1
Admire 13.1 oz/a	 1	 0	 2	 0	 0	 0	 0	 0	 0	 0	 4	 2
Temik 14 lb/a
	

0	 0	 0	 1	 0	 0	 0	 0	 0	 0	 2	 2
Temik 20 lb/a	 0	 0	 1	 0	 0	 0	 0	 0	 0	 0	 3	 4
Temik + Admire'
	

0	 1	 0	 1	 0	 0 0	 0	 0	 0	 2	 4
Di-Syston + Admire2
	

1	 2	 2	 0	 0	 0	 0	 0	 0	 0	 2	 3
Admire 18.9 at Hilling 0	 2	 3	 1	 0	 0	 0	 0	 0	 0	 3	 2
Untreated Check
	

1	 1	 4	 2	 0	 0	 0	 0	 0	 2	 4	 3

LSD (P50.05)	 NS 1	 2 1 NS NS NS NS NS	 1	 NS NS
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

Table 9. Summary of aphids collected by beating cloth, Madras, OR, 1996. 

	

Wingless	 Winged 
Treatment	 Aphids	 All	 Other	 Green Peach

	 number of aphids 	
Admire 18.9 oz/a	 8	 9	 13
Admire 16.0 oz/a	 8	 7	 14
Admire 13.1 oz/a	 8	 7	 12
Temik 14 lb/a	 9	 4	 8
Temik 20 lb/a	 7	 7	 11
Temik + Admire' 	 1	 7	 12
Di-Syston + Admire2	4	 6	 13
Admire 18.9 at Hilling	 6	 10	 10
Untreated Check	 129	 8	 20

LSD (P�0.05)	 42	 9 
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

Treatment

22
20
19
12
18
20
19
20
27
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Table 10. Summary of aphids collected by beating cloth, Madras, OR, 1997.
Wingless	 Winged

Treatment
	

Aphids	 All	 Other	 Green Peach
number of aphids

Admire 18.9 oz/a	 7	 20	 13	 8
Admire 16.0 oz/a	 6	 23	 12	 11
Admire 13.1 oz/a	 3	 24	 15	 9
Temik 14 lb/a	 14	 13	 8	 5
Temik 20 lb/a	 11	 19	 11	 8
Temik ± Admire'	 1	 20	 13	 7
Di-Syston + Admire2	10	 21	 11	 10
Admire 18.9 at Hilling	 20	 24	 14	 11
Untreated Check	 92	 31	 15	 16

LSD (P50.05)	 13	 NS	 NS
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

Table 11. Yield and specific gravity from insecticide treatments, Madras, OR, 1996. 
Total	 Yield Yield	 Yield	 Yield Specific

Treatment	 Yield No. 1 No. 2 Under 4 oz Culls Gravity 
	 cwt/acre	

Admire 18.9 oz/a	 445	 253	 17	 58	 117	 1.088
Admire 16.0 oz/a	 417	 256	 17	 54	 90	 1.085
Admire 13.1 oz/a	 417	 264	 19,	 59	 76	 1.086
Temik 14 lb/a	 375	 226	 10	 68	 71	 1.087
Temik 20 lb/a	 391	 248	 8	 65	 71	 1.085
Temik + Admire'	 418	 248	 11	 72	 89	 1.086
Di-Syston + Admire2	431	 287	 11	 58	 74	 1.085
Admire 18.9 at Hilling	 427	 269	 9	 72	 77	 1.087
Untreated Check	 420	 305	 3	 67	 46	 1.089

LSD (P�0.05)	 NS	 57	 12	 NS	 41	 NS
'Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

NS
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Table 12. Yield and specific gravity from
Total

Treatment	 Yield

insecticide treatments, Madras, OR, 1997
No. 1 No. 2 Under 4 oz Culls Specific
Yield Yield	 Yield	 Yield Gravity 
	 cwt/acre 	    

Admire 18.9 oz/a
Admire 16.0 oz/a
Admire 13.1 oz/a
Temik 14 lb/a
Temik 20 lb/a
Temik + Admirer
Di-Syston + Admire2
Admire 18.9 at Hilling
Untreated Check

594	 416	 16	 41	 120	 1.090
547	 336	 20	 53	 137	 1.085
538	 343	 24	 37	 134	 1.091
529	 354	 10	 51	 115	 1.087
498	 323	 18	 42	 115	 1.085
518	 334	 25	 46	 112	 1.088
472	 317	 9	 56	 90	 1.087
513	 329	 20	 56	 109	 1.085
459	 319	 7	 47	 86	 1.090

LSD (P�0.05)	 NS	 NS	 NS 
`Temik 20 lb/a at planting plus Admire 18.9 oz/a at hilling.
2Di-Syston 20 lb/a at planting plus Admire 18.9 oz/a at hilling.

NS	 NS	 NS 
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EVALUATION OF LAYBY HERBICIDE APPLICATIONS
ON SEED CARROTS AND PARSLEY, 1996-1997

Marvin Butler and Bruce Martens.

Abstract

Herbicides Caparol (prometryn) and Lorox (linuron) were applied both broadcast in the fall,
and at layby in the spring to seed carrots (Daucus carota) and parsley(Petroselinum crispum)
near Madras, Oregon. Efficacy data were not collected because recent cultivation of plots prior
to plot evaluations. Apparent crop stunting was observed during March before regrowth.
Temporary crop stunting appeared to increase with increased rates of Caparol, and with the
addition of Lorox. Crop stunting was not observed one month following herbicide applications
or after the second application and regrowth in the spring in early June

Introduction

Caparol (prometryn) received registration for postemergence broadleaf and grass control in seed
carrots, parsley, dill, and parsnips in Washington during 1996. To receive registration in Oregon,
data needed to be generated in central Oregon for the seed crops of interest, which are carrots,
parsley, coriander and dill. The objective of this project was to provide efficacy and
phytotoxicity data by evaluating fall broadcast and spring layby applications of Caparol alone
and in combination with Lorox (linuron) to carrots and parsley grown commercially for seed near
Madras and Culver, Oregon.

Methods and Materials

The 1996-1997 herbicide evaluations were conducted on parsley (Petroselinum crispum) with
Ron Hume north of Madras, and on carrots (Daucus carota) with Jack Ikler near Culver.
Caparol at 2 and 4 pt/a, and Caparol at 2 pt/a plus Lorox at 1 lb/a were applied twice to the same
plots. Treatments were applied on November 7, 1996, and May 9, 1997, to seed carrots, and on
November 7, 1996, and May12, 1997, to seed parsley. Herbicides were applied with a CO2
pressurized, hand-held, boom sprayer at 40 psi and 20 gal/a water. Plots 10 ft x 20 ft were
replicated three times in a randomized complete block design. Carrots were evaluated December
4, 1996, March 13 and June 5, 1997; while the parsley was evaluated December 6, 1996, March
13 and June 4, 1997. Both crops were evaluated for stunting only, because no weed pressure was
present.

Results and Discussion

Evaluation of weed control was not possible because plots had been recently cultivated at the
time of evaluations in December and May. However, efficacy data are available from previous
research in central Oregon and other locations. Crop stunting was not observed in December
after fall or in June following spring applications. However, stunting was observed for both
carrots and parsley during the March evaluation. Presumably, this was due to a combination of
herbicide and winter stress factors. Caparol alone at 2 pt/a produced no stunting on carrots and
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only slight stunting on parsley. Increased stunting was observed on both crops following
application of Caparol at 4 pt/a, and the combination of Caparol at 2 pt/a plus Lorox at 1 lb/a.
No stunting was observed after regrowth in the spring and the May applications to the same
plots.

Table 1. Crop stunting after Caparol applications November 7, 1996, and May 9, 1997, on seed
carrot; and November 7, 1996, and May 12, 1997, on seed parsley near Madras, OR.

Crop Stunting'

Carrots	 Parsley 
Treaments
	

Rate	 Dec 4	 Mar 13	 Jun 5	 Dec 4	 Mar 13	 Jun 4
(product/a)	 	 (%) 	

1 Caparol	 2 pt	 0	 0	 0	 0	 13	 0
2 Caparol	 4 pt	 0	 13	 0	 0	 20	 0
3 Caparol	 2 pt

+Lorox	 1 lb	 0	 22	 0	 0	 43	 0
4 Untreated	 0	 0	 0	 0	 0	 0

'Visual evaluation for percent crop stunting.
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EVALUATION OF SIMULATED HAIL DAMAGE TO
SEED CARROTS AND ONIONS IN CENTRAL OREGON, 1996

Marvin Butler and Fred J. Crowe

Abstract

Research was conducted on commercial grown seed carrots and onions in central
Oregon to determine the effect of simulated hail damage at 33% and 67% over two dates
(beginning and end of pollination). There were no statistically significant differences
between treatments. However, the trend was for the untreated plots to produce the largest
yields and the late, heavy damage to produce the smallest yields. No difference in seed
germination was observed between treatments.

Introduction

Vegetable seed production is an integral part of agriculture in central Oregon. Crops for
the 1997 season included 2,500 acres of both carrots and garlic, 400 acres of onions, 200
acres of radishes, 450 acres of coriander, and 200 acres of both Chinese kale and flowers
for a total acreage near 6,000. These high-value crops are the backbone of profitable
production in the area.

Carrots are predominantly hybrid varieties grown in a single row per bed, with typically 4
rows of females and 2 rows of males with blank rows between. The primary (king) umbel
is the first to develop, followed by the secondary umbels, and then the tertiary umbels.
The primary umbel typically has the largest, most vigorous seed and accounts for 8-12%
of production. Many carrot varieties continue to produce additional heads throughout the
growing season.

Onions are largely hybrid varieties grown in double rows per bed, generally in a 6 row
female, 2 row male configuration with a blank row between. Seed heads are generally 2-3
inches in diameter, and the plant has no way of compensating for damaged or destroyed
heads by producing additional heads.

Methods and Materials

This is the first year of a multiple-year evaluation on the effect of simulated hail damage
on seed carrots and onions. The study was conducted in commercial fields using the male
rows of hybrid seed production. Plots were a single bed (1 row of carrots, 2 rows of
onions) 15 feet in length, replicated 3 times in a randomized complete block design.
Variables evaluated included timing and amount of damage. Treatments, applied with a
weed eater held on edge to simulated hail damage from above, were applied July 13 and
August 19, 1996 just prior to, and following, the introduction and removal of bees for
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crop pollination. The five treatments included an untreated check, early light damage
(33%), early heavy damage (67%), late light damage (33%), and late heavy damage
(67%).

Plots were harvested on August 27 for the onions and September 17 for the carrots, just
prior to commercial harvest. Mature heads in each plot were harvested by hand and
allowed to dry in open containers. Samples were then cleaned using a rubbing board,
appropriate-sized screens, and an air colunm to remove debris. The carrots were re-
cleaned three times to progressively narrow the quality of the product. Seed was then
tested for germination using 100 seeds per sample, placed in a growth chamber. Counts
were taken weekly over a 4-week period.

Results and Discussion

The effect of the treatments on seed set for both onions and carrots is provided in Table 1.
Onion seed production was reduced by 14% and 32% with one third and two thirds of the
heads destroyed at the beginning of pollination. At the end of pollination one third and
two thirds damage reduced seed yield by 42% and 50% compared to the undamaged
plots. It would appear that onions are able to compensate for early damage, perhaps
through increasing the size of remaining seed.

Carrot seed yields were not reduced with one third of the heads damaged at the beginning
of pollination, but were reduced by 12% when two-thirds of the heads were destroyed.
One third and two thirds damage following pollination reduced seed yield by 14% and
42%. The early damage had less influence on yield than later damage, as the plant was
able to recover by producing additional umbels.

The amount of carrot seed from primary, secondary and tertiary umbels is shown in Table
2. Thirty-eight percent of seed yield is set by the primary umbels, while 50% came from
the secondary umbels, and 12% from the tertiary umbels. If the stage of development is
known when hail damage occurs, knowing the percentage of total yield contributed by
each umbel level can provide an additional indicator of the amount of yield loss one would
expect.
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Table 1. Effect of 33 and 67% simulated hail damage applied with a weed eater July 13
and August 19 on seed onions near Madras, OR, 1996. 
Treatment	 Seed weight	 Germination 

(grams)	 (percent)

Untreated	 56 a1	98
Early late	 46 a	 97
Early heavy	 25 b	 97
Late light	 44 a	 96
Late heavy	 41 a	 94

NS2
1 Treatments followed by the same letter are not statistically different from one another
2NS: no statistical difference between treatments with Student-Newman-Keuls Test at P
0.05.

Table 2. Effect of 33 and 67% simulated hail damage applied with a weed eater July 13
and August 19 on seed carrots near Madras, OR, 1996. 

Seed Weight 
Treatment	 1s` clean	 2nd clean	 3rd clean

	 (g) 	  

4th clean	 Germination

(%)

Untreated	 258	 96	 69	 57	 78
Early light	 163	 55	 38	 32	 77
Early heavy	 171	 57	 46	 38	 86
Late light	 223	 71	 54	 44	 78
Late heavy	 119	 31	 23	 19	 84

NS 1	NS	 NS	 NS	 NS 

1NS: no statistical difference between treatments with Student-Newman-Keuls Test at P �
0.05.
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EVALUATION OF TEMIK FOR LYGUS CONTROL ON SEED CARROTS, 1997

Marvin Butler, Bruce Martens, and Les Gilmore

Abstract

Temik (alicarb) side-dressed at 12 lb/a to seed carrots (Daucus carota) was evaluated for
interruption of honey bee activity, control of lygus (Lygus hespens) nymphs and adults,
and the beneficial predators, big-eyed bug and damsel bug. No effect was observed on
bee visits to carrot umbels. The number of lygus collected during sweeps was reduced,
but Temik appeared to have less, and more sporatic effect on beneficial insects

Introduction

Carrots (Daucus carota) grown for seed require an extremely high level of best
management practices to produce the seed quality that the fresh market industry
demands. Seed production is accomplished by placing colonies of honey bees in the field
to actively transfer the pollen from the pollinator line to the seed parent line which then
becomes hybrid seed. Healthy uninhibited bee activity is crucial to accomplishing this
task. Once pollination has occurred and seed development is taking place, protecting the
seed from harmful insects in essential.

Lygus (Lygus hespens) are considered a major insect pest on seed carrots grown in central
Oregon. Their piercing/sucking mouthparts are used to feed on developing seed,
reducing seed quality and viability. Capture (bifenthrin) and Lorsban (chlorpyrifos) are
currently registered for use prior to pollination, and Orthene (acephate) can be used after
the bees are removed for late season clean up. Because there are no long term crop
protectants available for use on this crop during the pollination period, Temik is being
tested on seed carrots in central Oregon.

This growing area, with the right climate and dependable seed growers, has a record of
producing approximately 80 percent of the hybrid carrot seed for domestic fresh and
processing industry.

Methods and Materials

The trial was conducted in a commercial field near Culver, Oregon. Temik (aldicarb)
was applied at 12 lb/a to 110 ft by 900 ft plots replicated 3 times. Untreated plots 12 ft by
900 ft were placed between plots treated with Temik. The insecticide was side-dressed 2
inches deep next to the carrot rows at bolting, approximately .6 weeks before pollinators
were introduced into the field.

Bee visits were determined by making two counts per observation date of the number of
bees per minute landing on umbels in 10 ft by 4 ft subplots per plot. Observations were
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made over 5 dates from July 28 to August 11. Counts of lygus adults and nymphs were
made from 10 sweeps for each of 12 sub-samples per plot using a 15 inch sweep net.
Samples were taken over 10 observation dates from June 19 to August 16. Big-eyed bugs
and damsels which are beneficial predators of lygus nymphs were counted from the same
sweeps as the lygus.

Results

The number of bee visits to carrot umbels does not appear to be affected by application of
Temik (Table 1). Plots treated with Temik had significantly lower numbers of lygus, with
an average reduction of 57% for adults and 56% for nymphs over the observation period
(Table 2). Temik treatments appeared to have less, if any, effect on beneficial predators.
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Table 1. Effect of Temik application on bee visitation to seed carrot umbels, 1997, near
Culver, OR.

Bee Visits per Minute
Treatments	 Sample Date

7-28	 8-1	 8-4	 8-8	 8-11

Temik	 62.6	 45.2	 50.4 35.8 31.8
Untreated	 72.8	 15.5	 58.2 41.4 26.0

Table 2. Effect of Temik application on numbers of lygus and beneficial predators in seed
carrots, 1997,near Culver, OR..

Insect
Insect Number per 10 Sweeps

Sample Date
6-19 6-26 7-7 7-10 7-17 7-28 8-2 8-8 8-16

Lygus-adults
Temik 0.8 0.4 1.9 1.6 1.6 b 2.9 3.6 2.4 3.8
Untreated 0.9 2.2 3.8 3.6 4.6 a 3.3 8.3 10.2 5.7

Lygus-nymphs
Temik 0.8 b 0.6 b 0.4 0.6 0.8 2.2 1.9 b 0.7 4.8
Untreated 1.8 a 1.8 a 1.7 1.3 2.9 2.7 6.8 a 2.3 5.4

Big Eyed Bug
Temik 0.3 0.03 b 0.3 0.2 0.6 1.0 1.1 0.2 0
Untreated 0.6 0.3 a 0.9 0.1 0.6 1.3 1.2 0.1 0.6

Damsel
Temik 0.5 1.0 1.2 0.5 0.8 0.4 0.3 0.2 0.3
Untreated 0.1 2.0 1.7 1.8 0.6 0.3 0.7 0.3 0.7

n.s n.s. n.s. n.s. n.s.
Means in the same column with different letters are significantly different at P< 0.05.
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EVALUATION OF INSECTICIDES/NEMATOCIDES ON SEED CARROTS IN
CENTRAL OREGON, 1996-97

Marvin Butler, Les Gilmore and Bruce Martens

Abstract

Insecticides/nematocides Temik (alicarb), Mocap (ethprop), Vydate (oxamyl), and
Furadan (carbofuran) were evaluated for control of root lesion nematodes (Pratylenchus)
in seed carrots (Daucus carota) in central Oregon. Temik was applied with commercial
equipment, while the other materials were applied with a hand-held, boom sprayer and
incorporated with sprinkler irrigation. Temik provided the best control, followed by
Vydate with somewhat less control. Mocap caused significant crop injury, while
Furadan was not effective.

Introduction

Seed carrots (Daucus carota)are an integral crop in the agricultural mosaic of the Madras,
OR, area. The importance of nematodes in carrot seed production and the need for
control measures are issues of interest to the vegetable seed industry. During the 1996-
1997 season, insecticide/nematocide evaluations were conducted at two locations to
determine their effectiveness against root lesion nematodes (Pratylenchus) and possible
crop injury.

Methods and Materials

Evaluations were conducted at two locations, Agency Farms on the Agency Plains,
Madras, and K & S Farms in the Mud Springs area. Insecticides/nematocides evaluated
included Temik (aldicarb), Mocap (ethoprop), Vydate (oxamyl), and Furadan
(carbofuran). Replicated plots 10 ft X 50 ft were established using commercial
equipment for application of Temik at 20 lb/a. A 9-foot CO 2-pressurized, hand-held,
boom sprayer was used for application of Mocap at 1 gal/a, Vydate at 4 gal/a, and
Furadan at 0.5 gal/a. Materials were applied August 28 on the Agency Plains and August
30, 1996, at Mud Springs. Both locations were pre-irrigated with 1.5 inches of water,
followed by another 1.5 inches of sprinkler-applied water immediately after application
of insecticides/nematocides.

Nematode samples were taken August 23 before insecticide/nematocide application and
September 23. Visual ratings of percentage of crop injury were conducted, on November
22 at Mud Springs and on December 11 on Agency Plains.

Results and Discussion

Nematode numbers in untreated plots increased dramatically at both locations between
August 28 and September 23, with an increase of 350% on the Agency Plains and 280%
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in Mud Springs. Mocap produced 20-30% crop injury, while Furadan did not appear to
be effective against nematodes. Temik provided 78% control on Agency Plains and 35%
control at Mud Springs, while Vydate provided 68% control on Agency Plains but
nematode numbers increased by 104% at Mud Springs.

Table 1. Crop injury to carrots after treatment on August 28, 1996, at Agency Farms and
September 2, 1996, at K & S Farms.

Treatment'	 Rate
(product/a)

Nematode Count
Agency Farms	 K&S Farms

Aug 28 Sept 23 Aug 28 Sep 23
--(nematode/gram fresh root tissue)--

Crop Injury2 
Agency K & S
Farms Farms

Temik
Mocap
Vydate
Furadan
Untreated

201b	 6580	 1440	 2730	 1760	 0	 0
1 gal	 8720	 5250	 2680	 8644	 30	 20
4 gal	 1770	 570	 4500	 4700	 0	 0
V2  gal	 1290	 2932	 5370	 6500	 0

	
0

1480	 5150	 5680	 16200	 0

'Treatments were applied August 28, 1996, at Agency Farms and September 2, 1996 at K
& S Farms.
2Visual evaluations were conducted November 22, 1996, at K & S Farms and December
11, 1996, at Agency Farms.
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EVALUATION OF DUAL AND TREFLAN
PREEMERGENCE HERBICIDES ON SEED RADISH, 1997

Marvin Butler and Brad Holliday

Abstract

Herbicides Dual (metolachlor) and Treflan (trifluralin) were applied pre-plant, preemergence to
seed radish (Rhaphanus sativus) near Madras, Oregon. Dual at 1.5 pt/a provided 90% of hairy
nightshade, while Dual at 1 pt/a plus Treflan at 1 pt/a provided 65% control. Dual also
provided partial control of common lambsquarters at 35 to 40%. Stunting in the range of 5 to
10% was observed with the Dual plus Treflan combination.

Introduction

Treflan (trifluralin) applied pre-plant, preemergence has historically been used for weed control
in seed radish (Rhaphanus sativus) in central Oregon. A Special Local Need 24(c) Registrations
was received in 1995 for use of Dual (metolachlor) on seed radish, to provide increased control
of hairy nightshade. This is the second year of evaluation under central Oregon conditions for
Dual and Treflan (trifluralin), applied alone and in combination. There was concern following
widespread industry use of Dual and Treflan applied in combination during 1995, that there may
have been some resulting crop injury and reduction in yield.

Methods and Materials

The 1997 herbicide evaluation was conducted with Don Boyle, grower-cooperator, on a
commercial field of seed radish north of Madras, Oregon. Preemergence applications of Dual at
1.5 pt/a, Dual at 1.0 pt/a plus Treflan at 1.0 pt/a and Treflan at 1.5 pt/a were made April 15, 1997
with a CO2 pressurized, hand-held boom sprayer at 40 psi and 20 gal/a water. Plots 20 ft x 30 ft
were replicated three times in a randomized complete block design. Preemergence herbicides
were mechanically incorporated into the top 2 to 3 inches of soil with a commercial discing
operation shortly after application. Treatments were evaluated May 22 for control common
groundsel, hairy nightshade, common purslane, and common lambsquarters. Reduction in stand
and crop injury were rated visually.

Results and Discussion

Dual at 1.5 pt/a provided 90% control of hairy nightshade, while a combination of Dual at 1 pt/a
and Treflan at 1 pt/a provided 65% control, and Treflan alone provided no control (Table 1).
Dual also provided partial control of common lambsquarters at 35 to 40%. The combination of
Dual and Treflan provided the best, but inadequate, control of common groundsel at 60%.
While not listed in Table 1, Treflan appeared to provide good control of common purslane. Crop
stunting of 5 to 10% was observed with the Dual plus Treflan treatment.
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Table 1. Effect of preplant, preemergence herbicide applications April 15, 1997 on commercial
seed radish at Boyle Farms near Madras, Oregon. 

Weed Control'

Common	 Hairy	 Common
Treatments2	Rate	 Groundsel	 Nightshade	 Lambsquarter

(product/a)	 	 (%)	

1 Dual	 1.5 pt	 25 a3	90 b	 35 a
2 Dual	 1.0 pt

+Treflan	 1.0 pt	 60 a	 65 b	 40 a
3 Treflan	 1.5 pt	 23 a	 0 a	 0 a
4 Untreated	 0 a	 0 a	 0 a

'Visual evaluation was conducted May 22, 1997.
2Treatments applied April 15, 1997.
3Mean separation with Student-Newman-Keuls (P<0.05).
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EVALUATION OF RAMROD, LASSO, AND PROWL
HERBICIDES ON SEED RADISH, 1997

Marvin D. Butler and Brad Holliday

Abstract

Herbicides Ramrod (propachlor), and Lasso (alachlor) were applied postplant, preemergence;
Prowl (pendimethalin) was applied postplant, preemergence and postemergence for weed
control in seed radish (Rhaphanus sativus) in central Oregon. Ramrod provided the best results
with 100 percent control of redroot pigweed and Jim Hill mustard, and 75% control of hairy
nightshade. Lasso controlled 100% of redroot pigweed, but inadequate control of Jim Hill
mustard Prowl applied postplant, preemergence generally provided better weed control than
when applied postemergence, which resulted in 57% crop stunting.

Introduction

The quest continues for new materials to use on seed radish that are effective on spring-
germinating weeds in central Oregon. Herbicides that appear promising will be pursued for a
possible Special Local Need 24(c) Registration.

During 1996, Ramrod (propachlor), Lasso (alachlor), and Prowl (pendimthalin) were applied
postemergence to seed radish (Rhaphanus sativus) and onions (Allium cepa). Prowl provided 99
to 100% control of common lambsquarters and redroot pigweed. Lasso controlled redroot
pigweed at 98% and grass species at 96%. The best control Ramrod provided was on redroot
pigweed at 90%.

Methods and Materials

The 1997 herbicide evaluation was conducted with Bob Crocker, grower-cooperator, on a
commercial field of seed radish north of Madras, Oregon. Postplant, preemergence applications
of Ramrod at 5.0 qt/a, Lasso at 2.5 pt/a and Prowl at 2.0 pt/a were made April 23,1997 and
postemergence application of Prowl at 2 pt/a was made May 9, 1997. Treatments were applied
with a CO2 pressurized, hand-held boom sprayer at 40 psi and 20 gal/a water. Plots 10 ft x 20 ft
were replicated three times in a randomized complete block design. Preemergence herbicides
were incorporated by sprinkler irrigation shortly after application. Treatments were evaluated
June 2 for control of redroot pigweed, hairy nightshade, and Jim Hill mustard. Reduction in
stand and crop injury were rated visually.

Results and Discussion

Ramrod provided the best overall results with 100% control of redroot pigweed and Jim Hill
mustard, and 75% control of hairy nightshade. Lasso controlled 100% of redroot pigweed, but
only 67% control of Jim Hill mustard. Prowl applied postplant, preemergence provided better
control of redroot pigweed (93 to 33%) but slightly less control of hairy nightshade (63 to 70%)
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and Jim Hill mustard (83 to 100%) than Prowl applied postemergence. Prowl applied
postemergence resulted in 57% crop stunting, while post-plant, preemergence applications did
not produce any visible stunting.

Table 1. Effect of herbicides applied postplant, preemergence April 23 and postemergence May
9, 1997, on commercial seed radish at Bob Crocker Farms near Madras, OR.    

Weed Control' 
Hairy	 Jim Hill

Nightshade	 Mustard	 StuntingTreatments2
Redroot

Rate	 Pigweed
(product/a)      (%)            

Ramrod (preemergence)
Lasso (preemergence)
Prowl (preemergence)
Prowl (postemergence)
Untreated

5.0 qt	 100 a3

2.5 qt	 100 a
2.0 pt	 93 a
2.0 pt	 33 ab

0 b

75 a
12 ab
63 a
70 a
0 b

100 a
67 a
83 a

100 a
0 b

0 b
0 b
0 b

57 a
0 b

'Visual evaluation was conducted June 2, 1997.
2Treatments applied preemergence April 23 and postemergence May 9, 1997.
3Mean separation with Student-Newman-Keuls P<0.05.
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1997 EVALUATION OF SUGAR BEET VARIETIES IN CENTRAL OREGON

Marvin Butler

Abstract

Evaluation of sugar beet varieties in central Oregon was conducted in commercial fields near
Culver and Prineville. Sub-samples of seed for the twenty-seven varieties were sent to the Beet
Sugar Development Foundation to be evaluated for curly top resistance. The 3-row X 22 ft plots
were rated for stand establishment prior to plants being hand-thinned to 7 inches apart on May
13 in Culver and May 22 at Prineville. A single row per plot was harvested at both locations on
October 6, and samples evaluated by Spreckles Sugar for weight, percent sugar, and ppm
nitrate. The 1997 year performance and the average performance over multiple years are
provided.

Introduction

The Seed Evaluation Committee of the Central Oregon Beet Growers Association determines
what varieties may be grown in central Oregon based on yield, sugar, and resistance to beet curly
top virus. The objective of this project was to evaluate performance of sugar beet varieties in
both the Prineville and Culver areas. This information, along with local large plot and field data,
will assist growers in their decision concerning variety selection.

Methods and Materials

Twenty-seven varieties submitted by five sugar beet seed companies were planted in commercial
fields near Culver on April 11 and near Prineville on April 17, with replanting May 2 at Prineville
following freeze damage. An Earthway push planter was used for the 3-row x 22-ft plots
replicated four times in a randomized complete block design. Subsamples of seed from each
variety were sent to the Beet Sugar Development Foundation at Kimberly, Idaho to be evaluated
for curly top resistance.

Plots were evaluated for stand establishment using a rating scale of 1 (poor) to 5 (excellent) on
May 13 at Culver and on May 22 at Prineville. Both trials were hand-thinned to 7 inches between
plants, with several subsequent passes through the fields to remove any remaining doubles, late
germinating seed, and weeds. The middle row of the three-row plots was harvested October 6 at
both locations. Spreckles Sugar evaluated samples for weight, percent sugar, and ppm nitrate.
To determine possible change in percent sugar following the initial harvest, varieties approved for
1997 were re-sampled at both locations on October 16 and at the Prineville location again on
October 28.

Results and Discussion

Results of the Prineville location are provided in Table 1 and the Culver location in Table 2.
Although some varieties were rated low on stand establishment, after thinning to 7 inches between
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plants varieties generally had equal, full stands. As a result, germination ratings did not influence
yield, sugar, or total sugar per acre. These evaluations should be used to compare differences
between variety performance within the same trial where they were grown under the same
conditions, rather than making a direct comparison with other field harvest data.

The Seed Evaluation Committee of the Central Oregon Beet Growers Association has established
a list of approved varieties for the 1998 season. In addition, a three-year average of variety
performance in university trials is available, along with variety performance in central Oregon
commercial fields, which has been summarized by Gordon Fellows of Spreckels Sugar. This
information should be consulted in addition to these evaluations, before variety choices for the
coming season.
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Table 1. Evaluation of sugar beet varieties replanted in a commercial field near Prineville, OR May 2 and harvested October 6, 1997.

Variety (Company)
Stand
Rating Yield

Sugar
Oct 6

Sugar
Oct 16

Sugar
Oct 28

Total
Sugar Nitrate Curly Top

(1-5) (ton/a) (%) (%) (%) (lb/a) (ppm) (% of standard)

5CG7010 (Betaseed) 2.0 37.40 16.8 12,528 52.5 128

H943226 (Spreckels) 3.3 35.52 17.1 12,138 36.3 113

Beta 8348 (5CG7004) (Betaseed) 2.0 35.34 16.9 11,911 38.8 135

96HX405 (Spreckels) 4.3 33.73 17.3 11,689 55.0 110

Crystal 9623 (Am. Crystal) 2.5 32.52 17.8 11,594 30.0 103

HM Bighorn (Hilleshog) 3.0 34.85 16.4 11,448 51.3 125

HHSO (Spreckels) 4.0 32.25 17.5 17.4 17.0 11,260 38.8 138

Beta 8256 (Betaseed) 3.8 32.93 17.0 19.1 17.8 11,221 46.3 118

H95678 (Spreckels) 3.0 34.65 16.1 11,131 47.5 98

Chinook (Seedex) 3.0 32.87 16.9 17.2 17.0 11,126 43.8 100

Beta 4885 (Betaseed) 3.8 32.31 17.2 17.9 17.3 11,115 53.8 135

0.
u.)

Ranger (Seedex)
Crystal 9706 (Am. Crystal)

3.5
3.8

32.60
31.06

17.0
17.8

19.1 17.0 11,086
11,066

35.8
36.3

108
133

Beta 8450 (Betaseed) 3.3 32.00 17.3 16.9 17.4 11,057 35.0 108

H943222 (Spreckels) 3.0 32.42 16.7 10,845 46.3 115

HM Oasis (Hilleshog) 3.8 30.80 17.5 11,765 37.5 100

Crystal 203 (Am. Crystal) 4.3 31.12 17.2 20.0 17.2 10,699 37.5 98

SS-T1 (Spreckels) 3.8 30.54 17.5 10,690 40.0 113

HM PM21 (Hilleshog) 3.5 31.66 16.7 10,565 48.8 108

Beta 8757 (4CG6245) (Betaseed) 2.3 32.22 16.4 10,562 46.3 110

Crystal 211 (Am. Crystal) 4.0 30.20 17.3 18.9 17.7 10,470 27.5 123

Beta 8778 (3BG6360) (Betaseed) 1.3 30.37 17.2 10,424 53.8 125

HM WS62 (Hilleshog) 3.3 30.64 16.9 18.7 17.1 10,364 53.8 85

Beat 8422 (Betaseed) 2.5 30.12 16.9 17.1 17.5 10,151 63.8 110

SX 1404 (Seedex) 2.3 30.90 16.2 10,035 65.0 108

H92508 (Spreckels) 4.0 29.45 16.8 9,867 50.0 123

HM Canyon (Hilleshog) 2.5 28.97 16.6 22.3 17.1 9,632 51.3 88

Average for 1997 approved varieties 17.1 18.6 17.3



Table 2. Evaluation of sugar beet varieties planted in a commercial field near Culver, OR April 11 and harvested October 6, 1997. 

Variety (Company)
Stand
Rating Yield

Sugar
Oct 6

Sugar
Oct 16

Total
Sugar Nitrate Curly Top

(1-5) (ton/a) (%) (%) (lb/a) (ppm) (% of Standard)

5CG7010 (Betaseed) 2.0 42.8 17.4 14,898 18.8 128
Beta 8757 (4CG6245) (Betaseed) 2.3 41.9 17.8 14,886 13.5 110
Beta 8348 (5CG7004) (Betaseed) 1.8 40.2 18.0 14,497 18.8 135
11943222 (Spreckels) 2.5 39.7 18.1 14,399 12.8 115
HM Canyon (Hilleshog) 3.5 39.2 18.0 20.6 14,103 12.7 88
9611X405 (Spreckels) 4.5 37.2 19.0 14,094 15.9 110
Crystal 9623 (Am. Crystal) 2.8 38.9 18.0 14,043 16.3 103
HM Bighorn (Hilleshog) 3.3 38.6 17.9 13,857 12.8 125
HM WS62 (Hilleshog) 3.5 39.4 17.6 18.4 13,832 16.3 85
Beta 8422 (Betaseed) 2.8 37.6 18.2 19.5 13,682 13.4 110
Beta 8450 (Betaseed) 3.5 37.1 18.4 20.3 13,641 12.4 108

cy..p-
Beta 8256 (Betaseed)
Chinook (Seedex)

2.5
3.0

36.2
37.6

18.7
17.8

18.6
18.7

13,521
13,413

15.3
14.3

118
100

Beta 8778 (3BG6360) (Betaseed) 1.0 36.3 18.5 13,403 15.8 125
H943226 (Spreckels) 2.5 37.8 17.7 13,345 15.0 113
HM Oasis (Hilleshog) 3.8 36.9 18.0 13,242 10.8 100
HM PM21 (Hilleshog) 3.5 35.1 18.8 13,222 9.5 108
Crystal 203 (Am. Crystal) 4.5 37.3 17.7 19.2 13,198 16.0 98
Ranger (Seedex) 3.3 35.5 18.1 19.2 12,887 7.8 108
Crystal 9706 (Am. Crystal) 4.0 34.4 18.5 12,694 11.9 133
HI450 (Spreckels) 3.8 34.3 18.4 20.1 12,643 12.1 138
SS-T1 (Spreckels) 3.3 33.4 18.9 12,605 9.4 113
H95678 (Spreckels) 2.8 34.1 17.8 12,151 15.0 98
Crystal 211 (Am. Crystal) 4.0 32.5 18.5 19.7 12,029 11.9 123
Beta 4885 (Betaseed) 3.3 32.1 18.7 21.7 11,976 14.9 135
H92508 (Spreckels) 2.5 31.7 18.7 11,856 13.8 123
SX1404 (Seedex) 2.0 32.7 17.5 11,476 16.3 108

Average for 1997 approved varieties 18.2 19.6



Table 3. Summary of performance for sugar beet varieties approved for 1998 production.

Variety
Seed

Company Year Yield Sugar
Total
Sugar'

Curly Top
Resistance

(tons/a) (percent) (lb/a) (% of USH-11)

Beta 8256 Betaseed Average 33.7 17.8 12,001 120
1997 34.6 17.8 12,371 118
1996 32.7 17.8 11,631 139
19952 103

Beta 8450 Betaseed Average 34.2 17.6 11,998 112
1997 34.6 17.8 12,349 108
1996 33.7 17.3 11,646 117
19952 111

WS 62 Hilleshog Mono Hy Average 34.6 17.1 11,856 90
1997 35.0 17.2 12,098 85
1996 34.2 17.0 11,614 93
19952 92

Chinook Seedex Average 34.3 17.2 11,774 110
1997 35.3 17.4 12,269 100
1996 33.2 17.0 11,278 117
19952 114

Ranger Seedex Average 33.7 17.5 11,732 107
1997 34.1 17.6 11,987 108
1996 33.2 17.3 11,477 113
19952 99

Crystal 203 American Crystal Average 33.7 17.3 11,679 115
1997 34.2 17.4 11,948 98
1996 33.2 17.2 11,410 130
19952 116

Beta 8422 Betaseed Average 32.8 17.7 11,566 112
1997 33.9 17.6 11,916 110
1996 31.7 17.7 11,215 107
1995 2 119

Canyon Hilleshog Mono Hy Average 33.4 17.2 11,488 90
1997 34.1 17.3 11,868 88
1996 32.7 17.0 11,108 96
19952 85

Beta 4885 Betaseed Average 31.7 17.8 11,294 125
1997 32.2 17.9 11,546 135
1996 31.2 17.7 11,041 120
19952 120
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Crystal 211 American Crystal Average 31.3 17.6 11,021 121
1997 31.4 17.9 11,249 123
1996 31.2 17.3 10,792 126
19952 114

Beta 83483 Betaseed Average 37.7 17.5 13,148 125
(5CG7004) 1997 37.8 17.5 13,204 135

1996 37.6 17.4 13,092 115
5CG70103 Betaseed Average 37.4 17.2 12,851 116

1997 40.1 17.1 13,713 128
1996 34.7 17.3 11,989 104

Beta 87573 Betaseed Average 35.4 17.4 12,286 117
(4CG6245) 1997 37.0 17.1 12,724 110

1996 33.7 17.6 11,848 124

'Varieties are listed in descending order based on total sugar/acre.
2 1995 curly top data from varieties submitted to the Sugar Beet Development Foundation from
Klamath Falls, OR.
3No sales are allowed for varieties with only one year of evaluation, limited sales may be allowed
after two years.

Table 4. Performance of sugar beet varieties approved for 1998 production in Culver, OR. 

Variety
Seed
Company Year Yield Sugar

Total
Sugar'

Curly Top
Resistance

(tons/a) (percent) (lb/a) (%of USH-11)

WS 62 Hilleshog Mono Hy Average 36.8 17.3 12,723 90
1997 39.4 17.6 13,832 85
1996 34.2 17.0 11,614 93
19952 92

Beta 8450 Betaseed Average 35.4 17.9 12,644 112
1997 37.1 18.4 13,641 108
1996 33.7 17.3 11,646 117
19952 111

Canyon Hilleshog Mono Hy Average 35.9 17.5 12,606 90
1997 39.2 18.0 14,103 88
1996 32.7 17.0 11,108 96
19952 85

Beta 8256 Betaseed Average 34.4 18.3 12,576 120
1997 36.2 18.7 13,521 118
1996 32.7 17.8 11,631 139
19952 103
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Beta 8422 Betaseed Average 34.6 18.0 12,449 112
1997 37.6 18.2 13,682 110
1996 31.7 17.7 11,215 107
19952 119

Chinook Seedex Average 35.4 17.4 12,346 110
1997 37.6 17.8 13,413 100
1996 33.2 17.0 11,278 117
19952 114

Crystal 203 American Crystal Average 35.2 17.5 12,304 115
1997 37.3 17.7 13,198 98
1996 33.2 17.2 11,410 130
19952 116

Ranger Seedex Average 34.3 17.7 12,182 107
1997 35.5 18.1 12,887 108
1996 33.2 17.3 11,477 113
19952 99

Beta 4885 Betaseed Average 31.6 18.2 11,509 125
1997 32.1 18.7 11,976 135
1996 31.2 17.7 11,041 120
19952 120

Crystal 211 American Crystal Average 31.8 17.9 11,411 121
1997 32.5 18.5 12,029 123
1996 31.2 17.3 10,792 126
19952 114

Beta 83483 Betaseed Average 38.9 17.7 13,795 125
(5CG7004) 1997 40.2 18.0 14,497 135

1996 37.6 17.4 13,092 115
5CG70103 Betaseed Average 38.7 17.4 13,444 116

1997 42.8 17.4 14,898 128
1996 34.7 17.3 11,989 104

Beta 87573 Betaseed Average 37.8 17.7 13,367 117
1997 41.9 17.8 14,886 110
1996 33.7 17.6 11,848 124

'Varieties are listed in descending order based on total sugar/acre.
2 1995 curly top data from varieties submitted to the Sugar Beet Development Foundation from
Klamath Falls, OR.
3No sales are allowed for varieties with only one year of evaluation, limited sales may be allowed
after two years. Limited sales total 400 lb.
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Table 5. Performance of sugar beet varieties approved for 1998 in Prineville, OR.

Varieties
Seed
Company Year Yield Sugar

Total
Sugar'

Curly Top
Resistance

(tons/a) (percent) (lb/a) (%of USH-11)

Beta 8256 Betaseed Average 120
1997 32.9 17.0 11,221 118
1996 139
19952 103

Chinook Seedex Average 110
1997 32.9 16.9 11,126 100
1996 117
19952 114

Beta 4885 Betaseed Average 125
1997 32.3 17.2 11,115 135
1996 120
19952 120

Ranger Seedex Average 107
1997 32.6 17.0 11,086 108
1996 113
19952 99

Beta 8450 Betaseed Average 112
1997 32.0 17.3 11,057 108
1996 117
19952 111

Crystal 203 American Crystal Average 115
1997 31.1 17.2 10,699 98
1996 130
19952 116

Crystal 211 American Crystal Average 121
1997 30.2 17.3 10,470 123
1996 126
19952 114

WS 62 Hilleshog Mono Hy Average 90
1997 30.6 16.9 10,364 85
1996 93
19952 92

Beta 8422 Betaseed Average 112
1997 30.1 16.9 10,151 110
1996 107
19952 119

Canyon Hilleshog Mono Hy Average 90
1997 29.0 16.6 9,632 88
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1996
19952

96
85

5CG70103 Betaseed Average 116
1997 37.4 16.8 12,528 128
1996 104

Beta 83483 Betaseed Average 125

1997 35.3 16.9 11,911 135
1996 115

Beta 87573 Betaseed Average 117

1997 32.2 16.4 10,562 110
1996 124

'Varieties are listed in descending order based on total sugar/acre.
2 1995 curly top data from varieties submitted to the Sugar Beet Development Foundation from
Klamath Falls, OR.
3No sales are allowed for varieties with only one year of evaluation, limited sales may be allowed
after two years. Limited sales total 400 lb.
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EVALUATION OF PREEMERGENCE AND POSTEMERGENCE
HERBICIDE APPLICATIONS ON SUGAR BEETS, 1997

Marvin Butler

Abstract

Evaluation of preemergence and postemergence herbicide applications on sugar beets was
conducted in two commercial fields near Prineville and Culver, Oregon. Herbicides applied
preemergence included Nortron (ethofumesate) and Pyramin (pyrazon). Herbicides applied
postemergence were Upbeet (triflusulfuron) and Betamix (phenmedipham plus desmedipham).
The most effective control of was provided by preemergence application of Nortron, Pyramin, or
a combination of the two, followed by Betamix plus Upbeet applied at the cotyledon stage and 2
to 4 leaf stages.

Introduction

This is the third year of both commercial sugar beet production and herbicide trials conducted in
the Prineville and Culver areas of central Oregon. This project conducted to evaluate herbicides
applied preemergence and postemergence to sugar beets, focused on comparing two rates of
Nortron (ethofumesate) and Pyramin (pyrazon) applied preemergence, and a comparison of
preemergence-only, pre- and postemergence, and postemergence-only applications.

Methods and Materials

Preemergence treatments included Nortron and Pyramin, and a combination of Nortron and
Pyramin. Postemergence applications included Betamix (phenmedipham plus desmedipham)
plus Upbeet (triflumesate), and Betamix at half the normal rate plus Upbeet with crop oil
concentrate at 1.5 % v/v. Treatments applied preemergence were made April 18 at Culver and
April 17 at Prineville. This was followed by Gramoxone (paraquat) treatments to appropriate
plots on April 29 at Prineville, while the crop at Culver emerged unexpectedly early so no
application was made. Treatments applied postemergence were made at the cotyledon stage May
8 at Culver and May 16 in Prineville. The second postemergence treatments were made at the
two-leaf stage May 14 at Culver and at the four-leaf stage May 27 at Prineville.

The Prineville location received freeze damage as the plants were beginning to emerge. The
field was replanted, and Gramoxone was applied to the field prior to emergence of the replanting.
Most of the trial was treated with the field Gramoxone application, expect for a three and a half
plot wide strip through the middle.

Treatments were applied with a CO2-pressurized, hand-held boom sprayer at 40 psi and 20-gal/a
water. Plots 10 ft X 22 ft were replicated four times in a randomized complete block design.
Treatments at the Culver location were evaluated for crop injury and percent control of common
groundsel, common lambsquarters, redstem filaree, redroot pigweed, and kochia May 23 and
August 1. Evaluation of treatments at the Prineville location were made June 10 and August 1
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for redroot pigweed, prostrate knotweed, hairy nightshade, and common lambsquarters. The
center row of each plot at the Culver location was harvested October 7, while the Prineville
location was harvested October 17. Samples were weighed and 10 beet sub-samples evaluated
for percent sugar and parts per million nitrate by Spreckles Sugar, Woodland, California.

Results and Discussion

At the Culver location (Table 1) all treatments provided excellent weed control, except the
preemergence only applications with 69% control. Crop stunting was the highest, with 16%
when crop oil was added to the Betamix plus Upbeet treatments. Nortron at 3 pt/a and Pyramin
at 4.6 lb/a produced 13% crop stunting, while other treatments with both preemergence and
postemergence applications produced 9 to 11% stunting. Since yields in hand-weeded plots were
no different that those where herbicides were applied, it would appear than there is not across-
the-board reduction in yield associated with herbicide treatments. There does not appear to be
any consistent effect on yield associated with stunting early in the season.

Overall results for the Prineville location are provided in Table 2. Preemergence application of
Nortron at 2 pt/a or 3 pt/a, Pyramin at 3 lb/a or 4.6 lb/a, or the combination of Nortron at 1.5 pt/a
plus Pyramin at 1.25 lb/a followed by Betamix plus Upbeet provided excellent weed control.
Preemergence only application of Nortron plus Pyramin provided only 84 to 85% control.

When postemergence applications were made at Prineville, weeds in plots that did not receive
the commercial Gramoxone application after replanting were larger than weeds in plots where
Gramoxone was applied. This provided a comparison of weed control under timely application
and late application scenarios (Table 3 and Table 4). However, it should be noted that not all
treatments were represented in each situation and the number of replications in each was not
consistent.

For the postemergence only application of Betamix plus Upbeet, weed control was 88% in plots
receiving the field Gramoxone treatment, and only 60% in plots not field-treated with
Gramoxone where the weeds were larger. Similar results occurred when the rate of Betamix was
cut in half, and crop oil concentrate was added: weed control dropped from 98 to 80%.
Gramoxone as a planned treatment was less effective when postemergence treatments were not
timely, with a reduction in weed control from 97 to 82% when postemergence herbicide
treatments were late.

Redroot pigweed appeared to be the most difficult weed to control for treatments not including
Nortron or Pyramin applied preemergence. At the Culver location, the weed spectrum was 45%
common lambsquarters, 37% common groundsel, 10% redroot pigweed, 4%, and 4% redstem
filaree. At the Prineville location, the weed spectrum included 38% redroot pigweed, 22%
prostrate knotweed, 20% common lambsquarters, and 20% hairy nightshade.
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Table 1. Effect of herbicide applications on sugar beets near Culver, OR, evaluated May 23, 1997.

Treatments'
Application Timing (amount/a) Percent Weed Control' Yield

Preemergence Cotyledon Two-leaf Groundsel Lambsquarter Filaree Pigweed Kochia Average Tons/ac
1. Nortron 1.5 pt 95 B 72 b 33 b 80 b 92 a 74 b 36.9 a

Pyramin 1.25 lb
2. Nortron 1.5 pt 100 a 100 a 100 a 100 a 100 a 100 a 46.0 a

Pyramin 1.25 lb
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

3. Nortron 2.0 pt 100 a 100 a 100 a 100 a 100 a 100 a 41.3 a
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

4. Nortron 3.0 pt 100 a 100 a 100 a 100 a 100 a 100 a 39.9 a
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

5. Pyramin 3.0 lb 100 a 100 a 100 a 100 a 100 a 100 a 37.1 a
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

6. Pyramin 4.6 lb 100 a 100 a 100 a 100 a 100 a 100 a 39.8 a
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

7. Betamix 1.5 pt 2.0 pt 100 a 100 a 100 a 100 a 100 a 100 a 40.6 a
Upbeet 0.5 oz 0.5 oz

8. Betamix 1.5 pt 2.0 pt 100 a 100 a 99 a 100 a 100 a 100 a 39.5 a
Upbeet 0.5 oz 0.5 oz

9. Betamix 0.75 pt 1.0 pt 100 a 99 a 100 a 99 a 98 a 99 a 37.7 a
Upbeet 0.5 oz 0.5 oz
Crop Oil 1.5% 1.5%

10. Untreated 0 c 0 c 0 b 0 c 0 b 0 c 19.0 b
11. Hand Weeded 100 a 100 a 100 a 100 a 100 a 100 a 39.1 a

'Visual evaluation was conducted May 23, 1997.
'Treatments were applied April 18, May 8, and May 14, 1997.



Table 2. Effect of herbicide application on sugar beets near Prineville, OR, evaluated June 9, 1997.

Treatments2

Application Timing (amount/a) Percent Weed Control' Yield

Preemergence Cotyledon Two-leaf Pigweed
Prostrate

Knotweed	 Nightshade	 Lambsquarter Average Tons/ac

1. Nortron 1.5 pt 92 a 98 a 73 b 92 a 89 31.4 a
Pyramin 1.25 lb

2. Norton 1.5 pt 100 a 98 a 100 a 100 a 100 36.2 a

Pyramin 1.25 lb
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

3. Nortron 2.0 pt 100 a 99 a 100 a 100 a 100 36.2 a

Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

4. Nortron 3.0 pt 100 a 98 a 100 a 100 a 100 37.0 a

Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

5. Pyramin 3.0 lb 100 a 100 a 100 a 100 a 100 33.5 a
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

6. Pyramin 4.6 lb 100 a 98 a 100 a 100 a 100 34.0 a

Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

7. Gramoxone 1.5 pt 100 a 88 a 100 a 98 a 97 34.5 a

Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

8. Betamix 1.5 pt 2.0 pt 93 a 43 b 94 a 93 a 81 35.1 a

Upbeet 0.5 oz 0.5 oz
9. Betamix 0.75 pt 1.0 pt 93 a 88 a 93 a 92 a 92 33.5 a

Upbeet 0.5 oz 0.5 oz
Crop Oil 1.5 % 1.5 %

10. Untreated 0 b 0 c 0 c 0 b 0 11.6 b

'Visual evaluation was conducted May 23, 1997.
2Treatments were applied April 17, May 16, and May 27, 1997.



Table 3. Effect of herbicide application, without preemergence Gramoxone, on sugar beets near Prineville, OR, evaluated June 9, 1997.

Treatments'

Application Timing (amount/a)

Preemergence	 Cotyledon	 Two-leaf

Percent Weed Control'

Pigweed
Prostrate
Knotweed Nightshade Lambsquarter Average

1. Nortron 1.5 pt 85 85 85 85 85
Pyramin 1.25 lb

2. Nortron 1.5 pt 100 100 100 95 99
Pyramin 1.25 lb
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

3. Nortron 2.0 pt
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

4. Nortron 3.0 pt 100 100 100 90 98
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

5. Pyramin 3.0 lb 100 100 100 100 100
-,1 Betamix 1.5 pt 2.0 pt
.p... Upbeet 0.5 oz 0.5 oz

6. Pyramin 4.6 lb 100 100 100 98 100
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

7. Gramoxone 1.5 pt 95 93 93 45 82
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

8. Betamix 1.5 pt 2.0 pt 80 80 80 0 60
Upbeet 0.5 oz 0.5 oz

9. Betamix 0.75 pt 1.0 pt 80 80 80 80 80
Upbeet 0.5 oz 0.5 oz
Crop Oil 1.5% 1.5%

10. Untreated 0 0 0 0 0

'Visual evaluation was conducted May 23, 1997. 	
	

'Treatments were applied April 17, May 16, and May 27, 1997.



Table 4. Effect of herbicide application, with preemergence Gramoxone, on sugar beets near Prineville, OR, evaluated June 9, 1997.

Treatments'

Application Timing (amount/a) Percent Weed Control'

Preemergence Cotyledon Two-leaf Pigweed
Prostrate
Knotweed Nightshade Lambsquarter Average

1. Nortron 1.5 pt 93 93 50 100 84
Pyramin 1.25 lb

2. Norton 1.5 pt 100 100 100 99 100
Pyramin 1.25 lb
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

3. Nortron 2.0 pt 100 100 100 99 100
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

4. Nortron 3.0 pt 100 100 100 100 100
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

5. Pyramin 3.0 lb 100 100 100 100 100
Vln Betamix 1.5 pt 2.0 pt

Upbeet 0.5 oz 0.5 oz
6. Pyramin 4.6 lb 100 100 100 98 100

Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

7. Gramoxone 1.5 pt 100 98 100 88 97
Betamix 1.5 pt 2.0 pt
Upbeet 0.5 oz 0.5 oz

8. Betamix 1.5 pt 2.0 pt 100 97 99 57 88
Upbeet 0.5 oz 0.5 oz

9. Betamix 0.75 pt 1.0 pt 100 98 100 93 98
Upbeet 0.5 oz 0.5 oz
Crop Oil 1.5% 1.5%

10. Untreated 0 0 0 0 0

'Visual evaluation was conducted May 23, 1997.
'Treatments were applied April 17, May 16, and May 27, 1997.



STATE-WIDE CEREAL VARIETY TESTING PROGRAM TRIALS
IN CENTRAL OREGON

Ernie Marx, Russ Karow, Mylen Bohle and Steven R. James

Abstract

Grain variety trials were conducted at Madras, Oregon, as part of the fifth year of the
state-wide variety testing program. Winter and spring barley, triticale, and wheat were
grown. As groups, winter wheats and triticales (29 varieties) had the highest average
yield (6720 lb/a) followed by spring wheats and triticales (23 varieties) (5940 lb/a),
spring barleys (17 varieties) (4727 lb/a) and winter barleys (7 varieties) (3630 lb/a).
Spring wheat and triticale yields were the highest they have been in five years of testing.
The high spring yields were attributed to an early planting date and favorable weather
conditions. Lodging has become less of a problem in the winter trials, possibly because of
improved nitrogen management. Within each grain class, several varieties appear to be
top performers across years. Growers are encouraged to carefully review prospective
varieties for both yield and other desirable characteristics, such as grain quality and
resistance to disease and lodging. Trial results for 1997 as well as five-year yield
summaries are shown. Results from trials throughout Oregon are on the Oregon State
University Cereals Extension web page at http://www.css.orstedu/cereals.

Introduction

New cereal varieties are released by public and private Pacific Northwest plant breeders
each year. To provide growers with accurate, up-to-date information on variety
performance, a state-wide variety testing program was initiated in 1993 with funding
provided by the Oregon State University (OSU) Extension Service, OSU Agricultural
Experiment Station, Oregon Wheat Commission, and Oregon Grains Commission.
Eleven sites are included in the testing network. More than 50 varieties are tested each
year at each site. In addition to variety comparisons, seed-treatment variables were
included in the 1997 trials. Height, lodging, yield, test weight, and protein data are
determined for all plots in Madras, Oregon. Other information is collected as time and
labor allows. Data are summarized in extension publications and county extension
newsletters as well as in Oregon Wheat Magazine and other popular press media. Data
for all trials are on the Oregon State University Cereals Extension web page at
http: //www.css.orst.edu/cereals. For future reference, use the web page for earliest
access to data, as trial results are posted as soon as they are available.

Materials and Methods

Trial plots were managed by Steve James, Mylen Bohle, and Peter Tomseth. Plots (5 ft x
20 ft) were seeded at a rate of 30 seeds/ft2 using an Oyjord plot drill. Winter trials were
planted on October 11, 1996. The nitrogen supply goal for winter wheats and triticales
was 200 lb N/a. A soil test for inorganic N indicated 36 lb N/a in the soil. On April 16,
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1997 an additional 159 lb N/a were applied as fertilizer (62 lb N/a as 16-20-0-14, 97 lb
N/a as 34-0-0). The nitrogen target for winter barleys was 100 lb N/a. On April 16, 1997
60 lb N/a was applied as 16-20-0-14.

Spring trials were planted on March 26, 1997. The nitrogen supply goal for spring wheats
and triticales was 160 lb N/a. A soil test for inorganic N indicated 42 lb N/a in the soil. A
preplant application of 62 lb N/a as 16-20-0-14 was made on March 25. On April 16 an
additional 60 lb N/a as 34-0-0 was applied. The nitrogen target for spring barleys was
100 lb N/a. A preplant application of 62 lb N/a was made as 16-20-0-14 on March 25.

Herbicide and irrigation programs were typical for central Oregon production. Plots were
harvested with a Wintersteiger plot combine then the grain was cleaned on a Peitz rub-bar
cleaner. Plot yield, test weight, protein, moisture, and seed size were all determined on
cleaned grain samples. Wheat and triticale yields are reported on a 10 % moisture 60
lb/bu basis. Barley yields are reported as lb/a at 10 % moisture. Protein and moisture
levels were determined using a whole-grain, near infrared protein analyzer. Proteins are
reported on a 12 % moisture basis.

Results and Discussion

Winter Wheats and Triticales

Winter wheat and triticale data are presented in Table 1. The trial average yield was 112
bu/a, and ranged from 102 to 130 bu/a. MacVicar, Rod, Stephens and W301 continue to
be among the top soft white winter wheat varieties (Tables 1 and 5). ID14502B, an Idaho
line to be released as 'Brundage', has performed well for two years in the Madras trials.
Club wheats continue to perform poorly compared to soft white common varieties.

Three hybrid wheat varieties from Hybritech were included in the 1997 trials. Hybritech
1017 performed quite well. Hybritech 1017 and 1019 will be included in the 1998 trials.

Yield data for two of the three triticale varieties was lost because the combine was set for
threshing wheat, not triticale. Yield was measured for Togo' triticale, a variety from
Poland. Bogo did well in Madras and three other locations where it was grown. Togo' is
earlier and a few inches taller than 'Celia'. In this year's trials, Togo' test weight was
55.5 lb/bu compared to 'Celia' with 59.1 lb/bu. Data from several more years is needed to
determine if Togo' will consistently perform well. If the variety does prove superior,
seed availability will depend on arrangements made with Poland for seed production in
the United States.

Lodging, which was a problem in 1993-95, has been greatly reduced the past two years.
Closer attention to nitrogen management may account for this difference. Nitrogen
fertilization rates are based on a 200 lb N/a supply goal. A soil test is used to measure
inorganic N (nitrate and ammonium) in the soil prior to fertilization. Soil N is then
subtracted from the 200 lb N/a supply goal to determine an optimum N fertilizer rate. At
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harvest, grain protein is used as an indicator of N sufficiency. With good N management
and adequate moisture, soft white winter wheat in Oregon will have between 9.0% and
10.0% protein. Protein for this trial averaged 9.4%, indicating sufficient but not excessive
N fertilization.

Spring Wheats and Triticales

Spring wheat and triticale data are presented in Table 2. The trial average yield was 99
bu/a, and ranged from 66 to 123 bu/a. An early planting date and favorable weather
conditions contributed to the exceptionally high yields.

The hard red spring wheats WPB936 and `Yecora Rojo' were among the highest yielding
varieties in the trial; however, protein levels were 10.5% and 10.8%, respectively. These
low protein levels in a hard red wheat may make marketing difficult. The hard white
variety `Klasic' has also had high yields but lower than desirable protein concentrations
for a number of years.

Among soft white spring varieties, Tomerelle' had the highest yields in 1997. However,
looking at yields over the past three years (Table 6) we see few differences among the
leading varieties `Alpowa', 'Centennial', `Pomerelle', and 'Treasure'. All have
experienced some years of exceptional performance and other years with average yields.
`Centennial' is an Idaho variety that yields well but can be difficult to thresh and has had
high dockage levels in some production environments. `Alpowa', a Washington release
intended to replace Tenawawa', is also somewhat difficult to thresh.

Triticale yields were below wheat yields, but this data may be inaccurate because of the
threshing problems mentioned in the winter grains section.

Winter and Spring Barleys

Barley data are shown in Tables 3 and 4. Spring barleys yielded better than winter barleys
for the fifth consecutive year. The average yield for spring barleys was 4727 lb/a, and
ranged from 2889 to 5835 lb/a. The average yield for winter barleys was 3630 lb/a, and
ranged from 2940 to 3943 lb/a.

Average winter barley yields were 45% below average winter wheat and triticale yields.
Winter barley plots suffered bird damage, which lowered yields, but damage was not
severe enough to account for the large differences in yield between barley and wheat.
Average spring barley yields were 30% below average spring wheat and triticale yields.

Barley stripe rust resistance is currently a major focus of barley breeding programs.
While the disease has not been a major problem in the Madras area, it has caused severe
damage in other locations. Only varieties with resistance or tolerance to barley stripe rust
are being pursued by the OSU barley breeding program.
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`Kold' and 'Strider' continue to perform strongly as winter barley varieties. `Kold' has
been especially consistent with above average yields over a number of years (Table 5).
Both `Kold' and 'Strider' have barley stripe rust resistance and good test weights.
SDM204, which was the highest yielding winter barley in 1995 and 1996, was not in the
1997 trial.

In the spring barley trials, `Baronesse' (2RF), 'Colter' (6RF), 'Payette' (6RF), and
`Steptoe' (6RF) continue to be among the highest yielding varieties. Of these varieties,
`Baronesse' tends to have highest test weights. `Maranna' (6RF), which was the highest
yielding variety through the first four years of the trials, is susceptible to barley stripe rust
and was not included in the 1997 trials. 'Colter' is also susceptible to barley stripe rust,
which gives the variety an uncertain future. `Idagold' (2RF) and 'Galena' (2RM) are two
varieties from Coors Brewing Company that have had good test weights along with above
average yields in both 1996 and 1997.

Lodging was a problem for many of the spring varieties but not for the winter varieties.
The opposite trend occurred the previous year. Among the spring barleys, varieties with
less lodging tended to have the higher yields.

Seed treatments

Fungicides. In the winter wheat trials, Stephens seed was treated with Dividend or RTU-
Vitavax-Thiram. No difference between the treatments was detected in any yield
parameter. In spring barley trials, RTU-Vitavax-Thiram and Baytan seed treatments were
compared. There were no differences detected between treatments in that trial, either.

Insecticides. Imidacloprid (Gaucho) seed treatment was tested in both winter (`Stephens')
and spring (`Alpowa') wheat trials. Imidacloprid is a systemic insecticide designed to kill
insects that feed on plant cell contents. In wheat, the target insects are often aphids and
Hessian fly (Mayetiola destructor) larvae. Imidacloprid is in a new class of insecticides,
and it could play a role in resistance management. It also offers an alternative to growers
who prefer using a seed treatment in place of sprays or in-furrow insecticides for insect
control.

For winter grains, the primary target for the insecticide is aphids which may carry barley
yellow dwarf virus (BYDV). If planting dates are late enough for aphid pressure to have
declined, there is no expected advantage from using the insecticide. Imidacloprid had no
effect on yield in two consecutive years of winter trials.

In spring trials, there was a small increase in yield when Imidacloprid was used. This
trend was observed in spring trials throughout the state for two consecutive years.

Over-years Winter Grain Summary

Tables 5 and 6 are summaries of yield data for winter and spring grains over the period
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1993-97. The ability to analyze variety performance over time is one of the benefits of
coordinated, long-term trials. The data show that from a statistically (P 0.05) there are
few yield differences among commonly grown varieties. This suggests that, in addition to
yield, you should consider characteristics such as grain quality and resistance to disease
and lodging when evaluating newer varieties.
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Table 1. State-wide variety testing program winter wheats and triticales, 1997, Madras, OR.

Variety or
line

Market
class

Yield
(bu/a)

Test
weight
(Ib/bu)

Protein
(%)

Heading date
(day of year)

Height
(in)

Lodging
(%)

1000
kernel

weight (g)
Seeds
(per lb)

Hybritech 1017 SW 130 59.8 9.3 151 35 0 55.9 8130
ID14502B SW 124 60.1 8.8 151 36 0 50.6 8992
Bogo Triticale 123 55.5 8.5 143 36 0 50.6 8987
W301 SW 123 60.3 9.5 151 31 0 59.3 7662
MacVicar SW 123 61.3 9.1 151 32 0 N.A. N.A.
Stephens - Dividend SW 123 60.5 9.8 150 31 0 60.8 7480
OR870082 SW 121 62.2 9.8 157 35 0 52.9 8591
Madsen+Stephens SW 120 60.8 9.3 158 32 0 53.8 8454
1D0467 HR 120 60.4 9.5 147 28 0 52.1 8718
Hybritech 1019 SW 119 61.0 9.7 151 31 0 52.3 8686
OR870012 SW 119 60.4 9.9 152 35 0 N.A. N.A.
Stephens - Vitavax & Gaucho SW 119 60.3 9.6 150 30 0 59.1 7695
Stephens - Vitavax, no Gaucho SW 119 60.1 9.6 150 30 0 57.6 7898
Hybritech 1020 SW 118 60.5 10.1 151 33 0 42.5 10690

co Rely Club 116 59.1 9.1 160 37 0 43.4 10481
I--

Rod SW 116 60.7 8.2 159 34 0 48.9 9297
Rohde Club 116 60.8 9.2 156 32 0 43.2 10513
1D86-10420A SW 111 61.7 9.5 152 33 0 47.6 9545
ORCL0049 Club 111 61.1 9.6 157 33 0 N.A. N.A.
WA7752 Club 109 61.4 9.8 158 36 0 41.6 10936
ORCL0054 Club 109 61.7 9.8 154 32 0 45.3 10046
Yamhill SW 109 58.6 9.3 159 39 0 N.A. N.A.
OR898120 SW 108 60.1 9.6 151 32 0 52.7 8622
WA7793 Club 108 58.6 9.3 159 34 0 N.A. N.A.
Madsen SW 104 60.8 9.6 152 31 0 N.A. N.A.
OR880172 SW 103 58.1 9.2 162 30 0 56.0 8111
Gene SW 102 59.9 10.6 151 29 0 46.5 9784
Celia Triticale N.A.* 59.1 8.5 151 32 0 48.2 9427
Trit 6600 Triticale N.A.* 54.9 8.6 149 39 0 48.3 9419

Mean 112 60.0 9.4 153 33 0 50.8 8943
PLSD (P�0.05) 17 1.0 0.6 2 2 N.A. N.A. N.A.
PLSD (P�0.10) 14 0.9 0.5 2 2 N.A. N.A. N.A.
CV 9 1 4 1 4 N.A. N.A. N.A.
P-value 0.00 0.00 0.00 0.00 0.00 N.A. N.A. N.A.



N.A.: Not Available
*Celia and Trit 6600 yields measurements were lost because combine was set for threshing wheat, not triticale.

Table 2. State-wide variety testing program spring wheats and triticales, 1997, at Madras, OR.

Variety or
line

Market
class

Yield
(bu/a)

Test
weight
(Ib/bu)

Protein
(%)

Heading date
(day of year)

Height
(in)

Lodging
(%)

1000
kernel

weight (g)
Seeds
(per lb)

Pomerelle SW 123 61.0 9.4 166 37 7 37.2 12202
WPB936 HR 120 63.2 10.5 162 33 0 49.3 9208
Yecora Rojo HR 118 63.4 10.8 159 26 0 48.1 9435
OR4895181 HW 117 61.9 10.8 164 35 7 45.7 9934
OR4870453 HW 111 62.9 10.3 167 34 0 37.9 11975
NW-10 111 60.0 10.6 166 37 0 47.6 9526
Klasic HW 110 63.9 11.3 158 27 0 50.3 9027
Whitebird SW 110 63.4 9.6 165 38 3 36.6 12383
Treasure SW 110 61.7 10.0 165 36 37 39.4 11521
Penawawa SW 105 63.2 9.7 164 35 17 41.0 11068
ML107-455 HW 102 61.3 11.1 167 37 0 43.9 10342

co Alpowa SW 102 63.6 10.2 164 39 17 41.5 10932
N Centennial SW 101 62.7 9.3 162 34 15 39.8 11385

1D0462 HR 97 63.2 11.2 164 35 52 42.6 10660
1D0377S HW 96 63.1 10.7 163 35 32 40.8 11113
WA 7802 HR 93 62.5 11.3 163 37	 . 73 45.2 10025
1D0488 SW 92 62.7 9.3 163 33 35 41.2 11022
Alpowa no Gaucho SW 88 63.6 9.9 163 37 20 43.1 10524
ID0492 HR 83 63.8 11.7 162 37 28 41.5 10932
Wawawai SW 81 63.3 10.0 164 38 50 44.4 10206
Trical-2700 Triticale 77 54.6 10.1 169 58 2 50.5 8981
Metzger-2b Triticale 67 59.0 9.8 163 40 0 50.8 8936
Metzger-1b Triticale 66 58.7 10.3 163 40 0 52.6 8618

Mean 99 62.0 10.3 164 37 17 43.9 10433
PLSD (P�0.05) 23 1.0 0.6 2 2 35 N.A. N.A.
PLSD (135.0.10) 19 0.8 0.5 2 2 29 N.A. N.A.
CV 14 1 4 1 4 124 N.A. N.A.
P-value 0.00 0.00 0.00 0.00 0.00 0.01 N.A. N.A.
N.A.: Not Available



"CELIA" WINTER TRITICALE AND "STEPHENS" SOFT WHITE WINTER WHEAT
RESPONSE TO NITROGEN FERTILIZER IN 1997

Mylen Bohle, Russ Karow, Ernie Marx and Steven R. James

Abstract

Responses of "Celia" winter triticale, and "Stephens" soft white winter wheat responses to
nitrogen fertilizer rates were tested at the Central Oregon Agricultural Research Center
(COARC) at Madras, Oregon in the 1996-97 crop year. The plot harvester was not adjusted
properly for triticale, affected yield significantly, and may have affected other variables. With
increasing rates of Nitrogen, up to 160 lb/a , "Stephens" significantly increased yield, protein
content, test weight, height, grain N uptake, and grain protein yield. "Celia" also increased
yield, protein content, grain N uptake, and grain protein yield up to 160 lb/a N; test weight
increased up to 120 lb/a N, while height leveled off with 80 lb/a N Higher rates of N delayed
heading date for both "Celia" and "Stephens" by one day. There was no lodging for either
"Celia" or "Stephens". The 1000 kernel weight increased for "Stephens" up to the 120 lb/a N
rate and then leveled off, while the 1000 kernel weight for Celia only increased up to the 80 lb/a
N rate. As N rates increased up to 80 lb/a, seeds per pound decreased, while harvested seed for
future planting rates increased..

Introduction

More acreage is devoted to soft white winter wheat in central Oregon than any other cereal grain
crop. Winter triticale is a "new" feed grain crop with high yield potential. Interest in triticale is
growing for both grain and forage purposes. The grain is excellent for livestock feed, especially
in swine and poultry rations. Triticale is also being utilized for human food. "Celia" winter
triticale has the ability to outyield barley and is less prone to lodging or disease. "Celia" also has
superior test weight in comparison to other triticale varieties. A nitrogen fertilizer rate trial was
initiated in crop year 1994-1995 to compare yield, quality, and agronomic response by "Celia"
and "Stephens". This is the third year of a three year study. Information gathered will allow
better production practice decision making. The Oregon Grains Commission is gratefully
acknowledged for partially funding this trial

Materials and Methods

"Celia" winter triticale and "Stephens" soft white winter wheat were planted on October 11,
1996, at 30 seeds ft2 with a plot cone-type planter. The design was a randomized complete block,
two factorial design with three replications. Row spacing was 8 inches and plot size was 5 ft x
20 ft.
A soil sample was taken to bedrock (two feet deep) in early March 7, 1997.. The soil analysis
was performed by Agri-Check laboratory, and soil test results are in Table 1. The previous crop
was Kentucky bluegrass for seed. It was assumed that 20 pounds of nitrogen had been taken up
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by the plants at the time of sampling. The plots were individually fertilized by hand with 40 lb
S /a (gypsum source) and 0, 40, 80, 120, and 160 lb N /a of nitrogen per acre (ammonium nitrate
nitrogen fertilizer) on March 28, 1997. Irrigation was with solid set sprinkler lines and applied as
needed. No chemical herbicide was applied due to low weed populations.

Plant height and lodging scores were recorded before harvest. Seventy-five square feet were
harvested on August 21, 1997. The plot combine was not adjusted properly for triticale,
subsequently many heads were run through the combine un-threshed. Grain was cleaned, test
weights and 1,000 kernel weights measured, and protein contents determined with a whole grain
infrared analyzer by the state-wide cereal variety testing team in Corvallis, Oregon.

Grain nitrogen uptake (recovery), grain protein yield, seeds per pound, and future seeding rates
were calculated. The MSTAT statistical program was used to analyze the data. Protected least
significant differences (PLSD's) are used in the mean separations.

The grain yield, test weight, protein content, grain nitrogen uptake, and grain protein yield data
are presented on a 10, 10, 12, 11 and 11 percent moisture basis, respectively. Grain yield is
presented on a 60 pound bushel basis. The future seeding rate was calculated from seeds per
pound, based on 30 seeds per square foot.

Results and Discussion

The results for grain yield, protein content, test weight, height, lodging, and heading date (days
from January 1) are presented in Table 2. Results for grain nitrogen uptake (recovery), grain
protein yield, 1,000 kernel weight, seeds per pound, and future seeding rates are presented in
Table 3.

"Stephens" soft white winter wheat was significantly higher yielding than Celia winter triticale.
The most important reason was the improper adjustment of the plot harvester. This may have
affected other variables measured as well. Both, "Stephens" and "Celia" yield, increased
significantly up to the the 160 lb/a N rate. The yields show that the top N rate did not optimize
yield or protein content. Yield for "Stephens", peaked at 107.8 bu/a and was still increasing at
the high N rate. There was no lodging which also indicates that N rates din not exceed optimal
levels. Soil nitrogen mineralization rates were not measured, but must have been fairly low, as
the "Celia" and "Stephens" 0 lb/a N rate yielded 23.5 and 40.4 bu/a, respectively. There were
significant yield increases with each 40 lb/a increment of N..

Averaged across N rates, protein content increased significantly with increasing rates of N up to
160 lb/a N. There were no significant variety x N rate differences. The trends seen in the
variety x N rate data are similar to those seen in other work, but differences were non-significant
when averaged across varieties. Though "Stephens" and "Celia" responded similarly,
"Stephens" always had a higher protein content than "Celia" at the same N rate. "Celia" and
"Stephens" also responded similarly in that their protein contents decreased significantly, as
yield increased with the first 40 units of N added. Then with the next 40 units (80 units total) of
N, protein contents increased, significantly, but were the same as the check (0 lb/a N rate).
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Previous research has shown that soft white wheat with protein contents of 10.5% protein would
have been adequately fertilized for "Stephens". Maximum protein concentration of Stephens was
9.3%, indicating that additional N fertilizer could have been applied. A similar rule for triticale
has yet to be established.

"Celia" and "Stephens" responded the same, with no change in test weight, as nitrogen rates
increased from 0 lb/a to 40 lb/a. As the rate increased to 80 lb/a N, test weight for "Celia" did
not change, but test weight for "Stephens", increased significantly. With an additional 40 lb/a N
(120 lb/a N), both varieties test weights increased significantly. Then with the last additional 40
units of N, the test weight for "Stephens" increased, "Celia" did not change.

Grain N uptake (recovery) and grain protein yield were increased up to the 160 lbN/a rate for
both varieties.

Plant height was increased with increasing N rates up to the 80 lb/a N rate. There were
significant differences between the plant height of the two varieties. The heading date for
"Celia" was one day earlier than "Stephens". The two high N rates did significantly delay
heading compared to the lower rates.

The difference in 1000 kernel weight was significant for varieties and N rate, with no
interactions. "Stephens" had higher 1,000 kernel weight than did "Celia". There was a trend to
increase 1000 kernel weight up to 120 lb/a nitrogen, but was only significant up to the 80 lb/a N
rate. Seeds per pound, a calculated number with an inverse relationship to 1000 kernel weight,
was different between the two varieties, with "Celia" having a higher number of seeds per
pound. The seeds per pound decreased up to the 80 lb/a N rate and then leveled off. Future
planting rates of lb/a (using 30 seeds per ft 2) has an inverse relationship to seeds per pound.
"Stephens" had a much higher future seeding rate than did "Celia". They both responded
similarly as nitrogen rates increased. Future seeding rates increased as nitrogen rates increased
up to 80 lb/a and then the seeding rate leveled off.

Table 1. Soil test results, March 12, 1997, COARC, Madras, Oregon.

Soil Depth (inches)	 pH	 P205	 K20	 NO,	 NH,
(ppm)	 (ppm)	 (lb/a')	 (1b/a)

0 -12 7.1 29 442 18 17

12-24 7.7 10 272 14 13
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Table 2. "Celia" winter triticale and "Stephens" soft white winter wheat yield, protein content,
test weight, height, lodging, and heading date (days from January 1) response to nitrogen
fertilizer, 1997, COARC, Madras, Oregon.

Treatment
Yield
(bu/a)

Protein
(%)

Test Weight
(lb/bu) Height

(inches)
Lo(dtg

Heading
Date

(1/1 = 1)
Variety

Stephens 78.0 8.4 58.0 28.9 0 149
Celia 40.3 7.4 57.8 31.5 0 148

N Rate (lb/a)
0 32.0 7.5 57.1 26.0 0 148

40 48.5 7.2 57.0 29.8 0 148
80 61.0 7.6 57.8 31.7 0 149
120 72.1 8.4 58.7 31.3 0 150
160 82.2 8.8 59.0 32.0 0 150

Variety/N Rate
Stephens

0 40.4 8.1 56.8 24.3 0 149
40 66.2 7.7 56.7 28.3 0 149
80 77.9 8.1 58.0 30.3 0 149
120 97.7 8.7 59.1 30.3 0 150
160 107.8 9.3 59.6 31.0 0 150

Celia
0 23.5 6.9 57.4 27.7 0 147

40 30.8 6.6 57.3 31.3 0 147
80 44.2 7.0 57.5 33.0 0 148
120 46.5 8.1 58.3 32.3 0 150
160 56.5 8.3 58.4 33.0 0 150

Mean 59.2 7.9 57.9 30.2 0 149
Variety

PLSD 0.10 S S S S NS S
PLSD 0.05 S S NS S NS NS

N Rate
PLSD 0.10 2.5 0.25 0.4 0.8 NS 0.9
PLSD 0.05 3.1 0.30 0.5 1.0 NS 1.2

Variety/N Rate
PLSD 0.10 3.6 NS 0.5 NS NS NS
PLSD 0.05 4.3 NS 0.6 NS NS NS

CV% 4 3 1 3 0 1

86



Table 3. "Celia" winter triticale and "Stephens" soft white winter wheat grain N uptake, grain
protein yield, 1,000 kernel weight, seeds per pound, and future seeding rate (based on 30 seeds
per square foot) response to nitrogen fertilizer, 1997, COARC, Madras, Oregon.

Treatment

Grain
N

Uptake
(lb/a)

Grain
Protein
Yield
(lb/a)

1,000
Kernel
Weight

(g)

Seeds
Per

Pound

Future
Seeding

Rate
(lb/a)

Variety
Stephens 69.2 398 57 7,933 165

Celia 31.8 183 50 9,071 144
N Rate (lb/a)

0 25.5 147 52 8,721 150
40 37.2 214 52 8,759 150
80 49.0 282 55 8,343 157
120 64.0 368 55 8,298 158
160 76.8 441 54 8,389 157

Variety/N Rate
Stephens

0 34.1 196 55 8,227 159
40 53.2 306 55 8,185 160
80 65.6 377 58 7,767 168
120 88.4 509 59 7,690 170
160 104.9 603 58 7,795 168

Celia
0 17.0 98 49 9,214 142

40 21.3 122 49 9,333 140
80 32.5 187 51 8,920 147
120 39.5 227 51 8,907 147
160 48.6 280 51 8,983 146

Mean 50.5 290 54 8,502 154.5
Variety

PLSD .10 S S S S S
PLSD .05 S S S S S

N Rate
PLSD .10 2.9 17 0.9 139 2.6
PLSD .05 3.5 20 1.1 169 3.2

Variety/N Rate
PLSD .10 4.1 23 NS NS NS
PLSD .05 4.9 28 NS NS NS

CV% 6 6 2 2 2
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ERGOT LEVEL EFFECT OF SEED STOCK ON DISEASE INCIDENCE

Marvin Butler, Steve Alderman, and Fred J. Crowe

Abstract

Ergot (Clavicpes purpurea) sclerotia are the primary means of survival and source of inoculum
for infection of grass flowers. To determine if there is a direct correlation between the number
of sclerotia present in seed at planting and incidence of the disease in following years, 14 ft x14
ft plots of 'Coventry' Kentucky bluegrass (Poa pratensis) seed was infested with 0, 0.1, 0.5, 1, 2,
and 3 percent ergot sclerotia by weight during the 1995-96 and the 1996-97 seasons. No
differences were observed between treatments in the number of sclerotia present at harvest. It is
unclear whether this is the result of experimental design or a lack of correlation with the number
of sclerotia present in the seed.

Introduction

Ergot (Calvicpes purpurea) is an important flower-infecting pathogen, which is particularly
damaging to Kentucky bluegrass (Poa pratensis) seed production. The disease not only replaced
the seed with ergot sclerotia, but also produces honeydew that makes harvest difficult. The
objective of this study was to determine if there is a direct correlation between the number of
sclerotia present in seed at planting and the incidence of the disease in following years.

Methods and Materials

`Coventry' Kentucky bluegrass seed was infested with 0, 0.1, 0.5, 1, 2, and 3 percent ergot
sclerotia by weight. This seed was planted August 23, 1995, and August 29, 1996, in 14 ft X 14
ft plots, replicated 4 times at the Central Oregon Agricultural Research Center, Madras, Oregon,
location. Plots were separated by 10-foot borders planted with 'Stevens' wheat (Triticum
aestivum) to provide isolation and to prevent movement of secondary spores by wind and insects
between plots.

One hundred panicle samples were harvested from each plot on July 9, 1996, and July 8, 1997.
Samples were evaluated for percentage of total sclerotia per 100 panicle samples and panicles
with sclerotia both years. Panicles with honeydew were determined in 1997.

Results and Discussion

There were no differences either year in the number of sclerotia present at harvest between the
different levels of ergot-infested seed at planting (Tables 1, 2). These results are similar to the
first year of the project conducted in Powell Butte, Oregon, during the 1994-1995 season. It is
not clear if no effect is due to a lack of correlation with the level of sclerotia in the seed at
planting or to experimental design. Explanations would include the possibility that the 10-foot
borders of wheat may not have been sufficient to prevent cross contamination between plots, or
alternately, spores could have come from outside the trial area.
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The 1994-1995 season plots in Powell Butte were sprinkler-irrigated twice a week before
harvest, and it appeared that a moist, high-humidity microclimate developed in the protected
pockets of grass surrounded by the three-foot high wheat. This would have provided near
optimum conditions for ergot infection during flowering. However, during the 1995-1996
season, plots were irrigated once a week, and the plots remained relatively dry. Despite the dryer
conditions, a moderate level of ergot developed in the plots, but was not significantly correlated
with the level of inoculum at planting. During the 1996-1997 season, plots received a moderate
amount of water, with no differences between inoculum levels.
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Table 1. Effect of sowing various levels of ergot-infested seed on incidence of the disease 1995-
96 at the Central Oregon Agricultural Research Center, Madras, OR.

Infested sown	 Sclerotia	 Panicles per sample
seed by weight	 per sample	 with sclerotia 

(%)	 (number)	 (%)

0	 122	 36
0.1	 103	 22
0.5	 66	 15
1.0	 47	 15
2.0	 104	 31
3.0	 134	 23

LSD P<0.05	 NS	 NS

Table 2. Effect of sowing various levels of ergot-infested seed on incidence of the disease 1996-
97, Central Oregon Agricultural Research Center, Madras, OR.   

Infested sown	 Sclerotia
seed by weight	 per sample

(%)	 (number)

0	 2.6
0.1	 1.0
0.5	 2.6
1.0	 1.6
2.0	 0.8
3.0	 3.8

LSD P< 0.05	 NS 

Panicles per sample
with honeydew 

(%)

1.8
0.8
1.0
0.6
0.4
1.4

NS

90



EVALUATION OF HERBICIDES FOR CONTROL OF ROUGHSTALK
BLUEGRASS AND INJURY TO KENTUCKY BLUEGRASS, 1996-1997

Marvin Butler, Les Gilmore, Mark Morlan, and Al Short

Abstract
Herbicides Sinbar (terbacil), Karmex (diuron), Beacon (primisulfuron), Rely (glufosinate), Goal
(oxyfluorfen), and Horizon (fenoxaprop) were applied in combination to commercial fields of
roughstalk bluegrass (Poa trivialis) and Kentucky bluegrass (Poa pratensis). The most effective
treatment for control of roughstalk bluegrass while minimizing injury to Kentucky bluegrass was
Sinbar at 0.5 lb/a plus Karmex at 2 lb/a applied in early November, followed by Beacon at 0.76
oz/a plus Karmex at 1 lb/a applied in mid-April.

Introduction

Research to evaluate herbicides for control of roughstalk bluegrass (Poa trivialis L.) in
Kentucky bluegrass (Poa pratensis L.) was initiated in 1993. A wide variety of herbicide
combinations were screened during the 1994-1995 season. In subsequent years, the objective has
been to evaluate treatments with the most promise and to fine-tune application rates and timings
of the most effective herbicide combinations. In addition, several new herbicides have been
evaluated as they have become available.

During the 1996-1997 season, the focus was on combining a fall application of Sinbar(terbacil),
plus Karmex (diuron) with a spring application of Beacon (primisulfuron) plus Karmex. Spring
applications included both April and May application dates to determine proper timing. A mid-
winter application of Horizon (fenoxaprop) and fall application of Rely (glufosinate), alone and
in combination with Goal (oxyfluorfen), were also evaluated.

Methods and Materials

Plots were place in three commercial grass seed fields to evaluate crop reduction and yield
reduction of 'Cypress' and 'Saber II' roughstalk bluegrass and 'Crest' Kentucky bluegrass.
Evaluations included a November 2, 1996 application of Sinbar at 0.5 lb/a plus Karmex at 2 lb/a
alone, or in combination with a spring application of Beacon at 0.76 oz/a plus Karmex at 1 lb/a
applied either April 23 or May 16, 1997. A single November 2 application of Beacon at 0.76
oz/a plus Karmex at 2 lb/a was evaluated, along with a double application of Beacon at 0.38 oz/a
plus Karmex at 2 lb/a applied November 2, and May 16. New product evaluations included a
November 2 application of Rely at 4 pt/a alone, and in combination with Goal at 0.5 pt/a.
Horizon at 1.6 pt/a was evaluated as a single January 20 application, and following a November
2 application of Sinbar at 0.5 lb/a plus Karmex at 2 lb/a.

Treatments were applied with a CO 2 pressurized, hand-held, boom sprayer at 40 psi and 20 galla
water. Plots 10 ft X 20 ft were replicated three times in a randomized complete block design. A
nonionic surfactant was applied at 1 qt/100 gal in combination with all herbicides. Visual
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evaluations for percent reduction in biomass to established plants were conducted December 6,
1996, and pre-harvest evaluations of percentage of reduction in seed set were conducted June 19,
1996.

Results and Discussion

To date, the most effective treatment for control of roughstalk bluegrass while minimizing injury
to Kentucky bluegrass appears to be Sinbar at 0.5 lb/a plus Karmex at 2 lb/a applied in early
November, followed by Beacon at 0.76 oz/a plus Karmex at 1 lb/a applied in mid April.

Results for 'Cypress' roughstalk bluegrass are provided in Table 1. Yield reduction with fall
application of Sinbar plus Karmex alone (70%), or followed by spring applications of Beacon
plus Karmex (93-99%), were more effective than Beacon plus Karmex alone (43%), or applied
both fall and spring (60%). Sinbar plus Karmex followed by Beacon plus Karmex applied in
April performed better (99%) than when the Beacon plus Karmex was applied in May (93%).
Horizon applied in January reduced yield about 7 percent when either applied alone or following
Sinbar plus Karmex. Rely alone, or in combination with Goal, resulted in serious crop reduction
(85%, 93%), but relatively light yield reduction (12%, 20%).

Results for 'Saber II' are provided in Table 2. Treatments generally had less effect on Saber II
than 'Cypress', but followed the same trends observed on 'Cypress'. Sinbar plus Karmex
followed by Beacon plus Karmex applied in April resulted in the greatest yield reduction (92%),
followed by Beacon plus Karmex applied in May (63%). Fall applications of either Sinbar plus
Karmex or Beacon plus Karmex did not perform as well alone as when followed by a spring
application of Beacon plus Karmex.

Results for 'Crest' Kentucky bluegrass are provided in Table 3. Sinbar plus Karmex had no
effect on yield whether applied alone or followed by Beacon plus Karmex in April. There were
slight yield reductions (7-10%) with Beacon plus Karmex, whether applied in the fall or in May.
Rely alone, or in combination with Goal, seriously reduced both crop (90-95%) and yields (70-
77%). Horizon applied in January had little effect on crop or yields.

During 1997-1998 research will focus on single and split spring applications applied either in
March or April, or both, following Sinbar plus Karmex treatments in early November. The new
material to be evaluated is Milestone, with single fall applications at two rates.

92



Table 1. Effect of fall-applied herbicide applications November 2, 1996 alone or in combination
with additional applications as indicated below on 'Cypress' roughstalk bluegrass at S & L
Farms near Madras, OR.

Treatments	 Rate	 Crop Reduction'	 Yield Reduction2
December 6, 1997	 June 19, 1997 

(product/a)	 	 (percent) 	

1. Sinbar	 0.5 lb	 22 c3	70 ab
+Karmex	 2.0 lb

2. Beacon	 0.76 oz	 5 D	 43 c
+Karmex	 2.0 lb

3. Sinbar	 0.5 lb	 17 C	 99 a
+Karmex	 2.0 lb
Beacon (Apr 23)	 0.76 oz
+Karmex	 1.0 lb

4. Sinbar	 0.5 lb	 17 c	 93 a
+Karmex	 2.0 lb
Beacon (May16)	 0.76 oz
+Karmex	 1.0 lb

5. Beacon	 0.38 oz	 3 d	 60 be
+Karmex	 2.0 lb
Beacon (May 16)	 0.38 oz
+Karmex	 1.0 lb

6. Sinbar	 0.5 lb	 13 c	 77 ab
+Karmex	 2.0 lb
Horizon	 1.6 pt

7. Rely	 4.0 pt	 93 a	 12 d
+Goal	 0.5 pt

8. Rely	 4.0 pt	 85 b	 20 d
9. Horizon (Jan 18)	 1.6 pt	 5 d	 7 d
10. Untreated	 0 d	 0 d

'Data based on visual evaluation of reduction in biomass.
2Data based on visual evaluation of reduction in seed set.
3Mean separation with Student-Newman-Keuls (P<0.05).
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Table 2. Effect of fall-applied herbicide applications November 2, 1996, alone or in combination
with additional applications as indicated below on 'Saber II' roughstalk bluegrass at Bob Houts
Farms near Madras, OR.

Treatments	 Rate	 Crop Reduction' 	 Yield Reduction2
December 6, 1997	 June 19, 1997 

(product/a)	 	 (%) 	

1. Sinbar	 0.5 lb	 7 c3	10 cd
+Karmex	 2.0 lb

2. Beacon	 0.76oz	 5 C	 17 cd
+Karmex	 2.0 lb

3. Sinbar	 0.5 lb	 7 C	 92 a
+Karmex	 2.0 lb
Beacon (Apr 23) 	 0.76 oz
+Karmex	 1.0 lb

4. Sinbar	 0.5 lb	 7 c	 63 b
+Karmex	 2.0 lb
Beacon (May16) 	 0.76 oz
+Karmex	 1.0 lb

5. Beacon	 0.38 oz	 3 c	 40 be
+Karmex	 2.0 lb
Beacon (May 16)	 0.38 oz
+Karmex	 1.0 lb

6. Sinbar	 0.5 lb	 5 c	 17 cd
+Karmex	 2.0 lb
Horizon	 1.6 pt

7. Rely	 4.0 pt	 95 a	 27 cd
+Goal	 0.5 pt

8. Rely	 4.0 pt	 88 b	 17 cd
9. Horizon (Jan 18)	 1.6 pt	 2 c	 5 cd
10. Untreated	 0 c	 0 d

'Data based on visual evaluation of reduction in biomass. 
	

2Data based on visual evaluation of reduction in seed set.
3Mean separation with Student-Newman-Keuls (P<0.05).
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Table 3. Effect of fall-applied herbicide applications November 2, 1996, alone or in combination
with additional applications as indicated below on 'Crest' Kentucky bluegrass at Boyle Farms
near Madras, OR.

Treatments	 Rate	 Crop Reduction'	 Yield Reduction2
December 6, 1997	 June 19, 1997 

(product/a)	 	 (%) 	

1. Sinbar	 0.5 lb	 7 c3	 0 b
+Karmex	 2.0 lb

2. Beacon	 0.76 oz	 3 c	 7 b
+Karmex	 2.0 lb

3. Sinbar	 0.5 lb	 7 c	 0 b
+Karmex	 2.0 lb
Beacon (Apr 23)	 0.76 oz
+Karmex	 1.0 lb

4	 Sinbar	 0.5 lb	 7 c	 10 b
+Karmex	 2.0 lb
Beacon (May16)	 0.76 oz
+Karmex	 1.0 lb

5. Beacon	 0.38 oz	 3 c	 10 b
+Karmex	 2.0 lb
Beacon (May 16)	 0.38 oz
+Karmex	 1.0 lb

6. Sinbar	 0.5 lb	 7 c	 0 b
+Karmex	 2.0 lb
Horizon	 1.6 pt

7. Rely	 4.0 pt	 95 a	 77
+Goal	 0.5 pt

8. Rely	 4.0 pt	 90 b	 70 a
9. Horizon (Jan 18)	 1.6 pt	 0 c	 5 b
10. Untreated	 0 c	 0 b

'Data based on visual evaluation of reduction in biomass.
2Data based on visual evaluation of reduction in seed set.
3Mean separation with Student-Newman-Keuls (P<0.05).

95



EVALUATION OF FUNGICIDES FOR CONTROL
OF ERGOT IN KENTUCKY BLUEGRASS, 1996

Marvin Butler, Steven Alderman, and Fred J. Crowe

Abstract

During the 1996 season fungicides evaluated for control of ergot (Claviceps purpurea) included
Punch (fusilazole), Tilt (propiconazole), Quadris (azoxystrobin), and Orthorix, along with
surfactants Penaturf, Sylgard 309, and a combination of Halt, sulfur, and copper in combination
with fungicides or as the second of a double application. The Powell Butte, Oregon, location was
infested with ergot at 1 sclerotia/ft2 on March 25, 1996. Because of low levels of ergot
infection at both locations, efficacy data was inconclusive.

Introduction

Ergot, caused by a fungus (Claviceps purpurea), is an important flower-infecting pathogen in
grass seed production regions of the Pacific Northwest. Of the grass species grown for seed in
Oregon, Kentucky bluegrass (Poa pratensis) is particularly affected by ergot. Traditional control
has been through open field burning, which has partially suppressed the disease.

Previous fungicide evaluations in central Oregon from 1992 through 1995 indicate excellent ergot
control with Punch (fusilazole), for which there are no plans for registration in the United States.
Suppression of ergot has been provided by Tilt (propiconazole) and Folicur (tebuconazole). As a
result of this research, and similar fungicide evaluations by William Johnston at Washington State
University, ergot suppression was added to the Tilt label in 1995 through a Special Local Need
24(c) Registration. Registration of Folicur for use on grass seed is expected.

Methods and Materials

During the 1996 season, fungicides evaluated for control of ergot were conducted in a
commercial field of 'Gnome' Kentucky bluegrass on the Agency Plains north of Madras, and in a
`Coventry' Kentucky bluegrass plot at the Central Oregon Agricultural Research Center, Powell
Butte, Oregon, location. The Powell Butte location was infested with ergot at 1 sclerotia/ft 2 on
March 25, 1996. Punch, Tilt, Quadris, and Orthorix were evaluated during the 1996 season.
Surfactants Penaturf, Sylgard 309, and a combination of Halt, sulfur, and copper were also
evaluated in combination with fungicides or as the second of a double application.

Plots 10 ft X 20 ft were replicated five times in a randomized complete block design.
Materials were applied using a 9-foot CO 2-pressurized boom sprayer with 8003 TwinJet nozzles
at 40 psi and 30 gal/a water. Sylgard 309 at 16 fl oz/100 gal and R-56 at 1 pt/100 gal were
applied in combination with all fungicides, except as indicated in the tables. Treatments were
applied at the Agency Plains location on June 5 and June 19, 1996 and at the Powell Butte site on
June 15 and June 26, 1996. The first treatments were applied at early anthesis on the Agency
Plains and at the initiation of anthesis at Powell Butte. Plots in the commercial field on the
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Agency Plains were covered with 4 mil polyethylene to prevent contamination during aerial
application of Tilt on June 18 and June 27, 1996.

One hundred panicle samples were randomly collected from each plot on July 8 on the Agency
Plains and July 15 at Powell Butte. Number of panicles with sclerotia, total sclerotia per sample,
panicles with honeydew, and seed weight were determined per sample for each plot.

Results and Discussion

The level of ergot infection at both locations was very low, making separation between control
provided by the different fungicide treatments difficult. Tilt at 8 oz/a and split 4 oz/a applications
provided the greatest control when evaluating panicles with sclerotia at the Agency Plains
location. Results for Quadris were mixed, with a trend for excellent control at the Powell Butte
location, but poor results on the Agency Plains. Weight per sample and percent germination were
unaffected by fungicide treatments.
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Table 1. Evaluation of fungicides applied for ergot control to 'Gnome' Kentucky bluegrass on the Agency Plains near Madras, OR,
1996.

Fungicide Rate of Product Panicles Total Sclerotia Weight Seed
Treatments June 5	 June 19 With sclerotia Per sample Per sample Germination

(fl oz/a) (no.) (no.) (g) (%)

Punch' 28 0.6	 ab 0.6	 b 5.7 85
Tilt' 8 0.4	 b 0.4	 b 5.6 84
Tilt + Penaturf 8 48 0.8	 ab 0.8	 b 5.5 84
Tilt + Silgard2 8 32 1.4	 ab 1.4	 ab 5.3 80
Tilt + Tilt' 4 4 0.4	 b 0.4	 b 5.8 69
Tilt + Tilt' 8 8 0.8	 b 0.8	 b 5.8 81
Tilt + Tilt° 8 8 0.6	 ab 0.6	 b 5.6 73
Tilt + Tile .' 6 6 0.8	 ab 1.0	 b 4.9 85
Tilt/Penaturf+ Tilt/Penaturf 8/48 8/48 0.8	 ab 1.0	 b 5.0 86
Tilt/Orthorix + Tilt/Orthorix' 8/64 8/64 1.0	 ab 1.2	 ab 5.7 74
Tilt/Halt + Tilt/Halt''' 8/16 8/16 1.2	 ab 1.2	 ab 5.4 78
Quadris + Quadris i '3 4 4 1.2	 ab 1.2	 ab 5.5 87
Untreated 2.6	 a 3.2	 a 5.0 87
LSD P<0.05 NS NS

'Silgard at 16 fl oz/100 gal and R-56 at 1 pt/100 gal applied with all treatments except Tilt + Penaturf, Tilt + Silgard and the arial
application of Tilt at 6 oz/a.
2 On the June l9'" application rate if product was fl oz/100 gal.
3Crop oil concentrate (COC) applied at 1% in combination with fungicides.
'Applied by air in combination with 8 oz/100 gal Celexone sticker in 10 gal/a water
'Includes 16 fl oz each of copper and sulfur products in combination with Halt on the June 5' h application.
Means in the same column with different letters are significantly different at P<0.05.
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Table 2. Evaluation of fungicides applied for ergot control to 'Coventry' Kentucky bluegrass at the Central Oregon Agricultural
Research Center, Powell Butte, OR, 1996. 

Fungicide
Treatments

Rate of Product Panicles
With sclerotia

Total Sclerotia
Per sample

Weight
Per sample

Seed
GerminationJune 15	 June 26

(fl oz/a) (no.) (no.) (g) (%)

Punch' 28 0.2	 b 0.4	 b 3.6	 a 88

Tilt' 8 1.2	 b 1.2	 b 3.9	 a 87

Tilt + Penaturf 8 48 0.2	 b 0.2	 b 4.1	 a 84

Tilt + Silgard2 8 32 0.8	 b 0.8	 b 4.1	 a 79

Tilt + Tilt' 4 4 0.6	 b 0.6	 b 3.6	 a 81

Tilt + Tilt' 8 8 0	 b 0	 b 3.8	 a 91

Tilt + Tilt" 8 8 0.2	 b 0.2 4.1	 a 86

Tilt/Penaturf + Tilt/Penaturf 8/48 8/48 0	 b 0	 b 2.4	 b 72

Tilt/Orthorix + Tilt/Orthorix' 8/64 8/64 0.2	 b 0.2	 b 4.1	 a 80

Tilt/Halt + Tilt/Halt l ' s 8/16 8/16 0.4	 b 0.6	 b 4.6	 a 82

Quadris + Quadris l '3
Untreated

4 4 0	 b
2.4	 a

0	
6.8	 a

4.4	 a
4.4	 a

80
83

LSD P<0.05 NS

'Silgard at 16 fl oz/100 gal and R-56 at 1 pt/100 gal applied with all treatments except Tilt + Penaturf, Tilt + Silgard.
2 On the June 26t11 application rate of product was fl oz/100 gal.
3Crop oil concentrate (COC) applied at 1% in combination with fungicides.
'Includes 16 fl oz each of copper and sulfur products in combination with Halt on the June 15111application.
Means in the same column with different letters are significantly different at P<0.05.



ROLE OF INSECTS IN THE DEVELOPMENT OF ERGOT IN KENTUCKY
BLUEGRASS GROWN FOR SEED IN THE PACIFIC NORTHWEST

Marvin Butler, Steven Alderman, Glenn Fisher, and William Johnston

Abstract

The relationship of insects to the spread of ergot (Claviceps purpurea) is of particular
concern because ergot is an important pathogen of Kentucky bluegrass. A survey was
conducted of insects active in seed-production fields of Pacific Northwest Kentucky
bluegrass (Poa pratensis) from anthesis to harvest. Locations included the Rathdrum
Prairie near Post Falls, Idaho, the Madras and Culver areas of central Oregon, and the
La Grande and Imbler areas of the Grande Ronde Valley, Oregon. Sampling methods
included use of sweep nets, Schun shaker, black light collectors, and soil samples. A
reference collection of insects by field and location was made using individuals collected
from sweep nets and black light collectors; it is being maintained at the Central Oregon
Agricultural Research Center, Madras, Oregon.

Introduction

An understanding of the interactive dynamics of the insect populations and their
association with ergot (Claviceps purpurea), is essential to development and evaluation of
control strategies. This is especially true in development of cropping systems where field
ecological relationships may vary among production systems, including nonthermal residue
management. Results of this study may be useful in understanding host insect interaction
or other disease-vector relationships.

For the 1996 season, the project focused on conducting a survey of insects active in seed
production fields of Pacific Northwest Kentucky bluegrass (Poa pratensis) from anthesis
to harvest. This study provides an important baseline from which to compare future
studies, both locally and regionally This information is an essential prerequisite to
understand the role of insects in current production systems in the Pacific Northwest. The
effect of alternative management approaches, e.g., nonthermal, on insect population and
species abundance is unknown. Of particular concern is the effect of nonthermal
management on populations of economically important insects, which impact the crop
directly or indirectly as vectors of plant pathogens.

The relationship of insects to the spread of ergot is of particular concern because this is an
important pathogen of Kentucky bluegrass. The current survey information will be
instrumental to identify of individuals fitting the profile for spore-carriers, which may have
a significant impact in the spread of ergot. To be initiated during the 1997 season is the
portion of the project involved with collecting and identifying individuals that carry spores
of ergot; this portion will include established methods for collecting insects as separate
individuals or groups to prevent cross-contamination.
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Methods and Materials

During 1996, nine fields of grass seed planted across the Pacific Northwest were sampled
at the initiation of anthesis and before harvest to identify insects active in the fields from
flowering through harvest. Three Kentucky bluegrass seed fields were sampled at each of
three locations: Rathdrum Prairie, Idhao, central Oregon and the Grande Ronde Valley,
Oregon. Sampling methods included the use of sweep nets, Schun shakers, black-light
collectors and soil samples.

Three sets of samples were collected from three field (cv. 'Shamrock', 'Midnight', and
Plush') near Rathdrum, Idaho on June 10-11, June 25 and July 8, 1996. Samples were
collected during flowering and prior to harvest from three locations (cv. 'Bristol' and
'Coventry') near Imbler, Oregon on June 12 and July 9-10, 1996. In central Oregon
samples were collected near Madras from the 'Coventry' field on June 17 and July 7, 1996
and from the 'Gnome' field June 7 and July 7, 1996. Samples from the 'Coventry' field
near Powell Butte, Oregon, were collected on June 21 and July 12, 1996.

Insect sweeps included 10 replications of 10 sweeps in an hour-glass pattern across the
field. Samples were stored in a cooler until being placed in a freezer to kill the insects.
Insects were manually separated from foreign material including pollen and seed. A
representative series of each insect type was pinned for each field and identified by
location and date of collection.

A Schun shaker with methyl ethyl ketone was used to collect smaller insects from grass
heads and foliage. Four, 1 ft2 samples were collected from the four quadrants of each field
and placed in the shaker. Insects were collected in a jar at the base of the shaker, then
transferred to vials containing ethyl alcohol. Identifications were made and numbers of
each insect type recorded.

Soil samples of 1 ft2 were also collected from the four quadrants of each field. Samples
were placed in zip-lock bags and refrigerated until placement in Berleze funnels. Samples
were collected at the base of the funnels in jars containing ethyl alcohol. Insects were
manually separated from soil particles and other material using 20, 40 and 60 mesh sieves,
then transferred to vials containing ethyl alcohol.

A black-light moth trap with a pest-strip fumigant was set in the center of each field at
dusk for collection of night-flying moths, with the exception of the first sample dates at
each location. A random sample of moths was retrieved the following morning from the
traps. A representative series of individuals from each location was mounted and
identified.

Results

Table 1 provides the order, family, common name and characteristics for insects collected
by sweeps across the sampling area. Of the 31 insect groups collected 13 are considered
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beneficial, 12 are considered pests, and 6 are considered neutral. Insect groups considered
economic pests on grass seed include wireworms (Coleoptera, Elateridae), pyralid moths
(Lepidoptera, Pyralidae), and cutworms/armyworms (Lepidoptera, Noctuidae). Some
insects not considered economic pests in Kentucky bluegrass are important pests of other
crops. With changes in management practices in Kentucky bluegrass, there is a potential
for changes in the spectrum of pests. Insect groups considered economically beneficial
include ladybird beetles (Coleoptera, Coccinellidae), minute pirate bug (Hemiptera,
Anthocoridae), big-eyed bug (Hemiptera, Lygaeidae), and the parasitic wasps
(Hymenoptera).

Insects collected from sweeps are identified by location and field cultivar in Table 2. One
hundred percent of the fields sampled contained predatory damsel bugs (Hemiptera,
Nabidae), ninety percent contained flies (Diptera) and leafhoppers (Homoptera,
Cicadellidae), over seventy percent had predaceous lady bird beetles (Coleoptera,
Coccinellidae) and lygus bugs (Hemiptera, Miridae), and sixty-two percent of the fields
contained predatory big-eyed bugs (Hemiptera, Lygaeidae). Trends of significant insect
groups indicate that the general predators, big-eyed bug and green lacewing, were more
prominent in central Oregon than the other growing areas. On the Rathdrum Prairie the
predatory ichneumon wasp was more abundant during the early collection and the minute
pirate bug numbers were high during the later collection.

Insects collected with the Schun shaker and soil samples are identified by location and
field cultivar in Tables 3 and 4, respectively. The predominent species across fields in the
three growing areas were aphid, leafhopper, and thrips.

Most of the moths captured in bluegrass fields in all areas were functional grass-feeders.
A few moths feeding on herbs or hardwoods were also captured, but these were probably
strays from outside the fields. The herb-feeders were likely straying from other crops or
weedy areas surrounding the grass field.

Of the grass-feeders, the most common species at all sites was Protagrotis obscura. This
is a generalized cutworm that feeds on both grasses and herbs. It is often extremely
abundant in agricultural lands throughout central and eastern Oregon but is scarce or
absent in natural habitats. This species was dominant at the 'Plush' and 'Shamrock' sites
on the Rathdrum Prairie and the 'Bristol' site in the Grande Ronde Valley. However, the
cutworm comprises less than half the moths at the 'Coventry' site in the Grande Ronde
Valley and the 'Coventry' site in Central Oregon.

In terms of species diversity, the Rathdrum prairie yielded only two species of moths,
while the Oregon sites yielded 4-6 species per site. With the exception of Protagrotis
obscura, all of the grass-feeding moths collected are typical of moist habitats, and are very
common in higher elevations of the Blue Mountains and Cascade Range. An interesting
feature of this moth fauna in bluegrass fields was the total absence of species found in
more desert grasslands such as the sagebrush-bunchgrass habitat.
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Table 1. Orders, families, common names and characteristics for insects collected by
sweeps, Schun shaker collection, and soil samples in Kentucky bluegrass seed fields on the
Rathdrum Prairie, in central Oregon, and in the Grande Ronde Valley.

Order 

Coleoptera

Collembolia

Diptera
Hemiptera

Homoptera

Hymenoptera

L epidoptera
Neuroptera
Odonata

Orthoptera
Plecoptera
Thysanoptera

Bruchidae
Carabidae
Chrysomelidae
Coccinellidae
Curculionidae
Elateridae
Ostomidae
Straphylinidae
Hypogastruridae
Isotmidae

Anthocoridae
Lygaeidae
Miridae
Nabidae
Rhopalidae
Scutelleridae
Aphididae
Cicadellidae
Delphacidae
Braconidae
Chalicididae
Cynipidae
Ichneumonidae
Pyralidae
Chrysopidae
Coenagrionidae
Lestidae
Acrididae

Thripidae

Seed beetles
Ground beetles
Leaf beetles
Ladybird beetles
Snout beetles (weevils)
Click beetles (wireworms)
Bark-gnawing beetles
Rove beetles
Springtails
Springtails
Flies
Minute pirate bug
Seed bugs (big-eyed bug)
Leaf or plant bug (lygus)
Damsel bug
Scentless plant bugs
Shield-backed bugs
Aphids
Leafhoppers
Delphacid planthoppers
Braconid wasps
Chalcidid wasps
Cynipid wasps
Ichneumon wasps
Pyralid moths
Green lacewings
Damselflies
Damselflies
Grasshoppers
Stoneflies
Thrips

Pests attacking beans and peas
Predaceous beneficials
Many are serious pests
Adults, larvae are predaceous
Plant feeders, serious pests
Mixed group, root-feeding larvae
Most innocuous, some grain feeders
Most predators, some scavengers
Most are harmless to crops
Most are harmless to crops
Mix of beneficials and pests
Predaceous beneficials
Both predators and pests
Feed on plants, some serious pests
Predators
Plant feeders including Boxelder bug
Plant feeders
Most serious pests, some vectors
Many serious pests, some vectors
Plant feeders
Parasitic larvae
Parasitic larvae
Some parasitic, some gall-forming
Parasitic on many noxious insects
Many pests of cultivated plants
Adults, larvae feed mostly on aphids
Predators
Predators
Many important pests
No economic importance
Most economic pests

Family
	 Common Name	 Characteristics
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field cultivar during the 1996 season.Table 5. Moths collected from black light traps in Kentucky bluegrass seed fields by location and  
Rathdrum Prairie, ID

Shamrock	 Plush
7-8	 7-8 

Central OR
Coventry

7-12 

Grande Ronde Valley, OR 
Bristol	 Coventry

7-9	 7-10
Genus species Characteristic  

Agroperina dubitans
Agroperina lateritia
Aletia oxygala
Amphipyra tragopoginis
Apamea amputatrix
Caenurgina erechtea
Crymodes devastator
Leucania farcta
Malacosoma californica
Melanchra picta
Oligia violacea
Paonias excaecatus
Protagrotis obscura
Smerinthus cerisyi
Xestia dolsa

grass feeder
grass feeder
grass feeder
herb feeder
grass feeder
herb feeder
grass feeder
grass feeder
hardwood feeder
herb feeder
unknown
hardwood feeder
grass feeder
grass feeder
herb feeder

x
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