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Introduction

Central Oregon Agricultural Research Center's (COARC) staff is pleased to present this
summary of our research activities conducted during 2000. Our research activities are in a large
part based on mutually identified high priority problems and opportunities facing agriculture. It
is with special thanks that we acknowledge the large number of growers, industry personnel and
others who have assisted and helped us focus our research efforts.

The agricultural industry in Central Oregon faces a changing mix of crops as old standby crops
leave the area. Decreasing demand, low prices, and crops "diseased out" are challenges that we
all face. To assist in this shift, more resources of COARC are devoted to potential new crops.
We are pleased that the 2000 Oregon Legislature funded a research assistant position for cereals
and cropping systems. This new position has added focus and clarity to portions of our research.

Obtaining funding from Federal and State governments to support COARC is a continuing
problem. As those funds have become more limited we have made an increasing effort to seek
grants and other outside funding to support research and operations. Central Oregon's
agriculture is a unique mix of specialty crops, many of which are not supported by commodity
organizations often do not meet the guidelines for grants. Obtaining research support for this
unique mix of crops and for screening potential new crops requires innovative writing and
searching for new funding sources.

Our research reports acknowledge 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 and tolerate the inconvenience caused by research. Their
efforts are deeply appreciated. In addition, the agricultural industry has been responsive to
requests for support and assistance and has freely shared observations. This has been valued
information.

Many of our research activities are joint projects with other Branch Stations and researchers at
Oregon State University or at other research institutions. It is with this large pool of cooperation
and collaboration that we have been able to support our efforts, which is much greater than just
the sum of our resources alone.

For those who have access to the Internet, we invite you to view our home page at
http://www.orst.edu/dept/coarc. Not only will you find this publication but also you will find
summaries of past research projects and other information. We welcome any comments you
might offer on how we can make the web page more useful.

Special thanks go 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, special appreciation goes to the support that Crook, Deschutes, and Jefferson county
governments 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 are increasing, we can be proud of the
dedication from staff for all we have accomplished.

Clint Jacks
Superintendent
Central Oregon Agricultural Research Center
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WEATHER INFORMATION: 2000 WATER YEAR, POWELL BUTTE, OREGON (SOURCE: AGRIMET)

OCT	 NOV DEC JAN FEB	 MAR APR MAY JUN	 JUL	 AUG SEP
AIR TEMPERATURE (°F)

Avg. Maximum 65	 56 43 40 45	 51 62 64 76	 79	 79 72
Avg. Minimum 33	 37 26 25 29	 26 32 37 40	 44	 42 39
Mean 48	 46 34 33 37	 39 47 51 60	 63	 62 55

AIR TEMP (no. of days)
Max. 90°F or Above 0	 0 0 0 0	 0 0 0 0	 1	 0 2
Max. 32°F or Below 0	 0 5 5 1	 0 0 0 0	 0	 0 0
Min. 32°F or Below 17	 11 25 29 23	 28 13 8 1	 0	 2 7
Min. 0°F or Below 0	 0 0 0 0	 0 0 0 0	 0	 0 0

SOIL TEMP (°F at 4 in.)
Avg. Maximum 53	 46 38 35 39	 43 51 59 63	 66	 69 61
Avg. Miniumum 48	 44 37 35 37	 39 46 54 59	 62	 64 57

SOIL TEMP (°F at 8 in.)
Avg. Maximum 50	 43 37 34 36	 39 47 57 61	 63	 64 59
Avg. Miniumum 47	 42 36 33 34	 37 45 54 58	 60	 61 57

PRECIPITATION (in.)
Monthly Total 1.6	 0.9 0.4 1.5 3.2	 1.0 0.8 1.2 0.2	 0.2	 0.1 0.4

EVAPORATION (in.)
Daily Avg. 0.13	 0.08 0.04 0.03 0.04	 0.09 0.15 0.20 0.30	 0.29	 0.27 0.17

WIND SPEED (mph)
Daily Avg. 4.1	 6.0 4.7 4.8 4.3	 5.0 9.0 5.3 5.0	 4.0	 3.8 3.9

SOLAR RADIATION (langley)
Daily Avg. 303	 142 113 123 166	 341 454 525 652	 631	 593 412

HUMIDITY (% relative humidity)
Daily Avg. 56	 63 78 81 84	 69 64 61 48	 55	 51 58

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

32°F or Below Jun 1 Aug 27 87
28°F or Below May 31 Sep 24 116
24°F or Below May 6 Sep 24 141



WEATHER INFORMATION: 2000 WATER YEAR, MADRAS, OREGON (SOURCE: AGRIMET)

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
AIR TEMPERATURE (°F)

Avg. Maximum 64 53 43 38 44 52 63 66 78 82 83 73
Avg. Minimum 36 37 30 26 32 30 36 41 45 49 48 45
Mean Temp. 49 45 36 32 37 41 50 54 62 66 66 59

AIR TEMP (no. of days)
Max. 90°F or Above 0 0 0 0 0 0 0 0 2 5 8 0
Max. 32°F or Below 0 0 7 10 0 0 0 0 0 0 0 0
Min. 32°F or Below 10 8 20 26 17 25 7 4 0 0 0 2
Min. 0°F or Below 0 0 0 0 0 0 0 0 0 0 0 0

SOIL TEMP (°F at 4 in.)
Avg. Maximum 55 49 42 39 41 44 52 59 66 71 72 67
Avg. Miniumum 52 48 41 38 39 42 49 56 63 68 69 64

SOIL TEMP (°F at 8 in.)
Avg. Maximum 55 50 43 39 41 44 51 55 61 66 67 62
Avg. Miniumum 54 49 43 39 40 43 49 54 59 64 66 61

PRECIPITATION (in.)
Monthly Total 1.8 0.9 0.2 2.7 4.7 0.5 0.3 0.3 0.01 0.2 0.1 0.6

EVAPORATION (in.)
Daily Avg. 0.1 0.05 0.02 0.02 0.03 0.08 0.15 0.21 0.33 0.32 0.28 0.18

WIND SPEED (mph)
Daily Avg. 4.2 5.8 5.8 5.1 4.1 5.0 5.2 6.0 5.8 4.4 4.2 5.1

SOLAR RADIATION (langley)
Daily Avg. 306 131 93 112 143 315 467 572 747 714 598 425

HUMIDITY (% relative humidity)
Daily Avg. 58 75 80 86 88 69 62 58 47 51 46 55

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

32°F or Below May 31 Sep 23 115
28°F or Below Apr 29 Sep 23 147
24°F or Below Apr 24 Sep 23 152
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FUNGICIDE SCREENING FOR CONTROL OF
VERTICILLIUM WILT OF PEPPERMINT

Fred Crowe and Robin Parks

Abstract

The ability of selected modern fungicides and other products to reduce Verticillium dahliae
growth and disease development was tested. In the laboratory, the fungicides Quadris (active
ingredient: azoxystrobin), Benlate (a.i.: benomyl), Vanguard (a.i.: cyprodinil), and Folicur
(a.i.: tebuconazole) were added to an agar medium in different concentrations and the growth
of V dahliae was measured. All products inhibited mycelial growth in vitro although a linear
relationship was not always detected. All products inhibited growth at relatively low
concentrations. The effective dosage to reduce fungal growth by 50 percent ranged from
0.001 to 0.261 g a.i./1 water. In the greenhouse, the same fungicides and several additional
materials were drenched onto potted peppermint planted in V dahliae-infested soil. The
additional materials included Actigard (a product that elicits plant defense responses), a very
low rate of Vapam fumigant, and Acid Replacement Solution (ARS), a product that is
purported to adversely influence soil pathogen growth, but not plant growth, by altering the
pH of the water. No wilt symptoms developed in the plants, including infested pots left
untreated, so this trial was inconclusive. However, for some products, there was a treatment
effect on dry biomass weight at harvest that may have been caused by phytotoxicity at the
tested application rates. Folicur, Vanguard, and ARS were applied in the field in May 2000,
in established mint, which had experienced moderate wilt in previous years. Folicur and ARS
likely move into soil with irrigation water, but there was no prior information available on
the mobility of Vanguard. Regardless, there was no evidence that any of the products
affected mint growth or reduced wilt severity in the field.

Introduction

Verticillium dahliae, the causal agent of Verticillium wilt of many crops, survives in soil as
dormant, persistent microsclerotia. Microsclerotia germinate and form actively growing
mycelium (strand-like mold) and conidial spores that infect root surface cells of many
(perhaps most) plant species, or directly invade root wounds. V. dahliae infections may be
limited to root surface cells, in which case relatively few microsclerotia and no pathogenic
symptoms are produced. Infection of the root tips may lead to invasion of vascular tissues.
Systemic infections may develop as the fungus proliferates and as conidia are passively
carried with the upward transpiration flow. If the strain of V dahliae is pathogenic to mint,
the mint plant may develop wilt symptoms and die prematurely. The fungus invades other
tissues and may form abundant microsclerotia, especially in stem tissue.

For mint species specifically, Verticillium wilt results from (a) infection of roots by
microsclerotia in soil, or (b) carryover infections in rhizomes from season to season and/or
from field to field. Rootstock dug from infected fields undoubtedly carries the fungus along
in soil and plants.
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The objectives of this research were to address the possibility of using modern fungicides to
manage wilt. It is worth noting first, however, that there are several forms of systemic
movement of chemicals in plants: (1) Active movement from cell to cell, across membranes
and involving metabolic processes (symplastic), Many or most chemicals must negotiate
active cell regulation of such movement. When most agricultural products are described as
"locally systemic," systemic activity is limited to such cell-to-cell movement and may not
develop throughout the plant. A "non-systemic" product is not actively passed from cell to
cell. Long-distance movement of chemicals in plants usually occurs via the sugar-transport
system, which also requires active cell metabolism to occur. If a product moves downward
to any extent, it is fully systemic in this manner. (2) Passive movement through cell walls,
intercellular spaces and via the water-conducting system of xylem tissues (apoplastic).
Because the xylem in roots is separated from soil by living cells, water and nutrients enter the
xylem by diffusion through cell walls and between cells. This movement is not actively
regulated. Verticillium may grow into the xylem near to the root tip, but is excluded by a
protective layer (casparian strip) in more mature roots. Once in the xylem, chemicals and
Verticillium spores move passively upward in the plant, although the flow rate is regulated by
openings in the foliage that allow inflow and outflow of gases in leaf spaces. Conidia of
Verticillium may lodge at periodic cellular constrictions, and the plant may respond to the
presence of Verticillium by forming anti-fungal compounds and plugs. This interaction leads
to wilt symptoms.

The possibility of using fungicides to control Verticillium wilt was considered seriously
when the early era systemic products were introduced. Such products included benomyl,
triadimephon, triforine, and iprodione, which appeared in the late 1960's and 1970's. A good
overview of this work was published by Erwin (1973); other overviews include those by
Edgington (1981) and Edgington et al. (1980). The following discussion borrows heavily
from these citations, especially Erwin (1973).

Systemic fungicides applied to soil, seed, and roots typically gain access to xylem and
passively are translocated upward. A fungicide caught up in the transpirational stream may
only briefly disrupt the activity of V. dahliae, but this is not clear. For products applied to
foliage, only a fraction crosses the waxy surface layer into cells, and movement thereafter is
primarily symplastic, from cell to cell via phloem. Some fungicides seem able to move
gradually down the plant from leaves, periodically re-entering the transpirational stream
along stems and being shunted upward again. Such downward translocation of fungicides in
the phloem (symplastic) is poorly documented. Fungicides might similarly move inward
from stem surfaces into the xylem. Metabolizing cells next to the xylem (the xylem
parenchyma) can pull water and chemicals from the transpirational stream and insert them
also into the xylem. These tissues react to the presence of V. dahliae by producing anti-
fungal compounds and xylem plugging materials.

Some modern products being developed for use against fungi are not true fungicides at all,
but instead induce one or more plant defense systems to fight off fungal and/or other pest
ingress. These defense mechanisms are collectively termed Systemic Acquired Resistance, or
SAR (Kessman et al. 1994). For at least one SAR product (Actigard, Novartis Corp.), and
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perhaps all SAR products, such defense responses seem to be downwardly translocated in
plants, although probably not in the xylem as discussed above (A. Talley, Novartis Corp.,
personal communication). Chemically induced SAR might provide some measure of
protection against root infection, or (less likely) protection in the xylem itself. However, if
SAR products access the xylem, they may aggravate wilt by elevating the plant's formation
of anti-fungal chemicals and plugging materials. Not every SAR product elicits sufficient
responses against every disease. In most cases SAR activity diverts energy away from other
plant metabolic processes toward defense responses, so the products cannot be applied too
frequently without disrupting normal plant growth and development. Also, such products
possibly could aggravate wilt symptoms.

There are at least four ways a chemical could prevent or reduce V. dahliae infection or
symptom development. For an applied chemical product to be effective it must (1) prevent
root infection near the root tip, (2) enter the xylem via roots, stems, or leaves and be present
long enough in the stem xylem to stop or retard activity of V dahliae, (3) induce plant
defense systems to prevent root infection; or (4) block plant defense systems involved in wilt
symptom development, either from access within the xylem or from cells surrounding the
xylem, essentially forcing the plant to not respond to infection.

While other products were similarly tested and yielded similar results, the most extensive
examples of early testing of systemic fungicides against Verticillium wilt were with the
benzimidazoles (benomyl, TBZ, MBC, thiophanate products, etc.) on cotton, potato, tomato,
strawberry, and other crops. The following comments came from a review by Erwin (1973).
Verticillium wilt could be controlled by benzimidazoles when applied to soil, depending on
rate of application and distribution in soil. Products were found in leaf tissue following
translocation through the xylem, and some products lasted 5-6 months in soil. For deep-
rooted crops such as cotton, it was difficult to provide product to most roots. Shallow-rooted
crops imposed less of a problem. Unfortunately, rates of application were cost-prohibitive.
Benzimidazole prevented root infection and impacted systemic activity of the Verticillium
fungus. Combinations of seed, soil, and foliage treatments provided control, but again were
not economically feasible. Adjuvants to increase mobility in soil and across foliage cuticles,
and chemical modification of the fungicides themselves sometimes increased activity of the
benzimidazoles. As products moved through plants, most ended up in leaves, near to veins,
although some evidence for symplastic recycling was found. For products applied to foliage,
stem applications were more effective against vascular wilts than were applications to leaves,
although with benzimidazoles control of wilt was difficult to achieve with either treatment.

There are few if any data since the early 1970s, that re-visit these issues; thus modern
products remain untested to our knowledge. V. dahliae, while causing widespread and severe
plant losses, is not one of the diseases against which product manufacturers themselves test
any new fungicides. However, several modern fungicides are highly effective against the
group of fungi that includes V. dahliae. Some last relatively long in plants or soil, some are
relatively mobile in soil, and some are relatively more mobile symplastically in plants. For
example, the triazole group of fungicides (e.g., Folicur, a.i. tebuconazole, Bayer Corp.) can
move in soil and might be worth considering for soil incorporation or soil drench or injected
into drip irrigation lines (K. Noegle, Bayer Corp., personal communication) to control root
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and rhizome infection by V. dahliae. The new strobilurin materials (e.g. Quadris, a.i.
azoxystrobin, Zeneca) are highly effective and systemic in plants, although it is unclear
whether these materials enter the xylem. They persist in plants probably only a few weeks
after application. They do not move readily in soil. It would be worth determining whether
spraying foliage and stems might provide some activity against systemic V dahliae
infections or symptoms. There are new fungicides worth considering in addition to the
triazoles and strobilurins.

Materials and Methods

Laboratory: A mint isolate of V. dahliae was used in this study. Materials tested were
azoxystrobin supplied as Quadris F (Zeneca), benomyl supplied as Benlate SP (DuPont),
cyprodinil supplied as Vanguard WG (Novartis), and tebuconazole supplied as Folicur 3.6F
(Bayer Corp.). The concentrations evaluated were 0.0, 0.1, 1.0, 10.0, and 100.0 ppm of active
ingredient in an agar medium. Stock suspensions of fungicides were prepared with sterile
deionized water. To obtain the needed concentrations, specific aliquots of each suspension
were added to potato dextrose agar (PDA) after it was autoclaved and cooled to 50° C. The
amended media was poured into 10-cm-diameter petri dishes. Inoculum consisted of 5-mm
plugs of agar and mycelium taken from actively growing cultures of V. dahliae on PDA.
Inverted plugs were placed onto the test medium in the center of the dishes. Each
concentration was replicated five times for each chemical. The dishes were stacked in blocks
and incubated at room temperature in the dark. Radial growth was measured after 7 days.
Microsclerotia development was observed after 11 days. The experiment was performed
twice.

Mycelial growth was compared with growth on unamended PDA. The percent inhibition in
growth was calculated and plotted as a function of the logarithm of fungicide concentration.
Simple linear regression using PROC REG of SAS version 7.0 (SAS Institute 1988) was
performed to fit a line to the points and determine the effective dosage of active ingredient
that causes a 50 percent reduction in radial growth (ED5o)•

Greenhouse: Rooted cuttings of peppermint var. Black Mitcham were planted in potting soil
infested with a mint isolate of V. dahliae. The inoculum was produced in the laboratory by
growing V. dahliae on a modified, minimal agar (Puhalla 1979) overlain with sterile,
uncoated cellophane. After a 3-wk incubation, microsclerotia were harvested by blending the
cellophane in sterile water and washed on a 38 i_tm sieve. The dried concentrated inoculum
was ground with sterile sand with a mortar and pestle. The concentration of microsclerotia/g
inoculum was estimated and a specific quantity was added to potting soil and mixed in a
cement mixer to achieve 10 microsclerotia/g potting soil. Two cuttings were planted in each
10-in-diameter pot. A control treatment was inoculated but not treated with any product. The
materials tested included the fungicides Benlate SP (DuPont), Folicur 3.6F (Bayer Corp.),
Quadris F (Zeneca), and Vanguard WG (Novartis Corp.); the SAR material Actigard; an
Acid Replacement Solution (ARS) (HPT Research, Inc.); and the fumigant Vapam. After
pre-drenching the pots, the fungicides were applied at rates equivalent to registered field rates
(Table 1). Benlate was mixed with potting soil 1 day prior to planting and the other materials
were sprayed onto the foliage 1 wk after planting. Vapam was applied at 3 gal/acre, a rate
found to be subphytotoxic on some crops (W. Strange, AMNAC, personal communication).



ARS was applied as per the manufacturer's suggested rate: the equivalent of 10 oz/200 ft2
was initially drenched onto pots. Immediately following treatment, the pots were liberally
watered to simulate irrigation. The treatments were replicated five times for a total of 40
pots. The pots were arranged on a greenhouse bench in a randomized complete block design.

Within 1 wk of treatment, the plants were assessed for foliar damage. Beginning 8 wk after
planting, wilt symptoms were assessed weekly for 5 wk. Plants were cut at the soil line to
measure dry biomass 13 wk after planting. The plants were allowed to regrow for 5 wk and
wilt symptoms were monitored.

Response variables underwent an analysis of variance using the general linear model, PROC
GLM, of SAS, version 7.0 (SAS Institute 1988). Means were separated by Fisher's protected
least significant difference (LSD) test.

Table 1. Products tested for inhibition of Verticillium wilt of peppermint var. Black Mitcham in a greenhouse
trial, Oregon State University – Central Oregon Agricultural Research Center, Madras, Oregon, 2000.

Product Type of product
Registered
field rate

Applied
greenhouse rate
(product per 50gal/acre)

Benlate SP Fungicide 10 mg ai/800 g soil 0.04 g
Folicur 3.6F Fungicide 1 L/ha 0.003 ml
Quadris F Fungicide 8 ozJ3,000 ft2 0.27 ml
Vanguard WG Fungicide 1000 g/ha 0.03 g
Actigard SAR 1 oz/acre 0.0002 g
Acid Replacement Solution Alters pH 10 oz/200 ft2 5.12 ml
Vapam Fumigant 3 gal/acre 0.9 ml

Field: A preliminary field trial was established in a field of peppermint variety M83-7
exhibiting moderate Verticillium wilt symptoms near Madras, OR. The materials tested
included Folicur 3.6F, Vanguard WG, and ARS (Table 2). Plots were treated in early May
2000. An untreated control was also included. Plots were 10 x 20 ft. Each treatment was
replicated five times in a randomized complete block design.

Lodging and the mean height of 10 randomly selected plants per plot were measured in early
July. Wilt severity was estimated based on the number of wilt strikes in each plot counted in
early July. Due to a miscommunication with the grower, harvest was not taken. Response
variables underwent an analysis of variance using the general linear model, PROC GLM, of
SAS, version 7.0 (SAS Institute 1988). Means were separated by Fisher's protected least
significant difference (LSD) test.
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Table 2. Products tested for inhibition of Verticillium wilt of peppermint in a grower's field near Madras,
Oregon, 2000.

Product
	

Applied field rate (amount product)a

Folicur 3.6F
	

14.2 oz/acre
Vanguard WG
	

0.89 lb/acre
Acid Replacement Solution	 10 oz/acreb

aAll products applied in 28.6 gal/acre or 258 L/ha, immediately prior to irrigation with 1.65 inches of water.bAs per manufacturer's suggestion we used this amount instead of 2 oz/gal H20 sprayed. We attempted to
achieve a pH in water of 1.5-2.0 or lower, including irrigation water.

Results and Discussion

Similar results were obtained in both laboratory experiments. For simplicity, only the results
from the first experiment are shown. Benomyl was included simply as a practical control
because it had shown high activity against V dahliae in studies performed in the 1960's and
1970's, even though it was found not to move in soil. All products tested inhibited mycelial
growth of V. dahliae; however the ED50 values for azoxystrobin, benomyl, and tebuconazole
were 98 to 100 times higher than cyprodinil (Table 3). Similarly, more growth was observed
at the highest concentration of cyprodinil compared with the other products (Fig. 1 C).
Mycelial growth was reduced as concentration of active ingredient increased for all products.
Linear regression equations for each fungicide are given in Table 2. Because mycelial
growth was inhibited dramatically at a low concentration of benomyl (Fig. 1B), there was no
evidence (r2 = 0.5990) of a linear relationship between growth and this active ingredient at
these concentrations. Microsclerotia development was observed at all concentrations that
allowed mycelial growth. From these preliminary tests, there is evidence that all products
tested reduce the growth of V dahliae.

Table 3. In vitro inhibition of Verticillium dahliae by azoxystrobin, benomyl, cyprodinil, and tebuconazole
(percent inhibition [Y] as a function of log io of concentration [X]). Experiment 1.

Active ingredient Brand name Linear regression
Correlation
coefficient

ED508
(g ai/L H20)

Azoxystrobin Quadris F Y = 0.46 – 0.22X 0.9049 0.001
Benomyl Benlate SP Y = 0.43 – 0.33X 0.5990 0.001
Cyprodinil Vanguard WG Y = 0.78 – 0.12X 0.7126 0.261
Tebuconazole Folicur 3.6 F Y = 0.72 – 0.36X 0.9569 0.004

The effective dosage that causes a 50 percent reduction in radial hyphae growth.

In the greenhouse, no wilt symptoms were observed on any of the plants even after 18 wk.
Stems from the plots of one block were plated on a semi-selective agar but V. dahliae was
not recovered even from the untreated control. This suggests that the microsclerotia
inoculation did not result in enough of an infection to induce symptom development.
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Although microsclerotia inoculum produces a more natural infection than dipping roots in a
suspension of V dahliae conidia, it is more difficult to establish systemic infection. In our
experience in past greenhouse experiments, wilt symptoms are evident in microsclerotia-
infected mint 10-12 weeks post-planting. However, data on foliar damage following product
application and growth were obtained. The Vapam treatment caused significant (P = 0.0052)
foliar discoloration compared to the other products tested (Table 4). Dry weights at 13 wk
post planting differed significantly (P = 0.0002) among the treatments (Table 4). Plants
treated with Actigard, ARS, Vanguard, Quadris, and Vapam weighed the most, respectively;
plants treated with Benlate and Folicur weighed the least. This effect on plant growth was
surprising considering little or no foliar damage was visible for most treatments following
application. If these differences in weight are due to phytotoxicity, it may be that the rate
applied was higher than is optimal for mint. Because no wilt symptoms were observed, there
is no evidence whether these products may affect Verticillium wilt in mint.

Table 4. Foliar damage rating and dry hay weight from Verticillium wilt fungicide trial in a greenhouse trial,
Oregon State University, Central Oregon Agricultural Research Center, Madras, Oregon 2000.

Treatment Foliar damages Dry hay (g)

Untreated 0.0 Bb 84.3 A

Actigard 0.0 B 74.4 AB

Acid Replacement Solution 0.0 B 72.9 AB

Benlate 0.0 B 35.2 D
Folicur 0.2 B 46.3 CD
Quadris 0.2 B 71.6 AB
Vanguard 0.2 B 71.8 AB

Vapam 1.4 A 65.2 BC

P-value` 0.0139 0.0006
Treatment 0.0052 0.0002
Block 0.4004 0.1919

'Foliar damage ratings: 1 = slight discoloration of a few leaves, 2 = discoloration of many leaves,
3 = discoloration and/or scorching of at least one-half of plant, 4 = discoloration of most leaves, 5 = dead.

bMeans followed by the same letter are not significantly different at P � 0.05 according to Fisher's
protected least significant difference (LSD) test.

`Probability of obtaining F 5 0 os.

Neither peppermint growth nor wilt severity was different among the treatments in the trial
located in a grower's field. The percent lodging and stem height did not differ among the
treatments (Table 5). Verticillium wilt severity was similar among the treatments as well
(Table 5).
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Table 5. Peppermint growth and Verticillium wilt severity in a fungicide trial located in a grower's field
near Madras, Oregon, 2000.

Product
7 Jul
% Lodging

7 Jul
Stem height (cm)

7 Jul
Wilt severity
(no. strikes/200 ft2)

Untreated 50.0 67.9 2.20
Folicur 52.0 68.6 2.40
Vanguard 52.0 67.4 2.50
Acid Replacement Solution 39.0 65.9 2.60

P-va1uea 0.4420 0.0370 0.7089
Treatment 0.6851 0.3297 0.6372
Block 0.2697 0.0168 0.6067

'Probability of obtaining F�0 os.

Conclusions

Clearly, some or all of the fungicides tested were effective directly against V. dahliae in
laboratory tests on agar. In the greenhouse and field tests, no products proved effective, but
test results were inconclusive. The greenhouse test was inconclusive because no wilt
occurred in potted peppermint. Interestingly, several products negatively influenced mint
growth in the greenhouse test. Originally, the greenhouse test was intended to provide the
most conclusive data on product potentials. In the field, none of the products decreased wilt
levels or enhanced mint growth. But the field test was intended to provide only
supplementary data, at best, because it is not clear that a single application is sufficient or
when is the best timing for one or more applications. Probably most disappointing was the
inconclusive data for the product Folicur, which has been shown to influence other soil
diseases when drenched onto soil (F. Crowe, personal observations). Yet, that effect may
have been achieved rather shallow in the soil profile, perhaps more shallow than might be
required to influence root infection by V dahliae.
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Figure 1. Linear regressions relating the proportion of in vitro Verticillium dahliae radial
colony growth to the amount of azoxystrobin (A), benomyl (B), cyprodinil (C), or
tebuconazole (D) in potato dextrose agar, compared to an untreated control. Experiment 1.
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INVESTIGATION ON STRAIN BEHAVIOR OF VERTICILLIUM DAHLIAE ON
MINT AND OTHER CROPS

Fred Crowe, Robin Parks, and Mary Powelson

Abstract

Recent greenhouse studies with Verticillium dahliae mint isolates demonstrated that about 80
percent of the isolates were highly pathogenic to mint, and about 20 percent were only mildly
pathogenic. V dahliae from non-mint hosts (potato, echinacea, maple, cauliflower, and
strawberry) generally did not incite wilt in mint. Instead, the mints sometimes grew more
robustly by 20-200 percent in their presence (Crowe and Farris 1999). However, there were
exceptions in which non-mint isolates incited mild to severe disease symptoms. In a 1999
greenhouse trial, mint and potato strains of V. dahliae were added to soil in pots planted with
alfalfa, dry bean, red clover, sweet corn, ryegrass, wheat, potato, and mint. Roots of all plant
species were colonized by mint and potato strains; however, the potato strain tended to
colonize all plants more abundantly. A stem population assay was inconclusive because of
contamination during the assay procedure. The greenhouse experiment was repeated in 2000
with modified assay procedures. As in 1999, the V. dahliae isolates did not affect the stem
height or biomass weight of any of the plants tested. Similarly, senescence of the plants was
not affected by either isolate. The mint isolate caused wilt symptoms only in mint. Yet both
isolates colonized roots of all plant species. As in 1999, the potato isolates colonized roots of
all plants more abundantly than the mint isolate, including mint. Both mint and potato
isolates were recovered from mint and potato stem tissue. The mint isolate tended to be
recovered more abundantly from mint tissue, and significantly more potato isolate colonies
were recovered from potato tissue. Both isolates were recovered from stem tissue of alfalfa,
dry bean, red clover, and ryegrass, but at low levels that were not statistically significant.
There is no strong evidence from this greenhouse study to suggest that the mint or potato
isolate of V. dahliae reproduces in stem tissue of non-hosts.

Introduction

Verticillium dahliae causes wilt on many different types of plants. Strain specificity of V.
dahliae is a term used to associate pathogenic forms of the fungus with host specificity. For
example, forms of the fungus that cause disease on mint may not elicit disease on potatoes,
and forms of the fungus that attack potatoes may be benign when they infect mint. Some
strains preferentially attack certain varieties or cultivars within a species, such as in cotton or
tomatoes. Earlier, we determined in the greenhouse that mint-aggressive strains of V. dahliae
do not vary substantially in their variety and/or species preferences within cultivated mints
(Crowe and Farris 1999). We also determined in the greenhouse that isolates of V. dahliae
recovered from non-mint hosts were limited in their ability to incite wilt symptoms on mint.

The concept of strain specificity needs to be qualified with respect to V. dahliae. There is
evidence that most strains can infect root surface cells of most plants. There is limited and
preliminary evidence from the field (discussed further below) that strains which do not cause
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symptoms may nevertheless systemically invade stems and even reproduce at modest levels
in the stems of non-host plants, although with diminished capacity compared to strains
pathogenic on that plant host (Davis et al. 2000). Further, there is evidence that many strains
may also cause mild to extensive vascular discoloration of non-host roots (Bhat and
Subbarao 1999). Specificity, then, may refer strictly to an absolute or relative capacity of a
strain to cause wilt symptoms or other symptoms and reproduce at high levels in the
preferred host plant.

Do the isolates or strains that attack mint also cause disease on other plants? What is the
reproductive capacity of mint strains in non-mint plants that manifest no symptoms?
Similarly, are mint plants being infected by non-mint strains and allowing inoculum increase
in soil? Answers to these questions could substantially influence crop rotation decisions.
Nelson (1950) and Horner (1954) suggested that mint and other strains of V. dahliae might
reproduce in non-hosts, but little information, other than that provided by Green (1967) with
corn, potatoes, and canary grass, has been available to consider crop rotational influences.
Cauliflower isolates of V. dahliae caused various degrees of wilt on a wide range of crops
from artichoke to watermelon in the greenhouse. And alternately, the isolates from that same
range of crops induced wilt on cauliflower (Subbarao et al. 1995). Recent investigations
(Davis et al. 2000) suggest that potato strains of V. dahliae can reproduce significantly in
stems on a wide variety of broad-leafed and grass hosts without causing wilt symptoms. It
remains unclear whether the range of non-hosts in which mint strains of V. dahliae might
reproduce is similar to that of potato or other strains.

We envisioned 1999 and 2000 as years to develop techniques and gather preliminary data
toward answering these questions. In general, these answers are relevant to crop rotational
issues for mint and other crops.

Materials and Methods

Alfalfa (var. Henricks) dry bean (var. Ember) solid red clover, corn (var. Golden Cross
Bantam Fl) peppermint (var. Black Mitcham), potato (cv. Russet Norkotah), ryegrass, and
white spring wheat (var. Dirkwin) were selected. All plants were grown from true seed
except mint, which was transplanted as rooted cuttings, and potatoes grown from cut seed
tubers.

V. dahliae microsclerotia inoculum of a mint strain and a potato strain was grown on agar
plates overlain with cellophane (Puhalla, 1979). Ground inoculum was mixed with potting
soil in a 3-ft3 cement mixer to obtain an inoculum density of 30 colony-forming-units
(CFU)/g potting soil. Non-infested potting soil was used as the control treatment for a total of
three treatments.

Corn and potatoes were grown in 10-inch-diameter plastic pots. All other plants were grown
in 6-inch-diameter plastic pots. One plant was grown in each pot and was considered a
replication. Ten replications per treatment per plant type were represented for a total of 30
pots per plant and arranged in a randomized complete block design on greenhouse benches.
Each plant type was considered a separate experiment.
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Half of the plants were destructively harvested at 4 wk postemergence. Response variables
included stem height, biomass dry weight, and V. dahliae root and stem populations. The
remaining plants were used for disease assessment and harvested at maturity according to
number of days post-emergence (alfalfa, clover, corn, mint, potatoes) or complete senescence
(beans, ryegrass, wheat). Weekly percent senescence and wilt ratings (mint only) were
measured for 5 wk beginning at the onset of symptoms. As a measure of disease severity, the
area under the senescence progress curve (AUSPC) (Shaner and Finney 1977) was calculated
using the formula:

AUSPC=E[ ((% senescence (timeo,+ 0 + (% senescence (time00))/2*(time(,+i) - time(X0)].

AUSPC therefore represents the rate of senescence over time. This is an accepted unit of
disease severity for Verticillium wilt of potato because the most common disease symptoms,
chlorosis and necrosis of leaves, are indistinguishable from normal senescence. As disease
symptoms were not expected in the non-host plants in the greenhouse, AUSPC was chosen to
determine whether infected plants senesced at a different rate from the non-infested control.

Within 24 hours after destructive sampling, roots were rinsed with water to remove adhering
soil. Roots were hand-cut into 1-cm-long segments and a total of 80 root segments per
sample were plated on NP-10, an agar medium semi-selective for Verticillium. Colonies
growing from root pieces were counted after 10 days incubation at 20°C in the dark using a
dissecting microscope. Root populations were estimated as colony-forming units per root
length (CFU/cm). Stem populations of V. dahliae were assayed from the base of the stem of
each sampled plant. Approximately 1 inch of basal stem was cut, rinsed, and air-dried at
room temperature for 1 month. After 1 month drying, CFU recovered from stems likely
would be from microsclerotia, because conidia die within this drying time. Thus our
sampling was geared toward finding evidence of microsclerotia production. This tissue was
ground in a Thomas Wiley mill. All non-inoculated treatments, were ground first, followed
by inoculated treatments with mint and potato stems ground last to avoid cross
contamination. Using an Andersen air sampler, 0.08 g dried stem tissue was plated onto a
Verticillium semi-selective agar growth medium (NP-10). After 10 days of incubation in the
dark at room temperature, V. dahliae colonies were counted and CFU/g dried stem tissue was
calculated. Response variables underwent an analysis of variance (ANOVA) using the
general linear model, PROC GLM, of SAS, version 7.0 (SAS Institute 1988). Means were
separated by Fisher's protected least significant difference (LSD) test.

Results & Discussion

Growth of each host, measured by stem height and dry biomass weight, was not affected by
the mint or potato strain of V. dahliae compared to a non-infested control (Tables 1-8).
Although the dry weight of bean, ryegrass, and wheat was different among the treatments at
5 wk postemergence, this effect was not consistent among the treatments and was not
observed at 10 wk post emergence. The crop yield of each plant, measured as dry biomass,
bean pod, corn ear, potato tuber, or seed head weight, did not significantly differ among
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treatments. V dahliae was isolated from roots of all plants grown in infested soil (Tables 1-
8). Root populations of the mint strain did not significantly (P > 0.05) differ from the non-
infested control in any plant. Yet, potato strain populations were larger (P < 0.05) than
the mint isolate and control treatments in each plant on at least one sampling date. This trend,
though not always significant, was seen on both sampling dates for all plants except red
clover, in which both isolates were recovered in nearly equal numbers on the first sampling
date. V. dahliae was recovered only once, from ryegrass roots, in an non-inoculated control
treatment. This was most likely caused by inadvertent contamination either during sampling
or root plating in the laboratory.

Although not statistically significant, V. dahliae was recovered from stems of non-host
plants. V. dahliae was recovered only twice, and in low populations, from non-inoculated
treatments, in dry bean and potato. From these untreated plants, the pathogen was recovered
on only one plate from one replication. This was likely caused by contamination during the
grinding or plating process and not to a true colonization of the stem tissue. Similar to the
root population results, there was a trend of more frequent and larger populations of the
potato isolate recovered among the plants. The V dahliae potato isolate was recovered at
both sampling dates from alfalfa, which is known host of V. albo-atrum, and the mint isolate
only once. Although a relatively high population of the potato isolate was recovered from
red clover on the second sampling date, it was obtained from only one replication out of five
and the mean population did not significantly differ from the untreated control. Similarly,
the mint isolate was recovered from ryegrass only once and only from one replication. The
mint isolate was also recovered from peppermint and potato. Although not statistically
different (P = 0.4036), the recovered mint isolate population in mint tissue was larger than
that of the potato isolate at 10 wk post-planting. That the mint isolate was not recovered
abundantly in mint stems was surprising because wilt symptoms were evident at the time of
sampling. This suggests that microsclerotia had not formed at this time; any conidia present
at harvest likely would have died by the time stem tissue was plated. At this second
sampling, the mint isolate was recovered from potato tissue as well although the recovered
population of the potato isolate was larger (P = 0.0867). Similarly, on the first sampling
date, the potato isolate population in potato was significantly larger (P = 0.0252) as well.

The V. dahliae mint isolate alone produced wilt symptoms in peppermint (P = 0.004).
Although there were differences in V. dahliae root and stem populations, AUSPC, in all
plants except wheat, was not affected by either strain compared to the non-infested control.
This result is consistent with the first year of this experiment. The mint isolate increased the
senescence rate of wheat (P = 0.0207). Although this result can be associated with a low level
of root infection, it cannot be associated with any microsclerotia reproduction in the stem. As
alfalfa, bean, clover, corn, ryegrass, and wheat are not considered hosts of V. dahliae,
AUSPC was not expected to differ among treatments.
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Table 1. Influence of mint and potato strains of Verticillium dahliae on alfalfa var. Henricks in a greenhouse study at Oregon State
University, Central Oregon Agricultural Research Center, Powell Butte, Oregon 2000.

V. dahliae
strain

stern height (cm)

12 Jun	 17 Jul

dry weight (g)

12 Jun	 17 Jul

V dahliae root
population (cfu/cm)a

12 Jun	 17 Jul

V. dahliae Stem
population

(cfu/g stem) b

12 Jun	 17 Jul

AUSPCC

Non-infested 28.8 77.2 0.29 9.66 0.00 B d 0.00 0.00 0.00 262
Mint 35.0 76.7 1.02 6.86 0.01 B 0.03 0.00 0.22 263
Potato 28.4 72.7 0.77 7.36 0.04 A 0.07 0.44 4.00 264

P-valuee 0.3331 0.5913 0.3045 0.4675 0.0039 0.3499 0.2747 0.4894 0.0001
Strain 0.6281 0.7739 0.1311 0.3904 0.0007 0.0988 0.1296 0.3875 0.1296
Block 0.2222 0.4274 0.5292 0.4507 0.1073 0.7991 0.4609 0.4820 0.0001

aColony-forming-units per cm root.
bColony-forming-units per gram dried stern tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant
difference test.
'Probability of obtaining F�0,05•
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Table 2. Influence of mint and potato strains of Verticillium dahliae on dry bean var. Ember in a greenhouse study at OSU-
COARC, Powell Butte, Oregon 2000.

V dahliae
Strain

stem height (cm)

12 Jun	 17 Jul

dry weight (g)

12 Jun	 17 Jul

V. dahliae root
population
(cfu/cm)a

12 Jun	 17 Jul

V. dahliae stem
population
(cfu/g stem)b

12 Jun	 17 Jul

dry bean
(g)

17 Jul

AUSPC'

Non-infested 25.9 33.0 5.96 Ad 2.50 0.00 B 0.00 2.22 0.00 28.5 179 B
Mint 26.1 33.5 6.02 A 1.90 0.02 AB 0.05 0.00 0.00 38.7 277 A
Potato 24.4 33.0 2.94 B 2.56 0.07 A 0.15 0.00 0.00 34.3 301 A

P-value' 0.6767 0.9422 0.0018 0.1893 0.0690 0.3627 0.4852 0.1294 0.0552
Strain 0.8395 0.9671 0.0012 0.2777 0.0133 0.1708 0.4096 0.1467 0.0288
Block 0.4980 0.8240 0.0084 0.1649 0.5466 0.5521 0.4609 0.1454 0.1461

aColony-forming-units per cm root.
bColony-forming-units per gram dried stem tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least
significant difference test.
'Probability of obtaining F�o.05.



Table 3. Influence of mint and potato strains of Verticillium dahliae on solid red clover in a greenhouse study at
Oregon State University, Central Oregon Agricultural Research Center, Powell Butte, Oregon 2000.

V. dahliae
Strain

stem height (cm)

12 Jun	 18 Jul

dry weight (g)

12 Jun	 18 Jul

V. dahliae root
population
(cfu/cm)a

12 Jun	 18 Jul

V dahliae stem
population

(cfu/g stem) b

12 Jun	 18 Jul

AUSPC

Non-infested 16.0 78.2 0.52 13.1 0.00 0.00 B d 0.00 0.00 33.5
Mint 16.0 63.2 0.88 9.64 0.04 0.01 B 0.00 0.00 29.4
Potato 14.6 70.1 0.50 12.1 0.02 0.08 A 0.00 57.1 39.3

P-va1uee 0.1352 0.0269 0.2355 0.0149 0.6288 0.0434 0.4852 0.0334
Strain 0.5166 0.1730 0.2150 0.1089 0.3681 0.0072 0.4096 0.7202
Block 0.0806 0.0181 0.2574 0.0106 0.7033 0.5459 0.4609 0.0149

aColony-forming-units per cm root.
bColony-forming-units per gram dried stem tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 5 0.05 according to Fisher's protected least
significant difference test.
eProbability of obtaining F�o.05.



Table 4. Influence of mint and potato strains of Verticillium dahliae on corn var. Golden Cross Bantam Fl in a greenhouse study
at Oregon State University, Powell Butte, Oregon 2000.

V. dahliae
Strain

stem height (cm)

12 Jun	 9 Aug

dry weight (g)

12 Jun	 9 Aug

V. dahliae root
population (cfu/cm)a

12 Jun	 9 Aug

V. dahliae stem
population

(cfu/g stem)"

12 Jun	 9 Aug

Ears (g)

9 Aug

AUSPCC

Non-infested 50.8 159 33.0 132 0.00 Bd 0.00 B 0.00 0.00 133 75.1
Mint 53.6 147 37.8 109 0.02 B 0.01 B 0.00 0.00 123 111
Potato 53.8 158 41.0 148 0.11 A 0.02 A 0.00 0.00 171 130

P-valuee 0.4083 0.1307 0.2595 0.3535 0.0496 0.0786 0.5221 0.2297
Strain 0.4065 0.3620 0.1863 0.1292 0.0075 0.0375 0.3211 0.0809
Block 0.3658 0.0902 0.6242 0.6592 0.6849 0.2024 0.6009 0.5172

aColony-forming-units per cm root.
"Colony-forming-units per gram dried stem tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant
difference test.
eProbability of obtaining F�o.os•



Table 5. Influence of mint and potato strains of Verticillium dahliae on ryegrass in a greenhouse study at Oregon State University,
Central Oregon Agricultural Research Center, Powell Butte, Oregon 2000.

V. dahliae
Strain

stem height (cm)

12 Jun	 18 Jul

dry weight (g)

12 Jun	 18 Jul

V. dahliae root
population (cfu/cm) a

12 Jun	 18 Jul

V. dahliae stem
population

(cfu/g stem)b

12 Jun	 18 Jul

seed heads
(g)	 AUSPCC

18 Jul

Non-infested 39.1 Bd 127 4.68 B 18.9 0.01 B 0.00 0.00 0.00 14.4 177
Mint 61.0 A 140 9.08 A 21.7 0.04 AB 0.00 0.00 2.86 13.9 226
Potato 44.7 B 136 5.78 B 20.5 0.13 A 0.04 0.00 0.00 12.4 195

P-va1uee 0.0446 0.0305 0.0221 0.8438 0.1303 0.2653 0.4852 0.1955 0.5101
Strain 0.0310 0.2635 0.0033 0.6820 0.0440 0.1050 0.4096 0.7414 0.7842
Block 0.0967 0.0180 0.4768 0.7796 0.3942 0.5205 0.4609 0.1078 0.3468

aColony-forming-units per cm root.
bColony-forming-units per gram dried stem tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant
difference test.
'Probability of obtaining F�0.05•
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Table 6. Influence of mint and potato strains of Verticillium dahliae on peppermint var. Black Mitcham in a greenhouse study at Oregon
State University, Central Oregon Agricultural Research Center, Powell Butte, Oregon 2000.

stern height (cm) dry weight (g)
V. dahliae root

population (cfu/cm) a
V. dahliae stem

population
(cfu/g stem)b

Wilt'

V dahliae 16 Jul 9 Aug 16 Jul 9 Aug 16 Jul 9 Aug 16 Jul 9 Aug 9 Aug
Strain

Non-infested 60.2 70.9 16.2 27.7 0.00 0.00 B d 0.00 0.00 0.0 B
Mint 62.5 70.1 17.9 29.8 0.02 0.01 B 0.00 635 2.6 A
Potato 50.0 71.9 20.8 26.3 0.16 0.09 A 1.33 1.33 0.0 B

P-valuee 0.1591 0.5643 0.4163 0.9481 0.3902 0.1811 0.4852 0.4827 0.0244
Strain 0.1345 0.9799 0.4080 0.8914 0.2361 0.0597 0.4096 0.4036 0.0038
Block 0.2053 0.3572 0.3748 0.8639 0.4852 0.4895 0.4609 0.4616 0.4609

aColony-forming-units per cm root.
bColony-forming-units per gram dried stern tissue.
'Wilt estimated with a severity rating: 1-2 = mild symptoms, 3 = moderate symptoms, 4 = severe symptoms, 5 = dead.
dMeans followed by the same letter are not significantly different at P �0.05 according to Fisher's protected least significant difference
test.
'Probability of obtaining F�0.05.



Table 7. Influence of mint and potato strains of Verticillium dahliae on potato cv. Russet Norkotah in a greenhouse study at Oregon
State University, Central Oregon Agricultural Research Center, Powell Butte, Oregon 2000.

V. dahliae
Strain

stem height (cm)

16 Jul	 1 Aug

dry weight (g)

16 Jul	 1 Aug

V. dahliae root
population (cfu/cm) a

16 Jul	 1 Aug

V. dahliae Stem
population

(cfu/g stem)b

16 Jul	 1 Aug

Tubers (g)

1 Aug

AUSPCe

Non-infested 27.7 28.9 13.2 9.99 0.00 B d 0.00 B 0.00 B 3.16 152 352
Mint 27.4 29.7 10.4 7.77 0.02 B 0.01 B 0.00 B 11.6 168 299
Potato 31.5 27.4 11.6 5.47 0.41 A 0.68 A 1594 A 627 192 304

P-valuee 0.5384 0.4058 0.9007 0.1993 0.1596 0.0146 0.0991 0.2238 0.8049 0.5365
Strain 0.5050 0.7729 0.8425 0.1674 0.0556 0.0021 0.0252 0.0867 0.7852 0.9047
Block 0.4712 0.3339 0.8202 0.2416 0.4305 0.4176 0.4609 0.4786 0.6739 0.3463

aColony-forming-units per cm root.
bColony-forming-units per gram dried stem tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant difference
test.
eProbability of obtaining F�0.05.
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Table 8. Influence of mint and potato strains of Ve •ticillium dahliae on white spring wheat var. Dirkwin in a greenhouse study at Oregon
State University, Central Oregon Agricultural Research Center, Powell Butte, Oregon 2000.

V dahliae root
stem height (cm)
	

dry weight (g)	 population (cfu/cm)a

V. dahliae	 12 Jun	 18 Jul	 12 Jun	 18 Jul	 12 Jun	 18 Jul
Strain

V. dahliae stem	 seed
population	 heads (g) AUSPCC

(cfu/g stem)b

12 Jun	 18 Jul	 18 Jul

Non-infested
Mint
Potato

	

36.8	 53.3	 4.46 Bd	12.5	 0.00	 0.00 B

	

40.9	 54.8	 5.04 AB	 13.0	 0.04	 0.06 AB

	

37.3	 57.4	 5.82 A	 13.1	 0.09	 0.09 A

	

22.7	 325 B

	

21.5	 341 A

	

27.8	 328 B

	

0.5134	 0.0402

	

0.6354	 0.0207

	

0.3894	 0.1182

	

0.00
	

0.00

	

0.00
	

0.00

	

0.00
	

0.00

P-valuee	0.2081	 0.4022	 0.0153	 0.0895	 0.1991	 0.0855
Strain	 0.0731	 0.5520	 0.0232	 0.7565	 0.2164	 0.0218
Block	 0.4998	 0.3025	 0.0235	 0.0436	 0.2042	 0.4242

aColony-forming-units per cm root.
bColony-forming-units per gram dried stem tissue.
'Area Under the Senescence Progress Curve.
dMeans followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant difference
test.
eProbability of obtaining F�0.05•



Horner, (personal communication) never identified the conditions that promote
microsclerotia formation. Sometimes microsclerotia are present soon upon wilting, but not
always. Conceivably, our greenhouse conditions did not favor microsclerotia development,
whereas microsclerotia formation may have been favored in the field experiments of Davis
and Huisman (2000). Our results do not support or confirm those obtained in the field by
Davis and Huisman (2000) who measured moderate reproduction in non-host stems by potato
isolates of V. dahliae. Differences in wilt severity in potato are known to depend on
environmental influences such as temperature (Francl et al. 1990; Garber and Presley 1971).
Similarly, wilt severity in greenhouse-grown mint is affected by environmental factors
(Nelson 1950). Therefore, it is possible that the greenhouse environment is not optimal to
elicit differences in senescence related to Verticillium wilt.

Our results neither refute nor confirm those of Bhat and Subbarao (1999) who found that root
vascular systems of non-host plants commonly were discolored following root dip
inoculations in spore suspensions of a wide range of V. dahliae strains. With such root-dip
inoculation into elevated spore concentrations, normal barriers to root infection and systemic
invasions likely are circumvented. Such inoculation may result in more severe and rapid
disease development than natural infection. In our greenhouse experiments reported here, we
relied on a more natural root infection (microsclerotia on undamaged roots), and our data
might be expected to be more conservative than those of Bhat and Subbarao (1999).

At this time, we have not proposed continuation of these experiments in the field, or further
investigating environmental factors in the greenhouse. We will assess progress in the field,
along with mint industry interest in these issues, before possibly proposing future work in
this area.

Conclusion

In summary, a mint or a potato strain of V dahliae in this greenhouse trial did not influence
the growth of mint and non-mint plants. The potato strain was recovered in larger
populations from the roots of all hosts, including mint. Yet, the AUSPC did not differ among
treatments for any host. Mint inoculated with the mint strain was the only treatment to
significantly exhibit wilt symptoms. V. dahliae was recovered from stem tissue of non-hosts,
though not in populations significantly different from the non-infested control. Mint and
potato strains were recovered from both mint and potato stem tissue. Similar to root
populations, the potato strain tended to be isolated more frequently from stem tissue. There is
no strong evidence from this greenhouse study to indicate that the mint or potato isolate of V.
dahliae reproduces in the stem tissue of non-hosts. But the results of this study suggest that
V. dahliae potato isolates behave differently, with respect to root and stem infections,
compared to mint isolates.

Literature Cited

Bhat, R.G., and K.V. Subbarao. 1999. Host range specificity in Verticillium dahliae.
Phytopathology 89:1218-1225.

- 30 -



Crowe, F. J., and N. Farris. 1999. Do varietal specific isolates of Verticillium dahliae occur
on mint? 7pp in Section B. Mint Industry Research Council 1998 Research Report.

Davis, J. R., 0. C. Huisman, L. H. Sorensen, and A. T. Schneider. 2000. Field studies
comparing the susceptibility between crops for the colonization of Verticillium dahliae in
plant tissue. Pages 292-295 in: Advances in Verticillium research and disease management.
E.C., Tjamos, R. C. Rowe, J. B. Heale, and D. R. Fravel, (editors). APS Press. St. Paul, MN.

Francl, L. J., R. C. Rowe, R. M. Riedel, and L. V. Madden. 1990. Correlation of growing
season environmental variables and the effect of early dying on potato yield. Phytopathology
80:425-432.

Green, R. J., Jr. 1967. Control of Verticillium wilt of peppermint by crop rotation
sequences. Pl. Dis. Rptr. 51:449-453.

Garber, R. H., and J. T. Presley. 1971. Relation of air temperature to development of
Verticillium wilt on cotton in the field. Phytopathology 61:204-207.

Horner, C. E. 1954. Pathogenicity of Verticillium isolates to peppermint. Phytopathology
44:239-242.

Nelson, R. 1950. Verticillium wilt of peppermint. Technical Bulletin 221, Michigan State
University, 259 pages.

Puhalla, J. E. 1979. Classification of isolates of Verticillium dahliae based on heterokaryon
incompatibility. Phytopathology 69:1186-1189.

SAS Institute. 1988. SAS guide for personal computers: Statistics. Version 6.0. SAS
Institute, Cary, N.C.

Shaner, G. and R. E. Finney. 1977. The effect of nitrogen fertilization on the expression of
slow-mildewing resistance in Knox wheat. Phytopathology 67:1051-1056.

Subbarao, K. V., A. Chassot, T. R. Gordon, J. C. Hubbard, P. Bonello, R. Mullin, D.
Okamato, R. M. Davis, and S. T. Koike. 1995. Genetic relationships and cross
pathogenicities of Verticillium dahliae isolates from cauliflower and other crops.
Phytopathology 85:1105-1112.

Acknowledgements

The Mint Industry Research Council and the Oregon Mint Commission supported this
research.

-31-



TRANSFORMATION OF MINT ISOLATES OF VERTICILLIUM DAHLIAE
TO FLUORESCE GREEN

Fred Crowe, Lynda Ciuffetti, Teresa Sawyer, Ken Johnson, and Robin Parks

Abstract

To facilitate microscopic visualization of the location and movement of Verticillium
dahliae in mint, a green fluorescing protein (gfp) gene from a jellyfish was inserted into a
mint isolate of V dahliae. Several fluorescing transformants were obtained. Each
transformant grew equivalently to the non-transformed parent isolate, and all incited wilt
symptoms in inoculated peppermint. Two transformants that exhibit normal growth and
are pathogenic to mint are being stored and maintained for use in future research efforts.
At present, all transformants are confined by federal regulatory guidelines to controlled
conditions in labs, growth chambers, and greenhouses.

Introduction

Pinpointing the location and visualizing the movement of microorganisms in plants
typically have been tedious, time consuming and expensive, partly because
microorganisms are so small and non-descript. A wilt fungus such as Verticillium
dahliae may grow in only trace amounts through living plants before decay processes
develop. Furthermore, once decay processes develop, other organisms may overgrow
and obscure the pathogen.

It would be useful to have a tool to facilitate manipulation and visualization of infection
processes and distribution of Verticillium dahliae. The gfp from the jellyfish, Aequorea
victoria, is a very attractive system for the demonstration of heterologous expression of a
cloned gene because the gene product (protein) is capable of generating a green
fluorescence when illuminated with blue light. The use of this fluorescent gene product as
an in situ tag to visualize the infection biology of filamentous fungi is a very attractive
system because it is stable, very sensitive, and can be monitored by noninvasive methods
in living tissues. Such a tool was recently developed in the Oregon State University
Department of Botany and Plant Pathology. A transformation vector (pCT74) has been
shown to work in a number of filamentous fungi including selected V. dahliae isolates
pathogenic on potato (Sawyer, et al. 1998; Lorang et al., unpublished manuscript).

Materials and Methods

Isolates of V. dahliae were transformed using hygromycin resistance (HYG) as a
selectable marker (V. dahliae is sensitive to the antibiotic hygromycin) and the gene for
the green fluorescent protein (gfp) driven by the ToxA promoter from Pyrenophora
tritici-repentis (Ciuffetti et al., 1997). The objective of this project was to transform V
dahliae isolates pathogenic on mint. Protoplasts of selected isolates of V. dahliae
pathogenic on mint were transformed with pCT74. Expression of the gfp gene in the V
dahliae transformants that were hygromycin resistant was determined by the ability of the
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transformed mycelia to fluoresce when illuminated with a blue light source. Stability of
the integrated gfp gene was determined on a non selective medium. Growth curve assays
were performed on the transformants by growing on 20, 25, 30, 35, 40, and 451.11
hygromycin/ml and mycelial growth was measured on days 11-18. Select isolates were
tested for pathogenicity on mint. Roots of Black Mitcham peppermint were dipped in
1X106 spores/ml water of the selected isolates and planted in greenhouse soil. Plants
were screened for disease symptoms after 2 months.

Results and Discussion

Transformations of V. dahliae isolate MT-96-1-4 from Black Mitcham peppermint and
pathogenic on mint yielded a high number of HYG 4"/GFP+ transformants. Five hundred
fifty-six HYG± transformants were checked for successful insertion of the gfp gene by
visualizing expression of gfp by irradiating with blue light (470nm) using a Leica
microscope with an Endow GFP filter cube (exciter HQ470/40, emitter HQ525/50 with
beamsplitter Q495LP).

Thirty-six successful gfp transformants were selected and screened further for growth on
hygromycin-amended agar. The growth rate of the transformants was equal to the wild
type (untransformed V. dahliae). An example of two growth curves (transformant 1441
and transformant 1451) is shown in Figure 1.

Five transformants (1331, 1323, 1411, 1441, and 1451) were tested further for pathogenic
capability. All transformants tested induced typical Verticillium wilt symptoms. Plants
infected with transformant 1451 showed 80-100 percent stunting and necrotic symptoms
and the plants were dead. Plants infected with isolate 1441 were all stunted and showed
an average of 55 percent typical Verticillium symptoms. Transformants 1451 and 1441
will be stored and used for further studies because these transformants were the most
stable both on hygromycin supplemented media (selection media) and on nonselective
media. These transformants maintain typical colony growth patterns, good microsclerotia
production, and were equal to wild type (untransformed V. dahliae) with respect to
pathogenic capability.

Using a gfp-isolate of V. dahliae, mint was infected normally. Whole small roots and
crude hand cut sections of plant parts were placed directly under a fluorescence
microscope and the thin, fluorescing strands of fungal hyphae, or even single spores,
were observed amidst non-fluorescing plant tissues and other non-fluorescing
microorganisms. Previous special staining techniques were much more cumbersome and
much thinner sections were required, which necessitated special handling, time delays,
and greater expense. Microsclerotia of untransformed V. dahliae already were somewhat
distinctive without the aid of fluorescence, but microsclerotia from the gfp isolates were
more easily discerned, even when stem material was decayed and with many other
organisms present.

The novel genes used in this transformation are considered safe, and many such gfp
transformations have been made for research purposes on other living things, although
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few on fungi. Nevertheless, federal regulations require that such genetically modified
pathogens be used only in the laboratory, growth chambers, or used the greenhouse. We
destroy all material at the end of each experiment. Ultimately, isolates could be released
for the use of other scientists under similarly controlled conditions. Administratively,
federal guidelines consider L. Ciuffetti as OSU's representative responsible for the
disposition of the transformants.
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DEHYDRATED GARLIC POWDER USED TO REDUCE
SCLEROTIUM CEPIVORUM IN FIELD SOIL

Fred Crowe (1), Mike Davis (2), Joe Nunez (3), Richard Smith (4),
Tom Darnell (5), and Robin Parks (1)

(1) Oregon State University, Madras
(2) University of California, Davis

(3) University of California Cooperative Extension, Bakersfield
(4) University of California Cooperative Extension, Salinas

(5) Oregon State University Cooperative Extension, Milton-Freewater

Abstract

For single applications in large field plots, 0, 18.5, 37, 74, 111, 148, and 185 g/m3 of
food-grade dehydrated garlic powder (DGP) lowered populations of Sclerotium
cepivorum by 0, 20-23, 28-35, 92-95, 93-98, 94-98, and 100 percent, respectively,
when applied within the optimal range of soil temperature and moisture for
sclerotial germination. Data were composited from field trials near Walla Walla,
Washington (1991-1992, fall applied), Bakersfield and Hollister, California (1998,
spring applied), and Madras, Oregon (1999, spring applied). As per previous
reports, > 0.5m1/m2 diallyl disulfide (Madras and Bakersfield) or 22 ml/m2 tarped
methyl bromide (Bakersfield) reduced populations by about 98 percent. DGP was
obtained from California processors and used within a few months of production,
but amount and composition of germination stimulants was not assessed. For white
rot control, all such treatments should be adjusted to the depth to which sclerotia
have been tilled.

Introduction

Diallyl disulfide and related flavor and odor compounds from Allium species
specifically induce high germination levels of sclerotia of Sclerotium cepivorum, the
Allium white rot pathogen (Crowe et al. 1994). In 1996, the U.S. Environmental
Protection Agency deregulated a number of minimum risk pesticides, including
garlic products, from pesticide oversight (Appendix). Thus, dehydrated food-grade
garlic may be used in the manner described in this report without U.S. Federal
oversight. Reported here are efficacy trials using high-quality, food-grade
dehydrated garlic powder to reduce soil populations of S. cepivorum. Product was
"off-the-shelf' and unadjusted for any differences in germination stimulant content
that may have existed.

Materials and Methods

Trials were located in naturally infested fields near Walla Walla, Washington,
Bakersfield and Hollister, California, and Madras, Oregon. Each trial was a
randomized-block experimental design. Trial-specific information is shown in
Table 1. Dehydrated garlic powder was obtained from manufacturers within 1
month of processing. The powder was mixed with water and sprayed under
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agitation on the soil surface. Soil was then tilled immediately. Treatment dates were
chosen such that soil temperatures would remain between 5-21°C, which is
conducive to germination, for 2-3 months following application (Crowe and Hall
1980a), discounting temperatures below 5°C. Soil moisture was adequate prior to
product application, plots were irrigated immediately to assist retention of
germination stimulants, and plots were periodically irrigated to maintain optimum
moisture conditions for germination (Crowe and Hall, 1980a). At Bakersfield,
methyl bromide (MeBr, Tri-Cal) was injected at a rate of 22 g/m2 as a gas to 30 cm
and tarped.

Table 1. Dehydrated garlic powder field trial descriptions.

Walla Walla, WA Bakersfield, CA Hollister, CA Madras, OR

Soil type sandy loam loam sandy loam loam
Plot dimensions (m) 1.8 x 5.2 6.1 x 6.1 6.1 x 6.1 1.8 x 18.2
Replications 3 4 4 4
Treatment dates 10/15/91 2/26/98 4/3/98 5/25/99
Post-trt sampling date 5/19/92 9/15/98 9/22/98 8/23/99
Incorporation depth (cm) 30 15 15 30
Incorporation tool rotary tiller rotary tiller manual tillage rotary tiller
Product source De Francesco Basic Vegetable Basic Vegetable Roger's Foods

& Sons Products Products

aCorresponds with pretreatment soil sampling date.

At Bakersfield and Madras, diallyl disulfide (DADS, United Agri Products) was
injected as a liquid to 30 cm, using 15-cm shank spacing, with injector point depths
located at 10, 20, and 30 cm along the shanks. Rates of 5 ml/m 2 and 0.5 ml/m2 were
used in Bakersfield and Madras, respectively.

Pre- and post-treatment soil samples were composited from 20 subsamples per plot
collected to the depth that garlic powder was tilled. Data not shown indicated that
all germination activity had ceased by the date of post-treatment soil assay. Wet
sieving soil assays and sclerotia viability tests, determined by growth on water agar,
were performed (Crowe et al. 1980).

Results

Pre- and post-treatment S. cepivorum inoculum density means and statistical
analyses are shown in Table 2. Percent reduction in sclerotia populations calculated
from pre- and post application means is shown in Figure 1. For each trial,
dehydrated garlic powder applications up to 74 g/m 3 provided less than 95 percent
reduction in sclerotial populations. Applications of 110 g/m 3 or more reduced
populations by more than 95 percent. For 74 g/m3 , the percent reduction ranged
from 92-95 percent. As expected, percent reduction in sclerotial population was
greater than 95 percent following both MeBr and DADS applications.
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Table 2. Effect of food-grade dehydrated garlic powder on inoculum density of Sclerotium cepivorum in
field trials near Walla Walla, WA (1991- 1992), Bakersfield and Hollister, CA (1998), and Madras, OR
(1999).

Walla Walla
Product 

viable sclerotia/L soil 
Pre treatment Post treatment

Untreated
	

9.7
	

8.0 Aa
DGPb 18.5 g/m3
	

5.7
	

1.3 B
DGP 184 g/m3
	

6.0
	

0 B

P-value'
	

0.1926
	

0.0207
Treatment
	

0.3180
	

0.0091
Block
	

0.1169
	

0.4219

Bakersfield
	

Pre treatment
	

Post treatment
Untreated
DGP 37 g/m3
DGP 74 g/m'
DGP 148 g/m'
DADSd (5 ml/m2)
Methyl bromide (22 g/m2)

P-value
Treatment
Block

76.0
79.3
94.0
69.7
70.9
71.7

0.6744
0.7422
0.3979

80.2 A
23.0 C
5.6 CD
2.7 CD
13 D
1.9 D

0.0001
0.0001
0.6517

Hollister	 Pre treatment
	

Post treatment
Untreated
	

55.4
	

40.7 A
DGP 37 g/m3
	

59.3
	

21.2 AB
DGP 74 g/m3
	

60.3
	

2.8 B
DGP 148 g/m'
	

47.8
	

1.7 B

P-value	 0.9651
	

0.0286
Treatment
	

0.8363
	

0.0092
Block
	

0.9377
	

0.4159

Madras	 Pre treatment
	

Post treatment
Untreated
DGP 18.5 g/m3
DGP 37 g/m'
DGP 74 g/m'
DGP 111 g/m'
DADS (5 ml/m2)

P-value
Treatment
Block

186
176
149
179
200
131

0.0001
0.6584
0.0001

178 A
118 AB

50.6 BC
15.6 C
6.7 C
3.1 C

0.0006
0.0006
0.0333

aMeans followed by the same letter are not significantly different at P < 0.05 according to Fisher's
protected least significant difference (LSD) test.

bDehydrated food-grade garlic powder.
`Probability of obtaining F<o os
dDiallyl disulfide.
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Figure 1. Percent reduction in Sclerotium cepivorum soil inoculum density after treatment with
dehydrated garlic powder, diallyl disulfide (DADS), or methyl bromide (MeBr) in field trials near
Walla Walla, WA (1991- 1992), Bakersfield, CA (1998), Hollister, CA (1998), and Madras,
Oregon (1999). Means labeled with the same letter are not significantly different at P < 0.05
according to Fisher's protected least significant difference (LSD) test.
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Discussion

Diallyl disulfide obtained from petroleum sources previously has been shown to
induce high levels of germination in S. cepivorum (Crowe et al. 1994). Population
reductions as high as 97-99 percent can be obtained from rates as low as 0.5 ml/m2
when soil temperatures and moistures remain within the range conducive to optimal
germination for at least 2 months. Similarly high germination levels and population
reductions were achieved in field trials reported here by soil application of food-
grade commercially dehydrated garlic powder. Our data suggest that rates of 90-
100 g/m3 (equivalent to 250-270 lb/acre applied 12 inches deep, or 125-135 lb/acre
applied 6 inches deep) may be the minimum sufficient amount to reliably achieve
>95 percent population reduction. Although substantially higher application rates
may be more effective in reducing populations, they may not be cost effective. The
depth of application of a germination stimulant only needs to be as deep as sclerotia
have been tilled. However, because root infections below 30 cm may fail to reach
bulbs by season's end (Crowe and Hall 1980b), this may be an effective limit to the
required depth of application.
Supplies of garlic powder for these field trials were obtained within 1 month of
processing from several commercial companies in California that grow clones of the
closely related but poorly described varieties 'California Early' and 'California
Late.' While our data suggest little variation in products used, the actual content of
germination stimulants was unclear. Garlic variety, product grades, storage and
shipping periods and conditions, and manufacturing variables may influence the
stimulant content of garlic powder. In a separate project not reported here, a simple
quantification test for diallyl disulfide is being developed to provide an assurance
level for product lots used for germination stimulation.
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Appendix A

Environmental Protection Agency:

Exemption of Certain Pesticide Substances From Federal Insecticide, Fungicide, and
Rodenticide Act Requirements

Summary:

This rule establishes an exemption from regulation under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) for certain pesticides. EPA has determined that
these pesticides, under certain conditions, are of a character not necessary to be regulated
under FIFRA in order to carry out the purposes of the Act. EPA has concluded that
exemption of products covered by this final rule will not pose unreasonable risks to
public health or the environment and will, at the same time, relieve producers of the
burden associated with regulation. Pesticidal products that do not meet the conditions of
this final rule will continue to be regulated under FIFRA.
Effective: May 6, 1996

Table A. Abbreviated list of minimum risk pesticides exempted from FIFRA, 1996.

Castor Oil	 Garlic and Garlic Oil 	 Cedar Oil
Geranium Oil	 Cinnamon	 Lemongrass Oil
Citric Acid	 Linseed Oil	 Citronella
Mint and Mint Oil	 Cloves	 Rotten Egg Solids
Corn Oil	 Rosemary	 Dried Blood
Sesame
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TESTING FUNGICIDE AND BIOLOGICAL PRODUCTS FOR CONTROL OF
GARLIC AND ONION WHITE ROT DISEASE, 1999-2000

Fred Crowe and Robin Parks

Abstract

Using application rates recommended by the manufacturer, excellent control of garlic
white rot was achieved with several rates of seed treatment application of Folicur seed
treatment (a systemic), the highest rate of Dividend seed treatment (a systemic), and a
high rate Maxim seed treatment (non-systemic). The active ingredients of both Dividend
and Folicur are triazole compounds; Folicur was applied at higher rates of active
ingredient than was Dividend. With Maxim, white rot occurred just prior to harvest, but
most infected bulbs were marketable for dehydration purposes. For full season control,
Maxim might be best combined with other products. Excellent control also was achieved
with in-furrow applications of Folicur when the total product applied per acre was similar
to the amount applied per acre as seed treatment.

All fungicides were more effective against lower populations of the white rot fungus,
although certain products and rates were effective against high populations. This
confirms previous experience that acceptable fungicidal control is more difficult with
larger soil populations of sclerotia of the white rot fungus.

Control of onion white rot was assessed in a trial planted in the spring and harvested in
the fall of 2000. It was anticipated that rates of application of triazole products similar to
those used for garlic would be required for control of onion white rot, in spite of reported
phytotoxicity to onion seedlings. Two alternative application techniques were evaluated:
(1) a broader application band was created by mixing fungicide-coated clay granules with
onion seed prior to planting the mixture, and (2) flushing in-season band sprays of
Folicur downward and around the bulb and upper root system via irrigation,
supplemented early in the season by a low-rate seed treatment application. Based on
disease levels at harvest, both Folicur and Dividend were promising as clay treatments.
Folicur applied over the bed clearly moved with irrigation to provide good control.
Future onion research will refine these methods of application of triazole compounds, and
incorporate Maxim as combination seed treatments.

Introduction

The entire sclerotia soil population of Sclerotium cepivorum germinate in response to root
leakage of germination stimulants. Root infections progress upward on root systems,
spreading along the planted row via root contact. Due to extensive root death and bulb
decay, infected plants rapidly die once the fungus reaches the stem plate. Lightly infected
bulbs near to harvest may pass into fresh onion or garlic markets or may be passed along
through garlic seed lots. A few intact but infected bulbs on which the disease has
advanced somewhat further may or may not be retained for processing depending on the
degree of rot and the harvesting process. Fungicidal control of white rot is difficult,
requiring season-long protection in parts of the world where soil temperatures are
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conducive to prolonged fungal activity. Due to a lack of available controls and the
abundant proliferation of the fungus, fields are commonly abandoned following one or
more Allium crops infected with white rot.

Prior to 1970, a few very persistent fungicides (e.g., mercury compounds and PCNB)
provided partial control of white rot. Since the late 1970's and previous to 1998-1999,
few or no fungicides were screened against Allium white rot in the United States, on
either onions or garlic. Products still labeled in the United States include Terrachlor
(Uniroyal Chem.; a.i. PCNB; for garlic only as a banded spray at planting); Rovral
(Rhone-Poulenc; a.i. iprodione; for garlic only as an in-furrow spray at planting), and
Botran (Gowan Co.; a.i. DCNA; eastern OR & WA, western ID only; for onions, banded
pre-seeding; for garlic in-furrow spray at planting). None of these fungicides currently
are being used on full-season Allium crops because of insufficient or inconsistent control.
Benlate (DuPont; a.i. benomyl) is labeled as a garlic seed treatment for control of
penicillium seed piece decay, and provides partial control of white rot for a limited
duration, but is ineffective for season-long control. In other countries, Sumislex (a.i.
procymidone) has provided fair-to-good control of white rot, depending on the disease
pressure. More recently, Folicur (Bayer; a.i. tebuconazole) has provided fair-to-excellent
control in Mexico, Australia, and New Zealand, depending on disease pressure and rate
and method of application. The work reported here was initiated as a result of reported
successes in those countries.

An additional incentive to test Folicur was that this product proved effective against
garlic rust in California, and an emergency label was granted for this use in 1998.
Having a rust tolerance for Folicur should expedite labeling of Folicur for white rot, even
though the methods and rates of application might differ.

Fumigants have been used to lower soil populations of white rot and reduce the risk of
disease spread, but have not provided sufficient control. This includes even methyl
bromide, which may lower sclerotial populations by 98-99 percent. More recently,
germination stimulants have achieved 98-99 percent population reduction when used at
appropriate rates and methods of application. Such stimulants may be registered soon in
the United States (United Agri Products; a.i. diallyl disulfide), and research-in-progress
has shown that comparable population reduction of sclerotial populations may be
achieved with commercially available dehydrated garlic powder as the source of
germination stimulants, and likely at similar cost to the UAP product, which is derived
from petroleum. These stimulants are of interest because of their relatively high efficacy
and low cost compared to methyl bromide. As indicated above, fungicides provide
poorer control of white rot when sclerotial populations are high. A recent concept has
been to pre-treat fields with germination stimulants in years prior to planting Alliums,
and then apply the more effective fungicides such as Folicur. Our trials in 1999-2000
tested the efficacy of fungicides against a high and low population of S. cepivorum to
evaluate this concept.

In addition to direct economic control of white rot with fungicides on a specific crop,
sclerotial population reduction is a goal of fungicide use. Temporary control can be
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misleading and sustained control elusive; if even a few Allium plants are allowed to
develop white rot, which might be economically acceptable in the short term, the
sclerotial population may increase, making future control more difficult. On the other
hand, season-long control might lead to near-eradication if Alliums are repeatedly
protected with a superior fungicide. Thus, full product evaluation must be based not only
on control achieved, but also on the increase or decrease on the resultant sclerotial
population.

This report addresses the second trial year. In 1998-1999, Folicur and Dividend
(Syngenta, a.i. difenconazole) performed well, but the garlic stand was reduced by an
untimely winter freeze. In 1999-2000 we again tested fungicides in two adjacent trials
against both a moderately low and a moderately high soil population of S. cepivorum.
Our long-term goal was to identify and refine treatments that provide full control of white
rot under low-to-moderate infestations of S. cepivorum, and possibly under high
infestation.

In addition, we tested fungicides in 2000 on spring-seeded, fall-harvested onions against
a moderate soil population of S. cepivorum. The onion trial was considered preliminary
for testing methods of Folicur and Dividend application that might circumvent seedling
sensitivity to these fungicides but still provide adequate disease control. These
approaches included distributing fungicides more widely around the seed by coating them
on granular materials planted with seed, and spraying fungicides believed to be somewhat
mobile in water directly over the seedbed prior to irrigation. The former idea was
adapted from the Folicur label for onions in Tasmania, and the latter idea was suggested
by Mary Ruth McDonald with the University of Guelph based on preliminary data in
Canada.

Garlic Trial, 1999-2000, Madras, Oregon

Methods

The field was naturally infested only at trace levels that contributed very little to the
disease levels experienced. The overall area was divided into two trials. In September
1999, one trial was infested uniformly with 4-5 sclerotia/L soil, and the other trial with
10-15 sclerotia/L soil, using heavily infested soil recovered during the spring of 1999
from around previously rotted onion plants in a nearby onion seed field. This added
inoculum was tilled to 15 cm (6 inches). Based on previous experience, it was expected
that 50-75 percent bulb infection or plant death would occur in untreated plots of the low
infestation area, and more than 95 percent plant infection or death would occur in
untreated plots of the high infestation area. Each plot consisted of a single 40-ft bed
section. All treatments were randomized within six blocks.

The area was tilled, fertilized with 400 lb/acre 16-16-16 and prebedded. Beds were
shaped and planting furrows opened with a planter provided by Basic Vegetable
Products. Virus-free California Early garlic cloves, cracked but not hot water treated,
were sized within a narrow range (approx. 2,300 lb/acre) and planted 16 cloves per bed ft
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on 36-inch centers. Following various treatments and hand planting, hoes were used to
cover seed 2 inches deep, using soil from both sides of the planting furrow.

Fungicide products were applied either on seed (labeled ST), or in the planting furrow
(labeled IF or in-furrow), or in the case of biological materials by direction of the
company providing the products.

Products and methods of application are shown in Table 1. Seed treatments in water
were sprayed onto cloves rotating in glass gallon jars 2 days prior to planting. The
amount of water used was sufficient to coat seed fully but remain on the inside of the jar.
In-furrow applications were sprayed with 50-gal/acre water in a 4-inch band in-furrow
opened by a garlic planter.

The biological product LiquiComp/Ceres required special handling. According to the
manufacturer, this two-part bacterial mixture typically would be applied with irrigation
water through the season. In our case, plot bed sections were prewatered with a
sprinkling can across the entire 36-inch bed (5 gal/40 ft) section. Two-thirds of the
combined product immediately was sprayed across the bed, and the garlic was planted
and covered by hand. One-third of the material was sprayed across top of bed (18-20
inches), and additional water (5 gal/40 ft) was sprinkled over the bed. Product
application and seed planting of this treatment was conducted within an hour of sprinkler
irrigation. We agreed to reapply over the top of plot bed sections just prior to each
irrigation.

Table 1. Products and treatment types and rates used in a white rot of garlic fungicide trial near
Madras, Oregon, 1999-2000.

In furrow	 Seed treatment

Rovral 50 WP (4.3 lb/acre)

Folicur 3.6F (1L/ha)
Folicur 3.6F (1.5 L/ha)
Folicur 3.6F (2 L/ha)

Maxim 4FS (0.5 lb a.i./acre)

Quadris 2.08SC (0.8 oz ai/1,000 ft row)

Fluazinam (0.4 oz/1,000 ft row)

LiquiComp + Ceres (8 gal/acre + 4 gal/acre)

Folicur 3.6F (0.25 g a.i./kg seed)
Folicur 3.6F (0.5 g a.i./kg seed)
Folicur 3.6F (0.75 g a.i./kg seed)

Dividend 3FS (0.5 oz/100 lb seed)
Dividend 3FS (0.75 oz/100 lb seed)
Dividend 3FS (1 oz/100 lb seed)

Maxim 4FS (0.08 oz/100 lb seed)
Maxim 4FS (0.16 oz/100 lb seed)

Dividend + Maxim (0.5 oz + 0.08/100 lb seed)
Dividend + Maxim (0.75 oz + 0.08/100 lb seed)
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Results

Garlic was well rooted during the late fall of 1999, but no top growth developed until
mid-February through mid-March 2000. The winter of 1999-2000 was mild.

Stand. Emergence was determined on March 16, 2000 (Fig. 1). The apparent
differences in stand between the two trials cannot be compared statistically. The higher
stand in untreated check plots at higher infestation levels was probably a random
phenomenon. Within the moderately low infested trial, stands were higher in all treated
plots compared to the untreated check, although Fluazinam and LiquiComp/Ceres
treatments did not statistically differ from the control (p < 0.05). Within the moderately.
high infested trial, stands were comparable (p < 0.05) to the untreated control for Rovral,
higher rates of Folicur ST, the highest rate of Dividend ST, Maxim IF, Quadris IF, and
Fluazinam IF. In both trials, the best stands were achieved with the high rate of Dividend
+ Maxim ST, both rates of Maxim ST, all rates of Dividend ST, and the lowest rate of
Folicur ST. The lower garlic stands at higher rates of Folicur application suggest that
garlic may have some sensitivity to elevated Folicur levels, as reported for onions.

White Rot Progress. White rot progress was rated periodically during the season.
White rot symptoms were observed on a few plants by the end of March. Irrigation
began mid-April. The first application of LiquiComp/Ceres was applied at that time. By
May, white rot symptoms were noticeable in both untreated and LiquiComp/Ceres-
treated plots in both trials. In early May LiquiComp/Ceres was no longer applied
because white rot seemed worse in plots treated with that product. During May, white rot
symptoms appeared in plots of all treatments in which yields were low at harvest. A plot
tour was held on June 1, 2000. At that time in the moderately low infested trial, little or
no white rot symptoms appeared on foliage in plots treated at planting with all rates of
Folicur ST, the two higher rates of Folicur IF, all rates of Dividend ST, both rates of
Maxim ST, and both rates of Dividend + Maxim ST. The lowest rate of Folicur IF
manifested some late-developing white rot on June 1. In the moderately high infested
trial, little or no white rot symptoms were observed on plants treated with all rates of
Folicur ST, the highest rate of Folicur IF, the middle rate of Dividend ST, the higher rate
of Maxim ST, and the higher rate of Dividend + Maxim ST.

Nearly all plant loss following emergence was attributed to white rot. Five plants
infected with botrytis were removed from the trial area during 2000. A foliage
application of Rovral was applied during early May to suppress botrytis activity.

The final irrigation was on July 1. Garlic was undercut on July 11, and bulbs were hand
pulled, cleaned of dirt, and rated for infection by S. cepivorum between July 11 and 14.
Bulbs that were either smaller than 3 cm or considered too diseased to be retained in
normal harvest processes were discarded. Bulbs that were determined to be infected on
the stem plate or bulb but which were considered intact enough to be retained by normal
harvest practices for a processing crop were graded as "Symptomatic." Bulbs without
signs or symptoms were graded as "Asymptomatic." Garlic was left in the field, and
harvest weights were determined on July 20 when foliage was relatively dry.
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Symptomatic and asymptomatic bulbs were counted and weighed separately, but only the
combined weight is reported. Treatment means for the number of harvestable bulbs are
shown in Figure 2 and means for harvest weight are shown in Figure 3 for both the
moderately low and the moderately high-infested trials.

Treatment Comparisons At Harvest. As per Figures 2 and 3, Rovral, Maxim IF,
Quadris IF, Fluazinam IF, and LiquiComp/Ceres provided little or insufficient protectiori
against white rot at the rates and methods of application used, at either level of
infestation. These treatments are not discussed further.

Moderately low infested trial. All three application rates of Folicur ST provided
superior disease control, bulb size and harvestable yield. Nevertheless, there were
differences among these three rates of application. More symptomatic bulbs occurred at
harvest with the lowest rate of application compared to the higher rates, but total bulbs
and yield were highest for this treatment except for the performance of the high rate of
Maxim in this trial. This may relate to higher initial stand for the lowest rate of Folicur
ST. In fact, this treatment (0.25 g a.i./kg seed) of Folicur was the second-most superior
treatment in this trial.

The two higher application rates of in furrow Folicur performed nearly as well as Folicur
seed treatments, but the lower rate was inferior. The highest rate of Dividend ST was
close to the better Folicur treatments, and mean yields were not separable statistically (p
< 0.05). The higher rate of Dividend + Maxim ST also performed very well and was
comparable to Folicur treatments.

Although the lower rate of Maxim ST performed reasonably well, the higher rate (0.15
oz/100 lb seed) performed extremely well. No white rot symptoms were present on June
1, although some white rot was present on bulbs at harvest for this treatment. This
suggests that Maxim may have degraded at the very end of the season. Nevertheless, the
highest total harvestable bulbs and harvest weight were recorded for this treatment.

Moderately high infested trial. In this trial, the number of harvestable bulbs and
harvest weights were lower than for the moderately low infested trial. There were fewer
superior treatments with respect to bulb infection and harvest weight. Again, the lower
rate of Folicur ST was the best of the three seed treatment rates. This further suggests
that the higher rates of Folicur ST may be directly detrimental to garlic. This was the
only treatment in this trial that is comparable to yields in the moderately low infested
trial. The highest rate of Folicur IF performed as well as the higher rates of Folicur seed
treatment. Dividend ST rates performed only fairly, although the middle rate performed
reasonably well. The higher rate of Maxim ST performed as well as Folicur. Neither rate
of Dividend + Maxim performed as well as the better Folicur treatments or the higher rate
of Maxim ST.
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Discussion

Based on pre-planting inoculum densities of S. cepivorum, about 75 and 95 percent of
plants were expected to be either killed or infected by harvest in the moderately low and
moderately high infested trials, respectively. However, based on initial stand counts and
ignoring preemergence losses, approximately 97 percent of the untreated garlic was killed
or infected at the stem plate by harvest in both trials. Such high incidence likely was
related to the mild winter of 1999-2000, which extended the active season for S.
cepivorum.

A careful study of Figure 3, however, reveals that the impact of white rot was worse in
the moderately high infested trial, as measured by lower bulb weights. Fewer treatments
performed well through season's end. Undoubtedly, even with the best treatments, root
systems were more highly diseased in the moderately high infested trial, which led to
somewhat higher bulb infection and reduced bulb size even on asymptomatic bulbs.

The superior treatment used in both trials was Folicur 3.6F applied to seed at 0.25 g
a.i./kg seed. Higher rates of Folicur seed treatment may have decreased the rate of bulb
infection but also reduced stands, numbers of harvestable bulbs, and harvest weight,
although these differences were not statistically significant. Perhaps garlic, like onions,
is sensitive to Folicur. In Tasmania, Jason Dennis (Fieldfresh, personal communication)
indicated that in every white rot trial in which Folicur was included, onion stands were
reduced. Onion roots and foliage may be adversely affected, but Folicur nevertheless
provides the best control of all products tested.

Dividend 3FS did not perform as well as during 1998-1999, but still provided reasonable
control of white rot. Novartis wished us only to test Dividend as a seed treatment, and
did not wish us to use rates higher than 1 oz/100 lb seed. The active ingredients in
Folicur (tebuconazole) and Dividend (difenconazole) are related but not identical triazole
compounds, and a comparison of actual rates of active ingredients are included in Table
2. Triazoles are systemic in plants, and are somewhat mobile in soil, so seed treatment
with Folicur or Dividend may allow for slightly more protection than restriction to the
surface of the clove and developing bulb.

Maxim 4FS applied as a seed treatment, especially at 0.16 oz/100 lb seed, provided
impressive white rot control, especially considering that the active ingredient,
fludioxonil, is not mobile in soil. Nevertheless, Maxim control did not persist through
the end of the season at either infestation level, even though it was the superior performer
in the moderately low infested trial. While perhaps insufficient by itself when soil
populations of S. cepivorum are high, Maxim might greatly extend the level of control
when combined with an appropriate rate of Folicur or Dividend. In fact this is clear from
the Dividend + Maxim seed treatments for both 1998-1999 and 1999-2000.

In the Madras trial, Folicur applied in-furrow did not provide the same level of control as
Folicur seed treatments, except at the highest rate of application, but only the highest
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rates of in-furrow application were equivalent to seed treatment rates as shown by active
ingredient per hectare conversions (Table 2).

We worry that seed-treatment application based on garlic seed weight might result in
high variability in actual applied material per plant and per unit area: garlic cloves
commonly are sized before planting to create more uniform growth in the crop.

Table 2. A comparison of rates of application of active ingredients of products found effective against
garlic white rot in 1999-2000 in Madras Oregon.

Product
name

Active
ingredient

Amount applied as
in-furrow spray

Grams a.i./kg
seed

Oz product/
100 lb seed

Grams a.i./ha'

Folicur
3.6F

Tebuconazole 0.25 0.89 638

0.50 1.78 1,276
0.75 2.67 1,913

Folicur
3.5F

Tebuconazole 1.0 L/ha 430

1.5 L/ha 645
2.0 L/ha 860

Dividend
3FS

Difenconazole 0.12 0.50 298

0.17 0.75 449
0.23 1.00 597

Maxim 4FS Fludioxonil 0.025 0.08 1.8
0.050 0.16 3.6

'Assumes a seeding rate of 2,250 lb garlic cloves/acre (1,022.7 kg seed/ha) for seed treatments, and all
products are applied within the seeding line as either seed treatments or in-furrow sprays at planting time.

Seed sizes may vary from less than 1,500 lb/acre (small seed) to over 3,500 lb/acre (large
seed) to achieve the same plant population. Our estimates suggest nearly a 2.5-fold
difference in product applied per plant for cloves at the extremes of this range, although
most seed lots may fall within a narrower range, perhaps 2,200-2,800 lb/acre. Further
discussions with pesticide manufacturers will occur to resolve the optimal way to express
the amount of applied product.

Thus, per gram active ingredient per hectare, the lowest seed treatment rate of Folicur
used was comparable to the middle rate of Folicur applied in-furrow. At the moderately
low infestation these treatments were comparable in performance, although the seed
treatment was superior to the in-furrow treatment in the moderately high infestation. This
suggests that concentrating the product near the seed confers a benefit, which could be as
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simple as limiting the dilution of products, which have some water solubility, but this is
speculative.

The comparison does suggest that we may be choosing rates of application for Dividend
that are too low, if difenconazole is comparable in activity with tebuconazole.
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Onion Trial, 2000, Madras Oregon

Methods

An onion trial was located near the garlic trials reported above. Soil was uniformly
infested to 15 cm (6 inches) with about 5 sclerotia/L of soil on April 5, 2000, in a similar
manner and with identical inoculum as used in the garlic trial. This inoculum density was
anticipated to result in about 70 percent plant loss or infected bulbs at harvest based on
past experience with spring-planted onions in Tulelake, California. This is a lower
estimate than for over-wintered onions or garlic because the effective white rot season is
shortened for spring-planted onions, as few onion roots are present for several weeks
following seeding. For similar reasons, little preemergence loss from white rot is
expected with direct-seeded onions.

Onions were grown as a spring-planted and fall-harvested commercial bulb crop.
However, because of the equipment available, beds and plant density simulated an onion
seed field planting. An onion variety grown for dehydrating was used. In most ways,
this onion crop could not be directly compared with normal onion crops, but as a
preliminary trial this was considered reasonable.

Along with sclerotia, 500 lb/acre of 16-16-16 fertilizer was incorporated on April 5,
2000. Onions were planted on April 21. The variety was a numbered, white dehydration
type from Rogers Foods, 94 percent germ and 107,333 seeds/lb. The planter was
calibrated to plant 4 lb seed/acre, adjusted for germination, or about 29 seeds per ft in two
lines along the top of each bed. All seed was thoroughly mixed with a commercial
granular, inert clay soil amendment (Turface). The granules of this product were 1-3
times the size of the onion seed. The seed opening plates were adjusted to a number 30
hole size, which dispensed 44.8 lb/acre Turface along with the 4.0-lb seed/acre. Planting
depth was roughly 0.25 inch, and seed and Turface were scattered horizontally across
about 0.75 inch per planted line. Bed tops were 18 inches wide, with onion lines spaced
9 inches apart. Turface and/or seed were treated as described below, and each plot
consisted of 40-ft-long beds x 2 beds wide. The planter had four seed hoppers, and two
hoppers were used to plant the two lines on each bed. Extra Turface and seed were used
to fill the hopper for each 40-ft plot, to ensure proper seed flow through the planter.
After each plot, hoppers were cleaned of residual Turface and seed.

The trial consisted of 16 treatments organized into 5 randomized blocks. After
emergence, 5 ft were removed from each end of each plot to create unplanted alleys and
to remove any irregular planting at the beginning and end of each 50-ft planting run.
Thus, after alley removal, plots were 30 ft long.

Onion treatments are shown in Table 3. Treatments were chosen for the onion trial
before garlic trial data were available, which could have influenced our choice of
products and application. For seed treatments, fungicide was sprayed into a rotating glass
jar containing onion seed, using enough water to coat seed but not wet the inside of the
jar. The rates shown for seed treatments are product applied per 100,000 seeds.
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Table 3. Fungicide products, methods of treatment and rates of application for onion white rot trial near Madras, Oregon, 2000.

Seed treatmentb
	

Turface clay treatment'
	

Seed treatment + sprayb

Folicur 3.6F (1.0 a.i./100,000 seeds)

Dividend 3FS (1.0 a.i./100,000 seeds)

Dividend 3FS + Maxim 4FS (1.0 a.i./100,000
seed + 0.08 ozJ100 lb seed)

Folicur 3.6F (0.5 L/ha)
Folicur 3.6F (1.0 L/ha)
Folicur 3.6F (1.5 L/ha)
Folicur 3.6F (2.0 L/ha)

Dividend 3FS (1.0 L/ha)
Dividend 3FS (1.5 L/ha)

Maxim 4FS (2.9 oz/acre)

Folicur 3.6F (1.0 ai/100,000 seed) + early season
pre-irrigation band spray (1.0 L/ha per 48 gal/acre water)d

Folicur seed trt + early and mid season band
sprays (total 1.5 L/ha Folicur sprayed/season) d

Folicur seed trt + early and mid season band
sprays (total 1 L/h Folicur sprayed/season) d

Folicur seed trt + early, mid and mid-to-late full
bed sprays (total 3 L/h Folicur sprayed per season)e

Folicur seed trt + Vapam (3 gal/acre) full bed spray

"Not listed is the untreated control, which included untreated seed mixed with untreated Turface clay prior to planting.
blncludes untreated Turface clay mixed with fungicide-treated seed prior to planting.
cTurface clay was treated with fungicide and mixed with untreated seed prior to planting.
dSprayed over top of bed (18 inches wide). Early season spray June 5. Mid-season spray July 3.
'Sprayed over top of bed (36 inches wide). Mid-to-late season July 27.
Vapam applied June 16 during first 30 min of an irrigation set.
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For treated Turface clay particles, a similar rotating glass jar procedure was used. Rates
per acre shown for Turface treatments are product per full acre, even though material was
distributed only in the seed line. Some experimental treatments contained only seed
treatment, some contained only treated Turface, and some contained independently
treated seed and Turface. Seed and Turface were treated several days prior to planting,
and were thoroughly air dried prior to planting. Neither seed nor Turface treatment
seemed to affect flow rates during planting. Additional treatments included in-season
band sprays just prior to irrigations. Rates per acre shown are for product per full acre,
even though material was applied in a band. On April 21, Dacthal (7 lb/acre) and Ramrod
(5 pt/acre) were applied to the trial area, and irrigation began on April 23. Irrigation was
intermittent and the weather remained cool for 2-3 wk. Trial emergence was slow.
Partial emergence was evident on May 8-12, and full emergence was evident by May 15-
19. Following full emergence, onions were irrigated as needed though mid-September.
Furadan (1 pt/acre in 21 gal/acre water, unregistered use) was applied to seedlings on
May 25 for control of maggots (none seen) and thrips, and again July 24 for thrips.

On October 2, the onions were undercut, lifted, and most dirt removed from roots.
Onions were left on the soil surface for foliage to dry. Rain fell periodically during
October, and prolonged the drying period and final harvest measurements. This extended
the activity of S. cepivorum. Bulbs were graded for infection on bulb or stem plate in
mid-October. Final grading for size and harvest weight determination was on November
13-14. Noninfected bulbs less than 1.2 inches (3 cm) in diameter were discarded. Larger
noninfected bulbs were separated into two size classes and weighed separately: bulbs
1.2-2.0 inches (3.0-5.0 cm) in diameter, and bulbs greater than 2.0 inches (5 cm) in
diameter.

Results

For seasonal sprays, the onions on June 5 had 2 true leaves. Onion growth and
development were not clearly delineated for sprays on June 16, July 3, and July 27.
Erratic phytotoxicity (plant death) mixed with undamaged plants was evident within a
week following the Vapam treatment. White rot symptoms were first noticed on June 20
in untreated checks and plots treated with the low rate of Dividend applied with Turface.

Plant stand. Seeding was less uniform than desired; there appeared to be erratic flow
from hoppers. Stand was assessed on June 15. No stand differences were attributed to
white rot, as the onion seedling root system was not substantial enough to make contact
with sclerotia of S. cepivorum at the populations present. Mean stands ranged from 485
to 726 seedlings per plot, with an average of 669.3 (21.3 seedlings/bed ft) and standard
deviation of 57.1 (1.9 seedlings/bed ft) The widest variation (485-726) occurred for the
set of treatments 12-16 that were treated identically through stand evaluation. Thus we
cannot determine whether stand was mildly affected by products, but it seems unlikely
that stand was greatly affected by applied products. In future, another type of planter
may be needed, and seed and granules (if such treatments are continued) should be
dispensed via separate mechanisms.
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Stand declined during the season because of various factors. White rot was found in
every plot, although very little was found in plots where 300 or more noninfected and
sizeable bulbs were harvested (see below). Some plants were lost to hand weeding
during the season, and to heavy thrip damage in July. There were at least two moisture
stress episodes in the trial area due to coordination problems with our cooperator-farmer
and high winds that precluded irrigation at times. We estimate that the original stand of
21.3 plants per bed ft more realistically declined to about 17 plants per bed ft by mid-
season, ignoring white rot attrition.

Additionally, some plants remained small and formed small bulbs. This is attributed to
root and foliage damage from various undetermined sources. Many small bulbs failed to
make our harvest grade.

Harvest. The mean number of bulbs per size class per 30-ft plot appears in Figure 4.
The mean harvest weight per acre is shown in Figure 5, including data separated by
harvest size class. We excluded from these harvest yields all bulbs that were infected
with white rot at the stem plate, or bulb, and all noninfected bulbs less than 1.2 inches (3
cm) in diameter. We caution against making strong comparisons with normal
commercial yields.

Harvest data were not adjusted for differences in stand. Even in the best treatments, we
harvested fewer plants than our original stands. The best treatment yielded 13.1
harvested plants per bed ft. This is 61.5 percent of the original average stand of 21.3
plants per bed ft. Using our estimated adjusted stand of 17 plants per bed ft suggested
above, we harvested 77.1 percent of the stand from this best treatment. Of course, the
attrition in these figures includes both white rot losses and small noninfected bulbs. The
small bulbs are the most difficult to understand, as it is not clear whether these were
small from mid-season stresses, from white rot root damage, or from adverse fungicide
effects on roots. Some of these uncertainties will need to be worked out in future testing,
with a more uniform planting.

In the following analysis, we ignore the unresolved stand issues, and assume all yield
differences at harvest are due to white rot. There were clear differences among
treatments with respect to the number of bulbs harvested, the distribution of these bulbs
within the size classes shown, and the overall harvest weight (Figs 4 and 5). The poorest
yield was in the untreated control, which averaged only 109 noninfected bulbs per 30 ft at
harvest, or 3.6 bulbs per bed ft. This corresponds to 78.9-83.1 percent loss to white rot
during the season, depending on the stand count estimate used. This was a little higher
than our anticipated 70 percent plant loss from white rot based on initial inoculum density
estimates. This difference can be attributed to delayed harvest along with continued
disease ingress in cool, moist periods between lifting and grading.

Several treatments yielded only slightly better than the untreated control, including
Folicur and Dividend applied only as seed treatments. Dividend + Maxim seed treatment
and the Vapam treatment fared only slightly better. These results were not significantly
different and were not unexpected.
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Figure 4. Effect of products on number of onion bulbs with diameter of 1-2 inches or more than 2
inches grown in a white rot trial, 2000. Means labeled with the same letter are not significantly
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Among Turface clay treatments, Maxim and the low rate of Dividend performed
similarly to the untreated control and were not significantly different.

Other Turface clay treatments performed significantly better than the untreated control.
Increasing rates of Folicur applied in this manner yielded an increasing number of non-
infected bulbs, and a proportional shift from smaller to larger bulbs. The higher rate of
Dividend applied with clay performed as well as all rates of Folicur. With more uniform
flow and placement of a pelletized or granulated formulation, this performance might
improve.

Discussion

Combinations of Folicur seed treatment with in-season banded sprays performed well
where Folicur was banded twice during the season. We reasoned that the seed treatment
would provide short-term protection until root systems were well established. We hoped
that Folicur, applied over the top of the bed prior to irrigations, would move down to
protect the bulb and upper root system from white rot control. Our timing of application
was based simply on guesswork. Future work could include variations on timing and
rates of application. We suspect that much of the late-occurring white rot that developed
in these treatments might have been excluded with a banded application applied in mid to
late August.

We had expected good disease control from the broadcast application of Folicur over the
whole bed (not just the bed top), applied three times and at somewhat higher rates of
application. However, this treatment was only moderately successful, probably because
insufficient product was focused near to bulbs themselves.

In future, we might concentrate band sprays even more tightly near the planting line; it is
very possible that our bed-top banded sprays were less focused than might be optimal.

We are encouraged by the substantial improvements in white rot control using fungicides
applied both on clay and banded over the top of the bed. We can improve the way we
plant and manage the onions, and we can improve the precision of application of
granulated or pelletized products by using better machinery than was used in 2000. By
trying different timing, rates, and bandwidths, we expect that banded in-season sprays
might work much better than demonstrated in this trial. In summary, we are greatly
encouraged that white rot control of onions might be achieved comparable to our relative
success with garlic. Onions do, however, pose a more technical challenge of application
than garlic.
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EVALUATION OF INSECTICIDES FOR APHID CONTROL IN SEED
CARROTS, 2000

Marvin Butler and Bruce Martens

Abstract

The insecticides Fulfill, Orthene, Capture, and Vydate were evaluated for aphid control
on seedling carrots grown for seed. Aphids,collected using a shaker can, were
predominantly willow-carrot aphids with some green peach aphids present. Orthene
provided the best aphid control, while the other products did not significantly reduce
aphids compared to the untreated control.

Introduction

Aphid control in carrots is important to the carrot seed industry of central Oregon. Aphid
populations can reach treatable levels in the fall (after an August planting) or the
following spring. Capture is commonly used for aphid control, while Orthene is the
preferred material for use on lygus. The objective of this research was to evaluate the
new insecticide Fulfill as well as Vydate against the industry standard materials.

Methods and Materials

Plots 10 ft x 25 ft were replicated three times in a randomized complete block design in a
commercial seed carrot field near Madras, Oregon. Plots were blocked across two male
rows, four female rows, and then two male rows that were covered with Poly-Acryl for
the winter. Insecticides Fulfill, Capture, Orthene, and Vydate were applied May 8 with a
CO2-pressurized, hand-held boom sprayer at 40 psi and 20 gal/acre water. Silgard 309 at
0.25 percent v/v was applied in combination with all insecticides.

Treatments were evaluated May 18, May 25, June 7 and June 16. Five plants from each
of the two center rows (for a total of 10 plants) per plot were randomly collected and
placed in a shaker can with methyl ethyl ketone to release the aphids from the foliage.
Aphids were collected in a jar at the base of the funnel-shaped shaker can and transferred
in vials of ethanol. After being separated from the soil and plant debris, the aphids were
identified and counted.

Results and Discussion

Aphids collected were predominately willow-carrot aphids with some green peach aphids
present. Of the insecticides evaluated, Orthene provided the best aphid control (Table 1).
There were no statistical differences in aphid control between the other insecticides and
the untreated check.
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Table 1. Aphids per plot following treatment with insecticides May 8 in seed carrots near
Madras, Oregon, 2000.

Treatment Product/a
Number of aphids

May 18 May 25	 June 5 June 16

Orthene 1.3 lb 13 al 5 a 3 9
Capture 6.4 oz 25 ab 13 ab 9 30
Fulfill 2.8 oz 21 ab 24 b 28 28
Fulfill 4 oz 38 ab 15 ab 35 16
Vydate 2 qt 42 ab 21 ab 8 18
Untreated 65 b 15 ab 17 30

NS NS
Mean separation with Student-Newman-Keuls P 0.05.
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EVALUATION OF HERBICIDE APPLICATIONS
ON SEED CARROTS, 1999-2000

Marvin Butler and Bruce Martens

Abstract

Herbicides Caparol and Lorox were applied both broadcast in the fall, and at layby in the spring
to seed carrots near Madras, Oregon. Essentially total control of henbit, flixweed, China lettuce
and common groundsel was provided by the preemergence activity of Caparol alone and in
combination with Lorox. No crop injury was observed after either the fall or spring applications.

Introduction

Caparol 4L (prometryn) received registration for postemergence broadleaf and grass control in
seed carrots, parsley, dill, and parsnips in Washington in 1996. To receive registration in
Oregon, Caparol data were generated in central Oregon for seed crops of carrots, parsley,
coriander, and dill. There was concern at the Oregon Department of Agriculture about some
winter stunting observed following fall applications, so the label was written for spring
application only. When the label reached the U.S. Environmental Protection Agency, coriander
and dill were deleted from the label because of the possibility that seed could be diverted into the
food supply rather than being used for crop production. The object of this project is to provide a
second year of data related to crop safety on seed carrots.

Methods and Materials

Herbicide evaluations were conducted on the female rows of hybrid carrots north of Madras on
the Agency Plains. Caparol 4L at 2 pt/acre and 4 pt/acre, and Caparol at 2 pt/acre plus Lorox at
1 lb/acre were applied November 7, 1999, and April 12, 2000 to the same plots. Plots 10 ft x 20
ft were replicated three times in a randomized complete block design. Herbicides were applied
with a CO2 -pressurized, hand-held, boom sprayer at 40 psi and 20 gal/acre water. Plots were
evaluated for stunting after the first application on January 12 and February 2, and after the
second application on May 25 for crop injury. Efficacy was evaluated February 23 by counting
the number of henbit, flixweed, China lettuce, and common groundsel plants per plot.

Results and Discussion

Since the plots were clean when Caparol was applied, efficacy (Table 1) is the result of
preemergence activity of Caparol alone and in combination with Lorox. Although there was
adequate weed pressure in untreated plots, Caparol at 2 pt/acre, Caparol at 4 pt/acre and Caparol
at 2 pt/acre plus Lorox at 1 lb/acre provided essentially total control of henbit, flixweed, China
lettuce, and common groundsel. No stunting attributable to treatments was observed for any of
the three evaluation dates.
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Table 1. Effect of herbicides applied November 7 to seed carrots and evaluated February 23,
2000, near Madras, Oregon.

Treatment Rate(product/a)
Weed control (average number of weeds/plot)

henbit flixweed China lettuce groundsel

Caparol 2 pt 0 0 b' 0 b 0
Caparol 4 pt 0 0.3 b 0 b 0.3
Caparol 2 pt 0 0 b 0 b 0
+Lorox 1 lb
Untreated 24 14 a 13 a 5

NS NS
Mean separation with least significant test (LSD) P 0.05; means followed by the same letter

are not significantly different.
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CARROT SEEDLING HERBICIDE TOLERANCE, 2000

Marvin Butler and Bruce Martens

Abstract

Herbicides Fusilade, Caparol, Lorox, Buctril, and Assure II were evaluated for crop safety on
seed carrots in the cotyledon to two true leaf stage. Fusilade, Lorox and Assure II had no
observed effect on seedling carrots, while Caparol reduced stand by 80 percent and Buctril by
100 percent.

Introduction

Early-season weed control is important for establishing a strong carrot stand for seed production
in central Oregon. The objective of the project was to evaluate several herbicides for crop safety
shortly after carrot emergence.

Methods and Materials

Unreplicated plots 10 ft x 20 ft were placed in a commercial seed carrot field near Madras,
Oregon. Herbicides Fusilade, Caparol, Lorox, Buctril, and Assure II were applied August 28
when carrots were in the cotyledon to two true leaf stage. Application was made with a CO 2

-pressurized, hand-held boom sprayer at 40 psi and 20 gal/acre water. A non-ionic surfactant was
applied at 0.5 percent volume per volume (v/v) in combination with all herbicides, except Assure
II where crop oil concentrate was applied at 1 percent v/v per label directions.

Treatments were evaluated September 11 with a visual determination of percent plants killed. In
addition, plants were collected from one row-foot from each of the two center rows per plot.
Data collection included total weight per sample and average root length and width.

Results and Discussion

Fusilade, Lorox, and Assure II had no observed detrimental effect on seedling carrots (Table 1).
However, Buctril produced a total kill and Caparol reduced the stand by 80 percent.

Table 1. Effect of herbicide applications to seedling carrots near Madras, Oregon,
August 8, 2000.

Herbicide Product/acre
Percent
stand

Seedling
number

Total
weight (g)

Root (mm)
Length Width

Fusilade 1 pt/a 100 40 108.0 89.8 5.14
Caparol 2 pt/a 20 10 2.0 52.4 1.05
Lorox 1.5 lb/a 100 31 34.7 73.4 3.07
Buctril 2 pt/a 0 0 0 0 0
Assure II 12 oz/a 100 52 123.6 84.0 4.38
Untreated 100 39 71.8 89.1 3.94
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EVALUATION OF HERBICIDES FOR CONTROL OF CHEATGRASS
IN KENTUCKY BLUEGRASS, 1999-2000

Marvin Butler, Ron Burr, Brett Dunn, and Jim Carroll

Abstract

Unreplicated plots were placed in a seedling commercial Kentucky bluegrass seed field near
Culver, Oregon, to evaluate Axiom alone and in combination with other herbicides for control of
cheatgrass. Axiom caused unacceptable stunting and reduction in seed set, while providing poor
control of cheatgrass unless followed by a Goal plus Sinbar application. Beacon followed by
Beacon plus Sinbar provided 85-90 percent cheatgrass control, without detectable damage to the
crop or seed production.

Introduction

Cheatgrass control in Kentucky bluegrass is a major concern to the grass seed industry in central
Oregon. Contaminated seed lots must either be re-cleaned at a significant cost to the grower or
largely remain unmarketable. These unreplicated herbicide plots were established at the edge of
a seedling field where the cheatgrass was still small in size for evaluation of Axiom alone and in
combination with Goal and Sinbar. These Axiom treatments were compared to Beacon and an
untreated control.

Methods and Materials

Unreplicated plots were placed in a seedling commercial Kentucky bluegrass (cultivar
`Geranimo') seed field near Culver. Herbicides Beacon and Axiom alone or in combination with
Goal were applied October 29, followed by application of Beacon plus Sinbar or Goal plus
Sinbar on November 18. Treatments were applied to 10 ft x 30 ft plots with a CO 2 pressurized,
hand-held boom sprayer at 40 psi and 20 gal/acre water. Plots were evaluated for discoloration
of the Kentucky bluegrass prior to the second application November 18; for percent cheatgrass
and percent stunting on February 8, April 7, and May 11; and for percent seed set on July 6.

Results and Discussion

Beacon provided the best balance between cheatgrass control (85-90 percent), damage (0
percent) to seedling Kentucky bluegrass plant growth and seed production (Table 1). Axiom at
13 oz/acre provided 10 percent cheatgrass control, while producing an unacceptable 40 percent
stunting and 30 percent reduction in seed set. Axiom at 11 oz/acre in combination with Goal at 4
oz/acre increased cheatgrass control to 20 percent while causing the same amount of stunting and
reduction in seed set. Axiom at 13 oz/acre followed by Goal at 10 oz/acre plus Sinbar at 0.75
lb/acre provided the best cheatgrass control (95-98 percent), but also increased stunting to 60
percent and seed set was only 60 percent of the untreated. Axiom plus Goal produced greater
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discoloration to the crop than Axiom alone when evaluated just prior to the second application
November 18.

Table 1. Effect of herbicides on cheatgrass control, percent stunting and percent seed set in a
seedling Kentucky bluegrass seed production field near Culver, Oregon, 1999-2000.

Treatment
Application/acre Cheatgrass Control (%) % Stunting % Seed Set

Oct. 23 Nov. 18 Feb. 8 Apr. 7 May 11 Apr. 7 May 11 Jul. 6

Axiom 13 oz 10 0 0 40 0 30
Axiom 11 oz 20 0 0 40 0 30
+ Goal 4 oz
Axiom 11 oz 95 90 80 40 0 70
Goal 10 oz
+ Sinbar 0.75 lb
Axiom 13 oz 98 98 95 60 20 60
Goal 10 oz
+ Sinbar 0.75 lb
Axiom 11 oz 95 95 90 60 10 50
+ Goal 4 oz
Goal 10 oz
+ Sinbar 0.75 lb
Beacon 0.38 oz 85 90 85 0 0 100
Beacon 0.38 oz
+ Sinbar 0.75 lb
Untreated 0 0 0 0 0 30

- 68 -



REPORT OF GRASS-FEEDING MOTHS COLLECTED IN COMMERCIAL
KENTUCKY BLUEGRASS FIELDS OF CENTRAL AND EASTERN OREGON, 2000

Marvin Butler and Paul Hammond

Abstract

Moths were collected in black-light traps from three Kentucky bluegrass seed fields each in the
Grande Ronde Valley, Union County, Oregon and the Madras and Culver areas of central
Oregon, Jefferson County, during mid to late June, 2000. Moths were 99 percent Protagrotis
obscura. Ten times as many moths were collected in fields from the Grande Ronde Valley than
fields from central Oregon across the three collection dates.

Introduction

A detailed study of moths collected in black-light traps was conducted in the Grande Ronde
Valley near La Grande and near Madras and Culver in central Oregon during 2000. This study
expands on an earlier three-year study of field sites on the Rathdrum Prairie in Idaho, sites in
Jefferson County in central Oregon, and sites in the Grande Ronde Valley of Union County in
northeast Oregon from 1996 to 1998. The previous work was more qualitative, while the present
study specifically examines the quantitative abundance of various species of moths over a longer
time period.

Methods and Materials

Moths were collected from three fields were collected in the Grande Ronde Valley (Coventry,
Abbey North, Abbey South) on June 13, June 22 and June 27. Likewise, collections were made
from three fields were collected in central Oregon of Jefferson County (Kelly, Geranimo North,
Geranimo South,) on June 12, June 21, and June 26. Moths were sampled using a single
universal black-light trap placed 100 ft. from the edge of each field at dusk and insects were
collected the following morning. A Bio-Strip 2.5 x 6-inches fumigant strip was placed in the
bottom of the traps to kill the moths. Moths were placed in one gallon zip-lock bags and
refrigerated until placed in a freezer. They were later thawed and identified by Paul Hammond.

Results and Discussion

Nearly 30,000 moths (29,997) were collected at all sites during this study. This included 58
moths representing 16 species that feed on herbs and hardwoods, and were merely strays flying
through the area. By contrast, 29,939 moths of 11 species that feed on grasses were collected in
these fields; of that number, 29,772 (99 percent) were Protagrotis obscura and only 167 (1
percent) comprised the remaining 10 species.

Table 1 shows the total numbers for all grass-feeding moths collected at each site in 2000.
Protagrotis obscura was abundant in the central Oregon fields, but numbers were modest
compared to the extraordinary numbers of this species found in the Union County fields. The
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Coventry field in particular produced 14,733 individuals of P. obscura including 9,431 in a
single trap from a single night. This must represent a substantial amount of bluegrass biomass
that was converted into moth biomass within this field. In dramatic contrast, the remaining 10
species were collectively insignificant in number, and only 6 species were frequent to moderately
common.

Post-harvest field burning may be an important limiting factor for these latter species. Most
moths lay their eggs in dead or live vegetation on the ground; they then overwinter either as
young larvae or dormant eggs. Field burning would normally kill most of these early stages, and
few larvae would probably survive to become adult moths the following year. However, P.
obscura tends to be a subsurface burrower in the soil, and eggs and larvae may be well protected
from fire. In the absence of competitors and alternate hosts for predators and parasites, P.
obscura may be free to expand into the huge population levels observed in this study.

Still, it is interesting that smaller numbers of P. obscura occurred in the central Oregon fields,
suggesting that some limiting factor may be impacting the central Oregon populations that is
absent from Union County. Clearly, the biology and ecological interactions that may affect the
reproductive success of the species must be complex. One potential factor could be flocks of
exotic European starlings (Sturnus vulgaris) that are ground foragers on soil invertebrates.
Although this bird is usually considered to be a noxious pest itself, it could be an important
biocontrol agent against soil cutworms in agricultural field systems.

Of the other species, two climbing cutworms and two soil cutworms were also present in both
central and eastern Oregon fields. Of the climbing species, Aletia oxygala was fairly common in
Union County fields while Leucania farcta was less common. Likewise with the soil cutworms,
Crymodes devastator was common while Apamea amputatrix was less frequent. Agroperina
dubitans, a soil cutworm previously found to be quite common on the Rathdrum Prairie in Idaho,
was present but rare in Union County and did not occur in the Jefferson County fields.

Two species of sod webworm pyralid moths were also collected in this study. Chrysoteuchia
topiaria (cranberry girdler) was frequent in northeastern Oregon, particularly in the Abbey North
field, but did not appear in central Oregon fields. A second species of sod webworm, Pediasia
dorsipunctella, occurred in both areas but was not common.

Two species of grass-feeding cutworm moths appeared in 2000 that were not seen during the
1996-1998 study. Apamea cuculliformis is normally a rare species, and was probably just
incidental in the bluegrass fields. However, Dargida procincta was collected in both central and
eastern Oregon during the 2000 field season. This species has an early flight season, and was
probably missed during the previous study where collections were only made in late June.
Kamm (1985) found D. procincta to be an important pest of ryegrass seed fields in the
Willamette Valley of western Oregon. This species is not strongly attracted to black-light traps,
and it was probably more common than the numbers in Table 1 would indicate.

Seasonal population dynamics for the most common cutworms are illustrated in Figures 1-5.
Figure 1 shows that numbers of Protagrotis obscura were consistantly higher in the Union
County fields compared to the Jefferson County fields during 2000. Numbers gradually
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increased through June in the Union County fields, and dramatically increased in the Coventry
field by June 27.

The remaining cutworm species only occurred in sufficient numbers within the Union County
sites to be considered in Figures 2-5. Apamea amputatrix (Fig. 2) was absent or at very low
numbers except for a slight increase in the Coventry field in late June. Crymodes devastator
(Fig. 3) showed a similar pattern but increased in all three fields in late June, again with the
Coventry field having the highest numbers. Leucania farcta (Fig. 4) was absent until late June
when low numbers occurred in all three fields. Aletia oxygala (Fig. 5) was absent or rare in early
June, gradually increased in mid-June, and greatly increased in all three fields by late June.
Again the Coventry field showed a particularly dramatic increase of A. oxygala in late June.

In summary, all grass feeding moths were at moderate numbers (Protagrotis obscura) or
extremely low numbers (all other species) in the Jefferson County fields. By contrast, most
species occurred at proportionately much higher numbers in the Union County fields, with 99
percent of these moths consisting of P. obscura. All species in Union County fields increased in
abundance through June with the highest numbers occurring in late June. The Coventry field
produced proportionately parallel increases in four species that became particularly dramatic by
the end of June, including P. obscura, Apamea amputatrix, Crymodes devastator, and Aletia
oxygala.
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Table 1. Total number for all grass-feeding moths collected at each site in 2000.

Union County	 Jefferson County

Genus species
Abbey	 Abbey	 Geranimo	 Geranimo
North	 South	 Coventry	 South	 Kelly	 North

Protagrotis obscura	 8,051	 4,568	 14,733	 845	 586	 989
Apamea amputatrix	 2	 2	 6	 0	 0	 1
Apamea cuculliformis	 0	 0	 0	 0	 1	 0
Agroperina dubitans 	 1	 0	 0	 0	 0	 0
Crymodes devastator	 6	 6	 11	 1	 0	 4
Chortodes rufostrigata 	 0	 0	 0	 1	 0	 0
Aletia oxygala	 8	 14	 35	 1	 1	 1
Leucania farcta	 4	 4	 4	 3	 1	 0
Dargida procincta 	 1	 1	 0	 0	 1	 0
Chrys. Topiaria	 7	 27	 3	 0	 0	 0
Ped. dorsipunctella	 2	 4	 2	 0	 0	 1

Total 8,082	 4,626	 14,794	 851	 590	 996

June 12/13 June 21/22 June 26/27

Figure 1. Seasonal emergence number of Protagrotis obscura in Kentucky bluegrass fields at
each site in 2000.

- 72-



12

1 0

—•— Coventry
—13—Abbey N

—A—Abbey S

8-

4

2

0

June 13 June 22 June 27

Figure 2. Seasonal emergence numbers of Apamea amputatrix in Kentucky bluegrass fields at
Union County sites in 2000.
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Figure 3. Season emergence numbers of Crymodes devastator in Kentucky bluegrass fields at
Union County sites in 2000.
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Figure 4. Seasonal emergence numbers of Leucania farcta in Kentucky bluegrass fields at Union
County sites in 2000.
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EVALUATION OF HERBICIDES FOR CONTROL OF BROADLEAF
WEEDS IN KENTUCKY BLUEGRASS, 2000

Marvin Butler and Jim Carroll

Abstract

Broadleaf herbicides Peak, Express, 2,4-D, and Bronate were evaluated in a first-year
commercial Kentucky bluegrass seed field near Madras, Oregon. Weeds were 4 to 8 inches tall
when herbicides were applied. None of the herbicide treatments controlled dog fennel or
buttonweed, while flixweed was controlled by all herbicide treatments except Bronate. 2,4-D
provided total control of shepherdspurse either alone or in combination with other herbicides.
Peak provided 100 percent control of flixweed at either rate and 100 percent control of
shepherdspurse at 1 oz/acre. Express at 0.5 oz/acre provided 100 percent control of flixweed and
67 percent control of common groundsel.

Introduction

Broadleaf weeds in Kentucky bluegrass seed fields in central Oregon are generally controlled
with 2,4-D, Bronate, and Express. The objective of this project was to evaluate against the
industry standards a new broadleaf herbicide, Peak, which is similar to Express but expected to
have greater crop safety on grasses.

Methods and Materials

Herbicides Peak, Express, 2,4-D and Bronate alone and in combination were evaluated in a first-
year commercial Kentucky bluegrass seed field near Madras, Oregon. Plots 9 ft x 30 ft were
replicated three times in a randomized complete block design. Treatments were applied with a
CO2-pressurized, hand-held boom sprayer at 40 psi and 20 gal/acre water. A non-ionic
surfactant was applied at 0.25 percent volume/volume in combination with all herbicides.
Treatments were applied April 12 when the weeds were 4 to 8 inches tall.

Plots were evaluated for the presence of dogfennel, flixweed, shepherds purse, buttonweed,
henbit, and groundsel on May 31, 2000. Because of the growth of the crop and weeds present,
each species was considered either present or absent without determining the percent control or
the number of plants present.

Results and Discussion

Weeds were mature when the herbicides were applied, and this undoubtedly reduced the
herbicide efficacy. The weed spectrum across the untreated plots was 59 percent dog fennel, 25
percent flixweed, 5 percent shepherdspurse, 5 percent buttonweed, 4 percent henbit, and 2
percent common groundsel.
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None of the herbicides controlled dog fennel or buttonweed (Table 1). Flixweed was controlled
by all herbicide treatments but Bronate. Peak provided complete control of flixweed and
shepherdspurse at 1.0 oz/acre, 33 percent control of shepherspurse at 0.5 oz/acre, 33 percent
control of henbit at either rate, and no control of either buttonweed or common groundsel. Both
alone or in combination with other herbicides, 2,4-D provided 100 percent control of
shepherdspurse. Express at 0.5 oz/acre controlled all of flixweed, 67 percent of common
groundsel and 33 percent of shepherdspurse.

Table 1. Efficacy of herbicides applied to Kentucky bluegrass April 12,2000, for broadleaf weed
control and evaluated May 31, 2000, near Madras, Oregon.

Treatment Rate/acre

Weed control (%)

Dog fennel Flixweed
Shepherds-

Purse
Button-
weed Henbit

Common
groundsel

Peak 0.5 oz 0 100 a' 33 b 0 33 0	 b
Peak 1.0 oz 0 100 a 100 a 0 33 0	 b
Peak
+ 2,4-D

0.5 oz
1.0 pt

0 100 a
a

100 a 0 0 0	 b

Express 0.5 oz 0 100 a 33 b 0 0 67	 a
Express
+ 2,4-D

0.3 oz
1.0 pt

0 100 a
a

100 a 0 0 33	 a

2,4-D 1.5 pt 0 100 a 100 a 0 0 0	 b
Bronate 1.0 qt 0 0 b 33 b 0 0 33	 a
Untreated 0 0 b 0 b 0 0 0	 b

NS NS NS
Mean separation with Student-Newman-Keuls P 0.05.
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EVALUATION OF FUNGICIDES FOR CONTROL OF POWDERY MILDEW
IN KENTUCKY BLUEGRASS IN CENTRAL OREGON, 2000

Marvin Butler

Abstract

Fungicides were evaluated for control of powdery mildew in two commercial Kentucky
bluegrass seed fields near Madras, Oregon. Adjacent sets of plots were established in both fields
for application at the first sign of the disease and after moderate levels of the disease had
developed. Fungicides were reapplied to the early plots once they began losing their
effectiveness. All fungicides significantly reduced powdery mildew compared to untreated plots,
and generally provided similar disease control. However, there were significant differences
between fungicide performance on some evaluation dates, with Quadris plus Microthiol
providing less control and Tilt alone or in combination with Microthiol or Rally (Laredo) alone
providing better control than other fungicide treatments.

Introduction

Fungicides were evaluated for control of powdery mildew in Kentucky bluegrass during 1998
and 1999. The new fungicides Quadris, Folicur, and Rally (Laredo) were compared to industry
standards and other registered fungicides. During 2000 the first objective was to evaluate the
fungicides, some of which were applied in combination with sulfur (Microthiol), applied at the
first sign of disease infection, The second objective was to evaluate fungicides applied after
moderate levels of powdery mildew had developed, as in previous years. In addition to plots
being evaluated separately, the performance of fungicides could be evaluated for differences in
application timing.

Methods and Materials

Fungicides were evaluated for control of powdery mildew in commercial fields of Kentucky
bluegrass (`Merit' and `Geronimo') grown for seed near Madras, Oregon. The fungicides Rally
(Laredo), Tilt, Stratego, Folicur, Bayleton, and Quadris plus Microthiol were applied to 10-ft x
25-ft plots replicated four times in a randomized complete block design.

One set of plots was treated at the first sign of disease on April 8, and again on May 19 when the
disease began to reappear. Treatments for the first and second applications were the same except
for treatments 3 and 4, which were initially treated with Tilt but were followed by Quadris at 6
oz/acre plus Microthiol and Quadris at 9 oz/acre plus Microthiol, respectively. The second set of
plots (adjacent to the first plots in the same two fields) were treated April 26 once powdery
mildew was established. All fungicide treatments were applied with TeeJet 8002 nozzles on a 9-
ft, CO2-pressurized, hand-held boom sprayer at 40 psi and 20 gal of water/acre. Crop oil
concentrate at 1 percent volume/volume was applied with fungicides to the first set of plots,
while Sylgard 309 was applied at 0.25 percent volume/volume with fungicides to the second set
of plots.
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Plots were evaluated with a rating scale from 0 to 5, with 0 being no mildew present and 5
indicating total coverage. Since the first set of plots were treated at the first sign of disease, no
pretreatment evaluations were made. These plots were evaluated April 17, April 24, May 2, May
10, May 18, May 26, and June 2. The second set of plots were evaluated before treatment April
25 and following treatment on May 3, May 10, May 17, May 24, and May 30.

Results and Discussion

In the early applications (Tables 1, 2) all fungicides significantly reduced disease compared to
untreated plots. All fungicides provided similar protection. On some evaluation dates there were
significant differences between fungicides, with Quadris plus Microthiol providing less control
and Tilt alone or in combination with Microthiol and Rally (Laredo) applications providing
better control than other fungicide treatments. Fungicides remained effective 32 days after
treatment, but performance was eroding by 40 days after treatments so follow-up treatments were
applied. There was some evidence that Tilt applied in combination with Microthiol performed
slightly (nonsignificantly) better than Tilt alone. No change in disease control was observed
when Tilt was followed by Quadris plus Microthiol rather than a second Tilt application.
However, there could be management reasons for using products with different modes of action.

Fungicides applied after disease establishment (Tables 3, 4) all significantly reduced disease
compared to the untreated plots, and all provided similar protection. Fungicides in these plots,
where application was delayed until powdery mildew had developed to moderate levels, had
begun losing effectiveness by 34 days after treatment.
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Table 1. Powdery mildew ratings' on Kentucky bluegrass (`Merit') near Madras, Oregon following fungicide application on April 8
and reapplication May 19, 2000.

Treatment2 Rate
(product/acre)

Evaluation dates
April 17 April 24 May 2 May 10 May 18 May 26 June 2

Quadris + Microthiol 6 oz + 5 lb 0.48 b 0.31 b 0.15 b 0.33 b 0.48 b 0.52 b 0.75 b
Quadris + Microthiol 9 oz + 5 lb 0.39 b 0.33 b 0.21 b 0.21 b 0.44 b 0.27 b 0.54 b
Tilt 6 fl oz 0.44 b 0 c 0 b 0.02 b 0.42 b 0.25 b 0.36 b

Quadris + Microthiol 6 oz + 5 lb
Tilt 6 fl oz 0.46 b 0.04 c 0 b 0.11 b 0.40 b 0.21 b 0.27 b
Quadris + Microthiol 9 oz + 5 lb

Tilt 6 fl oz 0.40 b 0.09 c 0 b 0.06 b 0.19 b 0.11 b 0.13 b
Tilt + Microthiol 6 fl oz + 5 lb 0.24 b 0.05 c 0 b 0 b 0.17 b 0.10 b 0.06 b
Stratego 10 fl oz 0.23 b 0.08 c 0 b 0.08 b 0.54 b 0.25 b 0.19 b
Rally 10 oz 0.45 b 0.05 c 0 b 0 b 0.17 b 0.15 b 0.04 b
Untreated 1.05 a 1.11 a 1.17 a 2.13 a 2.38 a 2.46 a 3.25 a

'Rating scale was 0-5, with 0 = no mildew and 5 = the leaves completely covered.
2A11 treatments applied with Sylgard 309 at 1 qt/100 gal.
3Mean separation with Student-Newman-Kuels Test at P < 0.05.



2. Powdery mildew ratings' on Kentucky bluegrass (`Geronimo') near Madras, Oregon following fungicide application on April 8
and reapplication May 19, 2000.

Treatments2 Rate
(product/acre)

Evaluation dates
April 17 April 24 May 2 May 10 May 18 May 26 June 2

Quadris + Microthiol 6 oz + 5 lb 0.59 0.80 Ab3 0.56 b 0.46 b 0.98 b 0.88 b 0.88
Quadris + Microthiol 9 oz + 5 lb 0.56 0.29 b 0.29 b 0.36 b 0.48 b 0.65 b 0.85 b
Tilt 6 fl oz 0.45 0.25 b 0.02 b 0.02 b 0.44 b 0.65 b 0.44 be
Quadris + Microthiol 6 oz + 5 lb

Tilt 6 fl oz 0.21 0.04 b 0 b 0.04 b 0.29 b 0.22 b 0.28 be
Quadris + Microthiol 9 oz + 5 lb

Tilt 6 fl oz 0.54 0.16 b 0 b 0.04 b 0.33 b 0.36 b 0.21 c
Tilt + Microthiol 6 floz+5 lb 0.44 0.19 b 0 b 0 b 0.23 b 0.13 b 0.15 c
Stratego 10 fl oz 0.53 0.31 b 0.10 b 0.09 b 0.37 b 0.48 b 0.33 be
Rally 10 oz 0.38 0.08 b 0 b 0.02 b 0.38 b 0.40 b 0.15 c
Untreated 0.99 1.29 a 1.44 a 1.65 a 2.15 a 2.65 a 2.67 a

ns
'Rating scale was 0-5, with 0 = no mildew and 5 = the leaves completely covered.
2All treatments applied with Sylgard 309 at 1 qt/100 gal.
3Mean separation with Student-Newman-Kuels Test at P < 0.05.
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Table 3. Powdery mildew ratings'on Kentucky bluegrass (`Merit') near Madras, Oregon following fungicide application on April 26,
2000.

Evaluation dates
Treatment2 Rate April 25 May 3 May 10 May 17 May 24 May 30

(product/acre)

(pre-trtmt)
Rally 8 oz 1.20 0.53	 B3 0.17	 b 0.02	 b 0	 b 0.19	 be
Rally 10 oz 1.29 0.75	 ab 0.17	 b 0.02	 b 0	 b 0.06	 c
Tilt 4 fl oz 1.11 0.61	 ab 0.17	 b 0	 b 0.08	 b 0.38	 be
Tilt 6 fl oz 1.20 0.74	 ab 0.19	 b 0.02	 b 0	 b 0.19	 be
Stratego 8 fl oz 1.06 0.40	 b 0.13	 b 0.06	 b 0.11	 b 0.19	 be
Stratego 10 fl oz 1.11 0.51	 b 0.11	 b 0.02	 b 0.04	 b 0.52	 be
Folicur 6 fl oz 1.30 0.80	 ab 0.29	 b 0.04	 b 0.19	 b 0.84	 b
Bayleton 4 oz 1.20 0.81	 ab 0.13	 b 0.06	 b 0.02	 b 0.32	 be
Untreated 1.30

ns
1.06	 a 1.67	 a 2.15	 a 2.81	 a 2.73	 a

2All treatments applied with Sylgard 309 at 1 qt/100 gal.
3Mean separation with Student-Newman-Kuels Test at P < 0.05.

Rating scale was 0-5, with 0 = no mildew and 5 = the leaves completely covered.



Table 4. Powdery mildew rating' on Kentucky bluegrass (`Geronimo') near Madras, Oregon following fungicide application on April
26, 2000.

Evaluation dates
Treatments2 Rate April 25 May 3 May 10 May 17 May 24 May 30

(product/acre)
(pre-trtmt)

Rally 8 oz 1.2 0.99 0.90 0.29	 B3 0.13	 b 0.46	 b
Rally 10 oz 0.95 0.86 0.33 0.23	 b 0	 b 0.17	 b
Tilt 4 fl oz 1.31 1.15 0.83 0.42	 b 0.25	 b 0.47	 b
Tilt 6 fl oz 1.34 1.19 0.98 0.71	 b 0.33	 b 0.38	 b
Stratego 8 fl oz 1.30 0.95 0.50 0.34	 b 0.10	 b 0.50	 b
Stratego 10 fl oz 1.39 0.90 0.46 0.23	 b 0.08	 b 0.34	 b
Folicur 6 fl oz 1.18 1.03 0.65 0.23	 b 0.15	 b 0.33	 b
Bayleton 4 oz 1.41 1.20 0.85 0.56	 b 0.27	 b 0.31	 b
Untreated 1.06 1.06 1.19 1.21	 a 1.52	 a 1.96	 a

NS NS NS
'Rating scale was 0-5, with 0 = no mildew and 5 = the leaves completely covered.
2All treatments applied with Sylgard 309 at 1 qt/100 gal.
3Mean separation with Student-Newman-Kuels Test at P < 0.05.
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EVALUATION OF PALISADE ON KENTUCKY BLUEGRASS, 2000

Marvin Butler

Abstract

The growth regulator, Palisade (Novartis) was evaluated on a commercial Kentucky bluegrass
seed field (var. `Geronimo') near Madras, Oregon. Palisade at 11 oz/acre, 22 oz/acre and 33
oz/are was applied at each of the following growth stages: when one to two nodes were
detectable (Feekes 7), when the heads were just emerging (Feekes 10.1), and when heads
extended just above the flag leaf (Feekes 10.4). Yields were increased by 36 percent by Palisade
applied at 22 oz/acre from detection of the first and second node (Feekes 7) to when the head just
becomes visible (Feekes 10.1) compared to untreated plots. Increasing the rate of Palisade
increasingly reduced plant height and lodging. Late application when the heads extended just
above the flag leaf (Feekes 10.4) produced the greatest reduction in plant size, while plants
tended to outgrow the effect of earlier Palisade applications. There were no differences between
treatments in weight per 1,000 seeds. Percent germination for Palisade-treated plots was equal to
or better than the untreated plots.

Introduction

Research evaluating Palisade on ryegrass in the Willamette Valley from 1997 to 1999 indicates
reduced lodging and increased yields with application of the growth regulator. Although lodging
is not often a problem in Kentucky bluegrass grown in central Oregon, a cost-effective method of
increasing yields would generate interest in the industry for Palisade. First-year research using
Palisade on Kentucky bluegrass during 1999 provided promising increases in yield.

Methods and Materials

Plots 10 ft x 25 ft were replicated four times in a randomized complete block design in a
commercial `Geronimo' Kentucky bluegrass field near Madras, Oregon. The first treatment of
Palisade was applied at 11 oz/acre, 22 oz/acre and 33 oz/acre to plots on April 26 at Feekes 7,
when one to two nodes were detectable. A second set of plots was treated at the three rates on
May 10 at Feekes 10.1, when the head was just becoming visible. The late treatments were
applied May 22 at Feekes 10.4, when heads extended just above the flag leaf Treatments were
applied with a CO2-pressurized, hand-held boom sprayer at 40 psi and 20 gal/acre water using
TeeJet 8002 nozzles. Plots were evaluated for plant height on May 26, June 12, and June 29. No
lodging had occurred by May 12, but lodging was evaluated on June 12 and June 29.

Prior to harvest, a Jari mower was used to cut 3-foot alleyways across the front and back of each
row of plots. A 3-ft. by 22-ft. portion of each plot was harvested with a swather June 29.
Samples were placed in large bags and hung in an equipment shed to dry, and then transported to
Corvallis, Oregon, for combining with a Hege 180 at the Hyslop Farm. The seed was cleaned at
the Hyslop Farm by Tom Silberstein. Thousand seed counts were conducted using the seed-
conditioning lab at the National Forage Seed Production Research Center, Corvallis, Oregon, and
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germination testing was done on the Central Oregon Agricultural Research Center, Madras,
Oregon.

Results and Discussion

Yields were increased 36 percent by Palisade applied at 22 oz/acre from detection of the first and
second node (Feekes 7) to when the head just becomes visible (Feekes 10.1) compared to
untreated plots. Palisade at 33 oz/acre did not increase yields over the 22 oz/acre rate for any of
the three application timings. On the early application date (Feekes 7) the 22 oz/acre rate
significantly increased yields over the 11 oz/acre rates, as well as the untreated plots.

Increasing the rate of Palisade application increasingly reduced plant height and lodging. The
late application, when the heads extended just above the flag leaf (Feekes 10.4), produced the
greatest reduction in plant height and lodging. Plants outgrew earlier Palisade applications when
the first and second nodes were detectable (Feekes 7) and the heads were just visible (Feekes
10.1).

There were no significant differences between treatments for weight per 1,000 seeds. There
were differences in percent germination, but all Palisade treatments had equal or greater percent
germination than the untreated plots.

Table 1. Effect of Palisade growth regulator on plant height and lodging of Kentucky bluegrass,
Madras, Oregon, 2000.

Palisade 250EC
Applic.

date
Plant height (inches) Lodging (%)

May 26	 June 12 June 29 June 12 June 29

11 oz 4/26 20.3 Abc' 27.8 bc 28.8 abc 33 b 48 ab
22 oz 4/26 17.3 d 26.5 d 28.3 abc 0 c 5 cd
33 oz 4/26 14.8 e 25.0 e 27.0 cd 0 c 0 d
11 oz 5/10 21.5 ab 28.5 ab 29.0 ab 8 bc 30 bc
22 oz 5/10 18.5 cd 27.3 cd 28.3 abc 5 c 18 cd
33 oz 5/10 16.8 d 26.3 d 27.5 bc 1 c 0 d
11 oz 5/22 21.5 ab 26.8 cd 28.3 abc 3 c 6 cd
22 oz 5/22 20.5 ab 24.5 e 25.5 de 0 c 0 d
33 oz 5/22 20.0 bc 22.8 f 23.8 e 1 c 0 d
Untreated 22.0 a 29.3 a 29.8 a 63 a 65 a

'Mean separation with less significant difference P < 0.05.
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Table 2. Effect of Palisade growth regulator on yield, thousand seed weight, and percent
germination of Kentucky bluegrass, Madras, Oregon, 2000.

Palisade 250EC
Applic.

date
Seed Yield

pounds/A % of check

11 oz 4/26 2,140 Ab' 108 ab
22 oz 4/26 2,708 c 136 c
33 oz 4/26 2,617 be 132 ab
11 oz 5/10 2,214 abc 111 abc
22 oz 5/10 2,713 c 136 c
33 oz 5/10 2,221 abc 112 abc
11 oz 5/22 2,482 abc 125 abc
22 oz 5/22 2,377 abc 120 abc
33 oz 5/22 2,362 abc 119 abc
Untreated 1,989 a 100 a

	Above-ground	 1,000 Seed 	 Germination

	

biomass (T/A)	 weight (g)	 (%)

	

3.8	 ab	 0.438	 93.5	 c

	

4.1	 ab	 0.432	 90.3	 be

	

3.7	 b	 0.430	 90.0	 be

	

4.2	 ab	 0.440	 87.7	 be

	

4.7	 a	 0.431	 87.5	 be

	

4.5	 ab	 0.437	 85.7	 be

	

4.6	 a	 0.426	 85.4	 be

	

4.0	 ab	 0.430	 82.2	 ab

	

4.1	 ab	 0.436	 81.0	 ab

	

4.1	 ab	 0.431	 76.2	 a
NS

Mean separation with lee significant difference P < 0.05.

- 85 -



JEFFERSON COUNTY SMOKE MANAGEMENT PROGRAM
YEAR 2000 PIBAL OBSERVATIONS

Elizabeth Senderak and Marvin Butler

Introduction

This year the Pilot Balloon (Pibal) program focused mainly on incorporating the weather balloon
information into the daily routine of the Jefferson County Smoke Management Program.
Emphasis was put on burning more acres on better smoke dispersal days. Closer documentation
of smoke dispersal was conducted in an effort to provide more detailed decision-making
guidelines to the smoke management program. Observations indicated that the balloon travels
higher and farther within a 10-minute time frame than do smoke particles. Determination of the
height and distance smoke particles travel under specific wind speeds, wind directions, and with
or without the presence of an inversion is necessary for making better smoke dispersal
predictions. A second objective was to develop a protocol manual for the program manager
position.

Materials and Methods

Balloon releases occurred each morning between 8:30 and 9:00 a.m. and, if necessary, again
between 12:30 and 1:00 p.m. The morning Pibal wind directions and wind speeds were sent via
e-mail to Iry Tilling (Oregon State Department of Agriculture meteorologist), who then supplied
Jefferson County with a burn forecast for the day.

During balloon release, wind directions and wind speeds were determined at 1-minute intervals
for a period of 10 minutes during each session using an observation Theodolite System and 26-
inch-diameter helium-filled balloons. Each minute corresponds with the following above-ground
level elevations in feet: 709, 1,358, 2,008, 2,628, 3,248, 3,839, 4,429, 5,020, 5,610, and 6,201.
As with last year, the burn forecast used by the Jefferson County Smoke Management
Coordinator was based on the Pibal data, airplane temperature profiles, and a variety of
computerized weather models. Madras AgriMet air temperatures, humidities, wind directions,
and wind speeds from 8:00 a.m. to 10:00 p.m. were documented for each day.

A daily Jefferson County weather sheet was put together in an effort to combine most of the
pertinent weather information into an easy to read summary (Appendix I). Actual weather data
came from the Madras AgriMet weather station located at the Central Oregon Agricultural
Research Center. The wind speeds and directions were listed as ranges from 11:00 a.m. to 4:00
p.m. The wind speeds were recorded as hourly averages.

Results and Discussion

1999 vs. 2000 Weather
Management of smoke dispersal in August and September of 1999 was greatly challenged due to
many days where inversions severely limited burning the entire day, or when better mixing
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potentials would not occur until fairly late in the afternoon. Because of a Jefferson County
ordinance requiring all open burning to be extinguished by 5:00 p.m., burning later in the day is
not a very good option. In contrast, the 2000 weather patterns cooperated for good smoke
dispersal with fewer all-day inversions, frequent winds from the northwest, and several good
burning days spread evenly throughout the smoke management season. The number of days
where strong afternoon winds were predicted was greater in 2000 than in 1999. This accounted
for several days where open burning operations were completed by 2:00 or 3:00 p.m. When
compared to actual weather data, the tendency to be overly cautious in surface wind forecasts
was the rule rather than the exception, which is not a bad trait when it concerns fire safety.

General Weather Patterns
Surface winds changed directions usually by 11:00 a.m. and could change again by 3:00 p.m.,
but were observed to change directions at any time. Surface wind speeds were the calmest
between 11:00 a.m. and 1:00 p.m. and picked up in the afternoon but generally stayed at or
below an average of 5 mph until after 5:00 p.m. The biggest changes in transport winds occurred
below 3,000 ft. above ground and were apparent by the 12:30 p.m. balloon release.

Smoke Dispersal
Strong horizontal winds (6 mph and from the surface to 1,300 ft above ground) may keep smoke
dispersal low to the ground especially if combined with a low elevation inversion. Horizontal
dispersal of smoke can cause poor road visibility and lead to hazardous driving conditions.
Therefore it is critical to understand when these conditions may occur. Winds from the surface
to 3,000 ft. above ground generally affected smoke dispersal the most. A northwest wind regime
usually dispersed smoke from fields west of Highway 26 and north of Madras directly over
Madras, whereas smoke dispersal from fields east of Highway 26 and north of Madras by-passed
Madras.

Value of Pibal and Aircraft Information
The Pibal program has benefited the forecast ability of Jefferson County weather for the
following reasons. One, on several days in both seasons the Pibal recorded weather regimes that
were not apparent on any of the regularly used weather forecasting models. Secondly, the
computerized forecasting models were frequently unavailable for use due to technical difficulties
during 2000. The temperature profile gathered by aircraft continues to provide critical
information for determining the presence of inversions and predicting mixing heights, which
directly affect smoke dispersal.

Recommendations

1. Continue to release a minimum of one Pibal for each smoke management day.

2. Further solidify the smoke manager's daily job duties and descriptions into an orientation
manual for new hires. Suggest providing a video documenting smoke dispersal under
different wind conditions to foster a better understanding of the job.
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3. Enhance the predictability of smoke dispersal by releasing three or more balloons each
day for another season and try to better determine the mixing heights via a second
airplane run in the afternoons that would correlate with one of the balloon releases.

4. Continue to follow Iry Tilling's daily forecasts for open burning.

5. Update the ordinance to include enforceable guidelines for burning along roads.

6. Extend the smoke management season so management is provided for burning of carrot
and potato stubble to maintain program quality.
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EARLY BLIGHT CONTROL ON RUSSET NORKOTAH POTATOES

Steven R. James

Abstract

An experiment to evaluate the efficacy of the broad-spectrum fungicide Quadris
alternated with chlorothalonil on early blight was planted at the Powell Butte site of
Central Oregon Agricultural Research Center on May 23, 2000. The leaf area infected
with early blight was significantly less in the Quadris/Bravo treatments than the untreated
check plots after August 14. This effect was not observed in the Fluazinam-treated plots
until September. All of the fungicide treatments reduced early blight severity as
compared to the untreated check in September. There were no differences in percent leaf
area infected between the treatments that began with Quadris versus those that began
with Bravo or between the high and low rates of Quadris. The lowest total yields were
observed in the plots treated with the highest rate of Quadris. There were no differences
among the treatments in yields of U.S. No. 1 grade, undersize (<4 oz.), or culls.

Introduction

Early blight (Alternaria solani) is a leaf-spot disease that attacks potato leaves, stems and
tubers. It is one of the most common annually occurring foliar diseases of potatoes in
central Oregon. Early blight is most severe under alternately wet and dry conditions;
consequently, the problem is observed frequently in sprinkler-irrigated potato growing
regions. If not controlled, it can reduce both tuber yield and quality in some cultivars,
particularly Russet Norkotah and Shepody (Douglas and Garner 1974; James 1991).

Quadris is a relatively new fungicide developed by Zeneca Ag Products that has shown
promise in controlling early blight in initial field testing. Azoxystrobin, the active ingredient
in Quadris, was derived from naturally occurring fungicides (strobilurins) produced by
various species of edible, wood-decaying fungi. The active portion of the azoxystrobin
molecule was enhanced to make it stable in sunlight and to provide some degree of systemic
activity. It is a broad-spectrum fungicide in a new class of compounds called 13-
methoxyacrylates. Quadris is highly active at low rates of application, has low acute toxicity,
is not persistent in the environment and is active against spore germination, mycelial growth
and sporulation. The chemistry works by inhibiting fungal mitochondrial respiration.

This study was designed to evaluate the efficacy of Quadris application rates alternated with
chlorothalonil on the development of early blight on Russet Norkotah potatoes.

Materials and Methods

An experiment to evaluate the efficacy of the broad-spectrum fungicide Quadris alternated
with chlorothalonil (Bravo Weather Stik) on early blight was planted at the Powell Butte site
of Central Oregon Agricultural Research Center on May 23, 2000. The experiment was
planted with the cultivar Russet Norkotah and arranged in a randomized block design with
four replications. Individual plots were 22.5 ft. long by 6 ft. wide (two rows) and were
bordered on each end with a 5 ft. implanted area. Each of the two rows in a plot contained 30
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seed pieces, spaced 9 in. apart. Fertilizer was banded at planting at a rate of 1,100 lb/acre of
19.4 (N), 14.6 (P205), 14.6 (K20) and 6.4 (S). The experiment was cultivated, sprinkler
irrigated, and managed according to practices commonly used in central Oregon.

The following treatments were included in the study:

1. Quadrisl lb. ai per acre alternated with Bravo (1.13 lb. ai per acre)
2. Quadris2 lb. ai per acre alternated with Bravo (1.13 lb. ai per acre)
3. Bravo 1.13 lb. ai per acre alternated with Quadris (0.1 lb. ai per acre)
4. Bravol.13 lb. ai per acre alternated with Quadris (0.2 lb. ai per acre)
5. Fluazinam 500F 0.26 lb. ai per acre
6. Untreated check

The Quadris, Bravo and Fluazinam treatments were initially applied on July 31 at 75 percent
row closure and continued every 2 weeks for the remainder of the growing season (August
13, August 28). Applications were made using a carbon dioxide-powered backpack sprayer
delivering 30 gal./acre at 32 psi with Teejet 8003 flat fan nozzles. Early blight was allowed
to develop naturally during the course of the growing season. All 60 plants in each plot were
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 31 and continued weekly through September 11. The area under the disease progress
curve (AUDPC) was calculated and used as an indicator of disease severity.

Vines were killed by frost (17.6°F) during the early morning of September 23, 2000. The
total production from each plot was harvested October 16, 2000. Plots were graded into four
size and three grade categories.

Results

No early blight lesions were observed when the plots received the first fungicide application
on July 31, 2000. Early blight was first observed on the plants during the first week of
August. Early blight progressed slowly during the first half of August, but increased later in
the month, especially in the untreated check plots (Figure 1). After August 14, the leaf area
infected with early blight was significantly less (P=0.05) in the Quadris/Bravo treatments
than in the untreated check plots. This effect was not observed in the Fluazinam-treated plots
until the September 4 and September 11 observations. All of the fungicide treatments
reduced early blight severity as compared to the untreated check (Figure 2). It was
impossible to score the plots for early blight infection after September 11 because of natural
vine maturity and senescence.

There were no differences in percent leaf area infected with early blight between the
treatments that began with Quadris versus those that began with Bravo. Also, there were no
differences in percent leaf area infected between the high and low rates of Quadris.
Table 1 summarizes fungicide effects on the percentage of plants with any early blight
lesions. Significantly fewer infected plants were observed in fungicide-treated plots as
compared with the untreated check on the August 14 observation date. At all other
observation dates, there were no differences in the percentage of plants with any early blight
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Figure 1. Fungicide effects on the total leaf area infected with early
blight in Russet Norkotah potatoes, Powell Butte, Oregon, 2000.
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lesions among the treatments. Unlike a similar experiment conducted in 1999, all plants in
all treatments eventually were infected with early blight (James 2000).

Fungicide effects on yield and tuber size of Russet Norkotah potatoes are summarized in
Table 2. The lowest total yields were observed in the plots treated with the highest rate of
Quadris. There were no differences in yields of U.S. No. 1 grade, undersize (<4 oz.) or culls
among the treatments.

Figure 2. Fungicide effects on early blight severity (AUDPC) in Russet
Norkotah potatoes, Powell Butte, Oregon, 2000.
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Table 1. Fungicide effects on the percent of plants with early blight lesions in Russet
Norkotah potatoes, Powell Butte, Oregon, 2000. 

Plants with early blight lesions (%) 
Treatment
	

Rate (lb ai/a)	 8/7	 8/14	 8/21	 8/28	 9/4	 9/11

Quadris/Bravo	 0.1/1.13	 3.3	 21.7	 48.3	 88.8	 100.0	 100.0
Quadris/Bravo	 0.2/1.13	 3.4	 18.7	 51.7	 88.7	 100.0	 100.0
Bravo/Quadris	 1.13/0.1	 2.1	 18.1	 51.7	 89.1	 99.6	 100.0
Bravo/Quadris	 1.13/0.2	 4.2	 19.2	 50.4	 87.1	 100.0	 100.0
Fluazinam	 0.26	 3.4	 20.4	 59.2	 90.8	 100.0	 100.0
Check	 6.6	 30.0	 65.9	 98.8	 100.0	 100.0

LSD 5%
	

NS	 5.7	 NS	 NS	 NS	 NS

Table 2. Fungicide treatment effects on yield of Russet Norkotah potatoes, Powell Butte,
OR, 2000.

Yield (cwt/a) 
Treatment	 Rate (lb ai/a)	 Total	 U.S. No.1 Undersize	 Culls

Quadris/Bravo	 0.1/1.13	 567	 487	 20	 56
Quadris/Bravo	 0.2/1.13	 503	 425	 25	 53
Bravo/Quadris	 1.13/0.1	 574	 474	 26	 71
Bravo/Quadris	 1.13/0.2	 564	 477	 27	 59
Fluazinam	 0.26	 606	 490	 25	 91
Check	 595	 470	 23	 100

LSD 5%	 49	 NS	 NS	 NS 
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EFFECTS OF TUBER MATURITY AND STORAGE DURATION ON TUBER STEM-
END DISCOLORATION IN RUSSET LEGEND POTATOES

Steven R. James

Abstract

An experiment to evaluate the effect of tuber maturity at harvest on stem-end discoloration
(SED) in Russet Legend potatoes was planted at the Powell Butte site of Central Oregon
Agricultural Research Center on June 4, 1998. The percent of Russet Legend tubers with SED
and the severity index values trended higher the longer harvest was delayed after vine-kill. SED
was present in about 25 percent of the tubers at harvest and continued to increase each month
until almost 50 percent of the tubers were affected after 6 months in storage. SED severity
values after 6 months in storage increased to about four times those observed at harvest. There
were no differences in stem-end discoloration between the 4-10 oz. and greater than 10 oz. tuber
size classes.

Introduction

Russet Legend was jointly released by the Agricultural Experiment Stations of Oregon,
Colorado, Idaho and Washington and the U.S. Department of Agriculture in 1998. This russet
cultivar has an attractive tuber type and is well suited for both frozen French fry processing and
fresh market use. Total yields are typically equal to those of Russet Burbank, but Russet Legend
consistently produces higher yields of U.S. No. 1 grade potatoes. Russet Legend is less
susceptible to hollow heart, brown center, growth cracks, second growth, sugar ends and
Verticillium wilt than Russet Burbank. The new cultivar produces lighter colored fries and
higher specific gravities than Russet Burbank (Mosley, et al. 2000).

In spite of all its good qualities, Russet Legend has occasionally shown extreme susceptibility to
stem-end discoloration. The potential for this condition has limited both seed and commercial
production. Russet Legend is susceptible to potato leafroll virus infection and resulting net
necrosis, but the stem-end discoloration problem appears whether tubers are infected with the
virus or not. The problem may be physiological in nature and related to unusually large stolon
size and immaturity at harvest.

Current management profiles recommend thorough vine kill and an interval of 3 weeks between
vine kill and harvest when possible. This study was designed to determine whether tuber
maturity influences the development of SED in storage.

Materials and Methods

An experiment to evaluate the effect of tuber maturity on stem-end discoloration of Russet
Legend potatoes was planted at the Powell Butte site of Central Oregon Agricultural Research
Center on June 4, 1998. Treatments were arranged in a randomized block design with four
replications. Individual plots were 25.5 ft. long by 6 ft. wide (two rows) and were bordered on
each end with two hills of the cultivar All Blue to prevent plot mixture at harvest. Each of the
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two rows in a plot contained 30 seed pieces, spaced 9 inches apart. Fertilizer was banded at
planting at a rate of 1,100 lb/acre of 19.4 (N), 14.6 (P 205), 14.6 (K2) and 6.4 (S). The
experiment was cultivated, sprinkler irrigated, and managed according to practices commonly
used in central Oregon.

Vines were killed by applying a tank mix of 1 pint/acre of Diquat and 12 oz./100 gal of solution
of Activator 90 spray adjuvant on September 11, 1998. The vines were 50 percent desiccated 3
days after applicaton. Treatments included three harvest dates; 2 weeks, 3 weeks and 4 weeks
after 50 percent vine desiccation. Tuber samples from two size ranges (4-10 oz. and >10 oz.)
from each harvest date were rated for stem-end discoloration at harvest and after storage at 40°F
for 1, 2, 3 or 6 months. All tubers in each size class from each plot were examined for SED by
successively slicing one-eighth inch segments from the stem end of each tuber. The rating
assigned to each sliced tuber was determined by the following scale:

Rating	 Stem-end discoloration

0	 No discoloration
1	 Discoloration < 1/8 in.
2	 Discoloration 1/8 to 1/4 in.
3	 Discoloration > 1/4 in.
4	 Discoloration < 1/4 in. with cavity
5	 Discoloration > 1/4 in. with cavity

A SED severity index was determined for each treatment using the formula: ( (1 X number of
tubers with a 1 rating) + (2 X number of tubers with a 2 rating) + (3 X number of tubers with a 3
rating) + (4 X number of tubers with a 4 rating) + (5 X number of tubers with a 5 rating))/total
number of tubers examined.

Results

The effect of harvest date on SED in Russet Legend potatoes is shown in Table 1. The percent
of tubers with stem-end discoloration and the severity index values were not significantly
different among harvest treatments, even though values trended higher with delayed harvest.

The percent of tubers with SED and the severity index increased with each succeeding month the
tubers were stored (Table 2). SED was present in about 25 percent of the tubers at harvest and
continued to increase each month until almost 50 percent of the tubers had the defect after 6
months in storage. Severity values quadrupled during the same period.

There were no differences in stem-end discoloration between the 4-10 oz. and greater than 10 oz.
size classes of tubers. (Table 3).
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Table 1. Effect of harvest date on stem-end discoloration in Russet Legend potatoes, Powell
Butte, Oregon, 1998.

Harvest treatment
	

Stem-end discoloration 	 Stem-end discoloration severity
(weeks after vine kill)
	

(% tubers with defect)	 (index value')

2 31.1a 0.72a
3 36.6 a 0.78 a
4 35.8 a 0.77 a

` See materials and methods section for index equation.

Table 2. Effect of storage duration on stem-end discoloration in Russet Legend potatoes, Powell
Butte, Oregon, 1998.

Storage treatment Stem-end discoloration Stem-end discoloration severity
(months stored after vine kill) (% tubers with defect) (index value')

0 23.8 a 0.33 a
1 24.5 a 0.37 a
2 36.6 b 0.83 b
3 42.0 bc 0.97b
6 45.8c 1.28c

'See materials and methods section for index equation.

Table 3. Effect of tuber size on stem-end discoloration in Russet Legend potatoes, Powell Butte,
Oregon, 1998.

Tuber size	 Stem-end discoloration 	 Stem-end discoloration severity
(ounces)	 (% tubers with defect) 	 (index value')

4-10	 32.3 a
>10	 36.7 a 

'See materials and methods section for index equation.

0.73 a
0.78 a 
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EFFECT OF SEVERAL POST-EMERGENCE HERBICIDES ON
BIG BLUEGRASS, BLUEBUNCH WHEATGRASS, INDIAN RICEGRASS,

SQUIRRELTAIL, GREAT BASIN WILDRYE, JUNEGRASS, STREAMBANK
WHEATGRASS, AND IDAHO FESCUE

Peter Sexton, Marvin Butler, and Rhonda Bafus

Introduction

Seed of native grasses for reseeding burned or otherwise disturbed rangelands are in chronic
short supply. There is a paucity of information on herbicide use in seed production stands of
native grasses. As one step towards addressing this lack of information, this trial was conducted
to observe the effects of several postemergence herbicides registered for seed production of other
grasses in the Pacific Northwest (Gingrich and Mellbye 1998), along with an herbicide registered
for use on native grasses (Plateau). This study follows up on a preliminary study conducted in
1999 on postemergence application of five different herbicides on five native grasses (Sexton
and Baths 2000). The preliminary study found that Idaho fescue was quite tolerant to Fusilade,
and that Plateau is not appropriate for use in seed production fields because it stunts growth
severely. In the second year of the study reported here, the numbers of herbicides and grasses
included have been expanded (eight each). The objective remains the same, to identify
herbicides, that may be effective for weed control in seed production fields of native grasses.

Materials and Methods

On April 20, 2000, seed of big bluegrass, bluebunch wheatgrass, squirreltail, Great Basin
wildrye, streambank wheatgrass, and Idaho fescue were sown at a rate of 45 seeds/ft. of row.
Indian ricegrass was sown at a rate of 90 seeds/ft. of row, and junegrass was sown at a rate of
135 seeds/ft. of row. Planting depth was 0.25 inches and the planter used was a four-row small-
plot cone planter (Almaco Inc., Nevada, IA). Each plot consisted of a single row 80 ft long; row
width was 2 ft. Plots were irrigated as needed to keep the seed zone moist for two weeks
following planting. Weeds were controlled by hoeing and cultivation. No herbicides were
applied for weed control.

On July 14, 2000 the following herbicides were applied with a CO2_pressurized boom sprayer.

Trade Name	 Common name	 per acre rate

Banvel
Ally

Express*
2,4-D amine

Plateau
Fusilade
Norton
Horizon

Dicamba
metsulfuron methyl
tribenuron methyl

2,4-D amine

fluazifop
ethofumesate
fenoxaprop

4 oz
0.2 oz

0.25 oz
0.5 lb
4 oz

0.25 lb
3 pt

1.2 pt
*/ 2,4-D was applied with Express at a rate of 0.5 pt/acre.
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Herbicides were applied in 9-ft bands perpendicular to the grass rows. Plots were evaluated by
visually rating the plots for percent stunting, percent chlorosis, and percent mortality relative to
controls. Two people rated the plots (one on July 27, and the other on August 8). Their ratings
were averaged for statistical analysis. Plant height (average of five plants) and samples for plant
dry weight (3 ft of row clipped at ground level and dried at 15° F) were taken between July 31
and August 2. All percent data were arc-sine square-root transformed before statistical analysis.
Herbicide effects for each grass were tested using the PROC GLM procedure of SAS statistical
software (SAS Institute, Cary, NC). Data were analyzed as a randomized complete block design
and no comparisons were made between grasses.

Results

Results are presented in Table 1, only a brief synopsis is given here. The reader is referred to the
table for specific data, a few salient points are outlined below. As in last year's study, Plateau
proved itself to be a poor herbicide for use in seed production fields. Idaho fescue again showed
tolerance to Fusilade. This could be very useful for controlling cheatgrass. None of the other
grasses showed tolerance to Fusilade. With the possible exception of Indian ricegrass, Banvel
did not appear to hurt these grasses much. Ally appeared to be stunt bluebunch wheatgrass and
Great Basin wildrye more than it did other grasses. Ally actually appeared to promote growth of
squirreltail.
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Table 1. Percent stunting, chlorosis, and mortality relative to untreated controls, and dry weight
and height data for several native grasses treated with eight different postemergence herbicides
approximately two months after planting.
Grass Herbicide Stunting Chlorosis	 Mortality' Dry Wt. Height Stand

(%) (%) (%) (g) (cm) (%)

Big bluegrass Control 0 0 0 35.5 33.4 89
Banvel 1 0 0 48.3 37.0 98
Horizon 4 0 0 44.1 41.3 85
2,4-D 8 0 0 43.1 38.0 75
Ally 13 1 0 34.9 34.9 92
Express 16 0 0 38.0 33.0 94
Nortron 21 0 0 38.4 35.8 97
Plateau 43 0 0 23.0 25.1 92
Fusilade 79 10 0 15.0 21.1 86

MEAN 20 1 0 36 33 90
LSD (0.05) 45 2 - 182 10 NS
CV 54 44 - 35 17 16

Bluebunch wheatgrass Control 0 0 0 40.0 26.7 83
2,4-D 9 0 0 47.9 24.5 63
Banvel 14 4 0 37.2 35.4 48
Horizon 19 4 0 48.3 22.5 72
Express 24 1 0 43.5 28.1 100
Nortron 25 3 0 38.4 23.1 71
Ally 36 0 0 27.9 22.6 70
Plateau 56 8 0 26.6 16.1 91
Fusilade 75 54 0 23.8 22.6 37

MEAN 29 8 0 37 25 71
LSD (0.05) 34 6 - NS NS NS
CV 37 44 - 25 39 39

Great Basin wildrye Control 0 0 0 99.9 55.1 99
2,4-D 11 0 0 56.2 48.5 97
Express 13 0 0 62.7 49.0 100
Horizon .	 16 0 0 77.9 53.9 97
Banvel 18 0 0 78.8 49.5 98
Ally 20 0 0 42.4 38.8 89
Nortron 24 0 0 57.4 50.3 77
Plateau 53 5 0 34.9 35.5 97
Fusilade 67 33 0 34.8 36.8 98

MEAN 25 4 0 61 46 95
LSD (0.05) 21 4 - 40 11 NS
CV 31 49 - 14 38 14

- 98 -



Table 1. Cont'd.
Idaho fescue Control 0 0 0 8.3 9.7 64

Fusilade 3 0 0 15.8 9.3 48
2,4-D 6 0 0 5.8 9.0 58
Banvel 13 0 0 5.8 8.7 43
Horizon 13 0 0 6.4 8.1 57
Express 16 0 0 7.7 8.3 59

Grass Herbicide Stunting Chlorosis Mortality Dry Wt. Height Stand
Nortron 29 0 0 4.2 6.2 51
Ally 36 0 0 3.4 7.0 33
Plateau 63 8 0 2.4 5.2 49

MEAN 20 1 0 7 8 51
LSD (0.05) 37 NS - NS 2 4
CV 48 132 - 30 16 32

(%) (%) (%) (g) (cm) (%)
Indian ricegrass Control 0 0 0 39.0 47.6 78

Horizon 1 0 0 53.8 48.7 57
2,4-D 1 0 0 34.2 40.0 72
Express 11 0 0 45.7 43.3 76
Nortron 12 1 0 42.1 48.9 49
Ally 12 0 0 41.2 40.7 81
Banvel 23 1 0 33.0 46.9 50
Fusilade 62 23 0 20.8 30.6 73
Plateau 78 69 12 11.1 28.7 59

MEAN 22 11 1 36 42 66
LSD (0.05) 18 3 1 NS 8 NS
CV 35 25 42 36 11 57
Junegrass Control 0 0 0 5.6 5.4 50

2,4-D 3 0 0 7.1 5.6 51
Banvel 10 0 0 9.2 6.0 85
Express 11 0 0 4.3 4.5 45
Horizon 17 3 0 4.0 5.1 63
Nortron 19 0 0 2.8 3.9 47
Ally 20 0 0 2.7 3.1 61
Plateau 60 23 0 1.6 3.0 48
Fusilade 78 34 0 1.7 2.6 70

MEAN 24 7 0 4 4 58
LSD (0.05) 56 6 - 4 2 NS
CV 66 52 - 65 29 56
Squirreltail Ally -17 0 0 19.1 15.8 55

Control 0 0 0 14.3 14.4 60
Horizon 1 0 0 30.0 22.1 61
2,4-D 1 0 0 15.2 16.5 85
Banvel 8 0 0 22.4 19.0 84
Express 13 0 0 10.6 16.3 48
Nortron 21 0 0 14.9 16.6 62
Plateau 38 6 0 8.1 12.6 56
Fusilade 53 43 0 12.6 12.8 70

MEAN 13 5 0 16 16 65
LSD (0.05) 23 4 - NS 6 NS
CV 61 45 - 62 25 46
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Table 1. Cont'd.
Streambank wheatgrass Control 0 0 0 79.0 27.1 79

Express 4 0 0 71.6 25.8 75
2,4-D 5 0 0 78.7 25.8 87
Horizon 6 0 0 92.7 27.2 75
Banvel 8 0 0 71.0 26.3 97
Ally 11 0 0 77.8 25.6 74
Norton 23 0 0 66.0 21.3 97
Plateau 43 9 0 62.7 20.3 75
Fusilade 68 58 0 50.8 20.1 74

MEAN 18 7 0 72 24 81
LSD (0.05) 13 2 – NS 4 NS
CV 33 24 – 28 11 17
rStunting, chlorosis, and mortality based on percent departure from control.
2Significant at p < 0.10
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EFFECT OF SEVERAL FALL-APPLIED HERBICIDES ON INDIAN RICEGRASS,
SQUIRRELTAIL, JUNEGRASS, IDAHO FESCUE, AND TALL FESCUE

Peter Sexton and Rhonda Bafus

Introduction

Seed of native grasses for reseeding burned or otherwise disturbed rangelands are in chronic
short supply. There is a paucity of information on herbicide use in seed production stands of
native grasses. As a first step towards addressing this lack of information, a small trial was
conducted at the Central Oregon Agricultural Research Center to observe the effects of several
fall-applied herbicides registered for seed production of other grasses in the Pacific Northwest
(Gingrich and Mellbye,1998).

Materials and Methods

On 27 April 1999, seed of Indian ricegrass (Oryzopsis hymenoides), squirreltail (Sitanion
hystrix), junegrass (Koelaria cristata), and Idaho fescue (Festuca idahoensis) were sown at rates
of 460, 60, 70, 180, and 110 seeds/ft of row in 40-ft. rows using a small-plot cone planter
(Almaco Inc., Nevada, IA). Planting depth was 3-6mm; row width was 2 ft. Plots were rolled
once with a cult-packer perpendicular to row direction after planting. Plots were irrigated as
needed to keep the seed zone moist. Weeds were controlled by hoeing and cultivation. No
herbicides were applied for weed control and the plots were kept weed-free with cultivation and
hand weeding. There were originally four replications in the experiment, each surrounded by a
border of tall fescue. One of the replicates was dropped due to problems with herbicide
application.

On November 3, 1999 the following herbicides were applied with a CO 2-pressurized boom sprayer.

Trade name	 Common name	 Rate
(product/acre)

	

Sinbar	 terbacil	 0.75 lb

	

Lexone	 metribuzin	 6.67 oz.

	

Kerb	 pronamid	 2.9 lb

	

Diuron	 diuron	 1.87 lb

	

Goal	 oxyfluorfen	 10 oz
Beacon	 primisulfuron	 0.375 oz

	

Axiom	 metribuzin	 11 oz.
+ flufenacet

Goal and Beacon were applied with 0.5 percent (v/v) NIS. Herbicides were applied in 4.5-ft.
bands perpendicular to the grass rows with a space of 0.5 ft. between bands.
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Plots were visually rated for crop damage on April 4, 2000. Stunting, chlorosis, and mortality of
each plot were ranked on a 1 to 10 scale relative to the control, where a score of 1 meant it was
within 10 percent of the control and a score of 10 meant it had been completely damaged (i.e. no
growth/foliage all burned/all plants died, for the ratings of stunting/chlorosis/mortality,
respectively). Percent heading for each treatment was rated on July 27, 2000. Two of the tall
fescue borders were also rated for herbicide effects on heading at the same time. All data were
subject to analysis of variance using the PROC GLM procedure of SAS statistical software (SAS
Institute, Cary, NC). Percent data were arc-sine square-root transformed prior to analysis.
Statistical analysis was conducted within (not between) species and the data were analyzed as a
randomized complete block design.

Results

Squirreltail survival through the winter was poor and so it is difficult to assess herbicide effects
versus poor persistence for this species. The control plots for the other grasses over-wintered
well and allowed for a good evaluation of the herbicides. Idaho fescue showed good tolerance to
Goal and to a lesser extent Lexone and Beacon (Table 1). In terms of growth and appearance,
Indian ricegrass showed more tolerance to the herbicides used than did the other grasses.
Neverthess, its heading was severely decreased (80 percent less) by Diuron, and moderately
decreased (25-30 percent less) byAxiom and Sinbar, even though the latter did not significantly
affect growth. Junegrass was very sensitive to all the herbicides tested. Only Goal did not
significantly decrease growth, and it dropped heading 40 percent. All the other herbicides
essentially blocked heading in Junegrass. The squirreltail data was not analyzed because of
problems with persistence, as stated earlier. Comparing means, it appears that Axiom greatly
decreases heading in this grass, even though it has only mild effects on growth. Beacon and
Diuron appeared to decrease heading about 50 percent and Sinbar appeared to essentially stop
heading in this grass. Again the squirreltail data must be viewed with caution because even some
of the control plots showed poor persistance. Heading in tall fescue was very sensitive to
Beacon, Axiom, and Sinbar (Table 2). It appeared to tolerate Diuron fairly well; at least Diuron
did not arrest development of reproductive tillers.
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Table 1. Response of four native grasses to several fall-applied herbicides. Grasses were planted

in April of 1999 and the herbicides were applied in November 1999. Stunting, chlorosis, and

mortality ratings were made on April 4, 2000 on a 1 to 10 scale where the greater the number the
more severe the damage. Percent heading was rated on July 27, 2000. 

Herbicide	 Heading	 Stunt	 Chlorosis	 Mortality 

(%)	 	 (1 to 10 rating) 	
Idaho Fescue:

Control	 96.8	 1.0	 1.0
	

1.0
Goal	 82.5	 2.7	 2.0

	
1.0

Lexone	 73.3	 4.7	 4.7
	

1.0
Beacon	 71.7	 6.7	 5.3

	
1.3

Axiom	 66.7	 6.7	 5.0
	

1.0
Diuron	 22.5	 8.0	 8.0

	
1.0

Sinbar	 8.3	 9.0	 9.3
	

4.7

Mean	 60.3	 5.5	 5.0
	

1.6
LSD (0.05)	 17.8	 2.6	 1.9

	
1.1

CV (%)	 19.4	 26.4	 20.9
	

38.9

Indian Ricegrass:

Control	 82.7	 1.0	 1.0	 1.0
Goal	 82.7	 1.0	 1.3	 1.0
Beacon	 82.7	 1.3	 1.3	 1.0
Lexone	 82.7	 1.3	 1.3	 1.0
Sinbar	 55.0	 1.7	 2.3	 1.0
Axiom	 45.0	 2.3	 2.3	 1.0
Diuron	 1.5	 4.0	 5.0	 1.0

Mean	 61.7	 1.8	 2.1	 1.0
LSD (0.05)	 20.7	 2.1	 1.9

CV (%)	 21.2	 66.6	 52.2

Junegrass:
Control
Goal
Axiom
Beacon
Lexone
Diuron
Sinbar

Mean
LSD (0.05)

CV (%)

Squirreltaill:

	

62.5	 1.0	 1.0

	

20.8	 1.3	 1.3

	

0.0	 6.7	 7.0

	

0.0	 8.3	 8.0

	

1.7	 9.3	 9.7

	

0.0	 10.0	 9.7

	

0.0	 10.0	 9.7

	

12.1
	

6.7	 6.6

	

9.6
	

1.4	 1.2

	

38.7
	

11.5	 9.9

1.0
1.0
1.0
2.3
5.7
9.3
9.0

4.2
3.2

42.4

Control	 94.5	 1.0	 1.0	 1.0
Goal	 89.5	 1.0	 1.0	 1.0
Axiom	 25.0	 2.3	 2.7	 1.3
Lexone	 89.5	 3.7	 4.3	 3.3
Beacon	 45.0	 3.7	 4.0	 2.7
Sinbar	 5.0	 6.0	 8.3	 6.0
Diuron	 49.5	 7.0	 8.0	 9.3

Mean	 56.9	 3.5	 4.2	 3.5 
1 squirreltail survival through the winter was poor; therefore the data was not analyzed and only
the mean is shown.

- 103 -



Table 2. Effect of several herbicides on heading of tall fescue.
Herbicides were applied November 3, 1999 and heading was visually
rated on July 27, 2000.

Herbicide	 Heading

(%)
Control	 99 a

Goal	 99 a
Lexone	 99 a
Diuron	 99 a
Beacon	 38 b
Axiom	 8 c
Sinbar	 5 c

mean	 63.7
CV %
	

8.4

- 104 -



PEPPERMINT VARIETY TRIAL, CENTRAL OREGON, 2000

Fred Crowe and Robin Parks

Abstract

A new variety trial was established at Oregon State University, Central Oregon Agricultural
Research Center, Madras, in June 1999. Rooted cuttings were planted into Verticillium-free
soil, and irrigated through the summer and fall. Establishment was very high for all
varieties/lines included. In fall 1999, half of the field was infested with Verticillium dahliae at
a rate of 4-microsclerotia/g soil. The first full production year with harvest and disease
assessment was 2000. Among varieties, there was little difference in early season stand or
plant height. A lower stand was observed for the entree 92(B37xM0110)-1 in both the infested
and noninfested trials. In the noninfested trial, 84M0107-7 and M90-11 yielded more dry hay
compared to the other varieties although oil yield did not differ among the varieties. Neither
hay nor oil yields differed among the varieties in the infested trial. Rhizome development was
good in both trials; development was lowest in 92(B37xM0110)-1 but similar among all other
varieties. In both trials, little or no powdery mildew was observed in 84M0107-7, M90-11, and
87M0109-1. Wilt severity significantly differed among the varieties in the infested trial only.
The most severe wilt symptoms were observed in 92(B37xM0110)-1 and Black Mitcham. No
differences in V. dahliae soil populations were observed in either trial.

Introduction

Variety trials initiated in central Oregon and elsewhere in 1994 and 1995 were the first public,
replicated, and randomized trials under uniform management and in which statistical
comparisons could be made. The OSU-COARC field at Madras was not cropped with irrigated
crops until 1990, and even now has a substantial area that is not infested with measurable
levels of any strain of V. dahliae. This allowed us in 1994 to artificially infest part of the trial
area with a uniform level of only the mint strain of V. dahliae. In most fields, V. dahliae
populations are non-uniform, and mixtures of strains can confuse interpretation of soil assay
measurements. This and other trials have proven useful for wilt and yield comparisons, and
should become more useful as a new generation of mini-stills are developed that may provide
near-commercial character for the oil distilled from small plots. A second trial was initiated in
1999, again in a field believed to be non-infested on the OSU-COARC farm at Madras. Half of
the trial was infested with mint strains of V. dahliae in fall 1999. The growth, yield, oil quality,
and Verticillium wilt susceptibility of seven entrees and two standard varieties will be
evaluated from 2000 to 2003.

Materials & Methods

Plots were established from rooted cuttings in the summer of 1999. The trial area is split into
an artificially infested area and a non infested area as per 1994-1998. Plot sizes are 10 ft. x 2.0
ft. All plots were managed identically in 2000. Plots were fertilized with 280 lb nitrogen acre in
early season. To manage mites, Comite (Uniroyal Chemical) was aerially applied in late June
at 1.5 lb/acre.
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Nine entrees were included. The Mint Industry Research Council submitted six entrees:
84M0107-7, M90-11, 87M0109-1, M83-14, 92(B37xM0110)-1, and B90-9. A privately
developed variety from L. McKellip (labeled `McKellip 98') was also included. Standard
varieties included Black Mitcham and Todds. The field was divided into two randomized
complete block design trials: one-half of the field was noninfested and the other half was
infested with V. dahliae. Each variety is replicated four times within each trial.

In 1999, V. dahliae inoculum was produced in the laboratory by growing V. dahliae on a
modified, minimal agar (Puhalla 1979) overlain with sterile, uncoated cellophane. After a 3-wk
incubation, microsclerotia were harvested by blending the cellophane in sterile water and
washed on a 38-pm sieve. The dried concentrated inoculum was ground with sterile sand with
a mortar and pestle. The concentration of microsclerotia/g inoculum was estimated and mixed
with enough sterile sand to yield about 4 microsclerotia/g soil, a slightly higher initial rate than
in 1994. As in the previous trial, the sand and V dahliae microsclerotia mixture was spread
over half of the field on plot surfaces after fall dormancy. At that time, all plots were tilled to
both distribute rhizomes and place inoculum within the rooting zone of the mint.

In mid-summer 2000, V. dahliae soil populations were estimated. Soil was collected from three
random locations within each plot in mid-July and air-dried for one month to eliminate
ephemeral conidial spores and hyphae of V dahliae (Butterfield and DeVay 1977) prior to
analysis (Harris et al. 1993). After drying, subsamples were ground with a mortar and pestle to
pulverize the soil and remove rocks larger than 1 cm diameter. From each subsample, 25 g of
soil were shaken and dispersed in water for 1 hour. The soil was wet sieved through 60- and
400-mesh soil screens to reduce soil volumes and many competitive organisms. Residue
remaining on the 400-mesh screen was suspended in 100 ml water and 2 ml of this suspension
was spread onto a semi-selective modified pectate agar medium in a petri plate. Ten plates
were prepared per subsample. A total of 5 g of soil was plated per subsample. After 2 wk
incubation in the dark at room temperature, colonies distinctive of V dahliae were counted.
The population data was expressed as the number of colony-forming units (CFU) per gram of
soil.

Wilt incidence, mint performance, and oil character was assessed as in 1994-1998. Individual
wilt loci, also referred to as strikes, were flagged as symptoms appeared during the season and
where they could be distinguished. Wilt severity was represented as the number of strikes per
plot at the end of the season. The recommended MIRC wilt rating was estimated for wilt
severity at harvest as follows. The number of strikes per plot was converted to the standard
MIRC Verticillium wilt rating based on an estimate of the number of stems in each plot. The
number of stems in 1 ft2 was counted in a plot area exhibiting good fall regrowth. The number
of stems in the entire plot was estimated based on the early season stand evaluation. Five stems
were assumed to be included in each wilt strike. A strike was assigned a severity rating of 4.5
and the rest of the stems were assigned a healthy rating of 1.

The plots were harvested on August 3, 2000. Subsamples from each plot were collected and
air-dried in gunnysacks. Oil from these subsamples was distilled on September 6 using the
McKellip-Newhouse mini-still located at OSU-Madras. RCB International, Ltd. in Albany,
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Oregon, performed the oil component analysis. In early fall 2000, rhizome development and
powdery mildew were evaluated.

All response variables underwent an analysis of variance (ANOVA) using the general linear
model, PROC GLM, of SAS version 7.0 (SAS Institute, 1988). The noninfested and infested
halves of the field were analyzed as separate experiments. Due to an unexpected level of wilt in
the noninfested trial, discussed further in results and discussion sections later, four analyses
were performed for each response variable. ANOVA was performed on the dataset (1)
containing all plots, (2) without plots in the western blocks, and (3) containing all plots but
relabeling the western block in the noninfested half of the field as infested. An analysis of
covariance, using PROC GLM, was performed on the complete dataset with V dahliae soil
population as the covariate. Treatment means were separated by Fisher's protected least
significant difference (LSD) test.

Results

As the 2000 growing season progressed, a disproportionate amount of wilt symptoms was
evident in the western edge of the trial in both the infested and noninfested halves of the field.
The plots most affected were those in the two blocks, one noninfested and one infested, that
compose the western edge of the field. Following consultation with Cliff Pereira, statistician at
Oregon State University, we performed a series of analyses to determine which approach
yielded the most useful and meaningful data, taking in consideration this unbalanced disease
incidence.

The V dahliae soil population data were not significant as a covariate for any of the response
variables. Therefore, soil populations in the plots could not account for the high proportion of
wilt in those plots. We then compared the results from an analysis of the complete dataset with
the analysis (1) of a dataset with the western edge blocks removed, and (2) of a dataset with the
western edge block in the noninfested half of the field relabeled as infested because all plots
displayed high disease severity. Neither the removal of the blocks or the relabeling of the
noninfested block changed the trends in the data with respect to differences in means among
the varieties. Therefore, we chose to present results from the more conservative analysis of the
dataset with the western blocks removed from both the noninfested and infested trial. This
consequently reduced the total number of replications per variety to three in each trial.

The estimated means of early season stand, height, rhizome development, powdery mildew
severity, hay yield, and oil yield are displayed in Table 1. Wilt severity and V dahliae soil
population estimates are shown in Table 2. Oil character analysis is shown in Table 3.

Noninfested Trial: The stand of all varieties ranged from 99.0 to 100 percent except for M90-
11 and 92(B37xM0110)-1, which averaged 5.3% and 41.4% (P = 0.0001) lower, respectively,
than that of the other varieties. The height of these two varieties also tended to be lower
compared to the other varieties (P = 0.0853). Yet, M90-11 produced 16.5 to 48.percent. (P =
0.0001) more dry hay compared to the other varieties. Only 84M0107-7 yielded more hay: 22.3
to 51.7% more than that of other varieties. There was no difference in oil yield among any of
the varieties (P = 0.0776). The lowest rhizome development was observed in 92(B37xM0110)-
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1, although this difference was not significant (P = 0.1587). Rhizome development was similar
among all other varieties. Powdery mildew was most severe in B90-9, 92(B37xM0110)-1,
Black Mitcham, Todds, M83-14, and McKellip 98, respectively (P=0.0024). Little or no
mildew was observed on 84M0107-7, M90-11, and 87M0109-1.

Wilt was observed in noninfested plots. The amount of wilt strikes did not differ among the
varieties (P = 0.7864). However, as described previously, most wilt was observed in the
western-most block of the field. That block, in both the noninfested and infested trials, was
removed from the analysis. As expected, V. dahliae was recovered from noninfested plots as
well. Soil populations did not differ among varieties (P = 0.5994).

Infested Trial: The stand of all varieties, except 92(B37xM0110)-1, ranged from 91.7 to 99.7
percent. The stand of 92(B37xM0110)-1 averaged 29.0 percent lower (P = 0.0007) than that of
the other varieties. The mean height of 92(B37xM0110)-1 was also lower than other varieties
as well, although not significantly (P = 0.3940). Neither dry hay nor oil yield differed
significantly (P = 0.2037 and P = 0.1692, respectively) among the varieties. Similar to the non-
infested trial, the least rhizome development was observed in 92(B37xM0110)-1 ( P= 0.0001)
while development was similar among all other varieties. The ranking and level of severity of
powdery mildew among the varieties were almost identical to the non-infested trial. Mildew
was most severe in B90-9, 92(B37xM0110)-1, Black Mitcham, Todds, McKellip 98, and M83-
14, respectively (P = 0.0001). Little or no mildew was observed on 84M0107-7, M90-11, and
87M0109-1.

V dahliae soil populations did not differ among any of the varieties (P = 0.2521). Wilt severity
differed among the varieties in the infested trial. Wilt severity, measured by strikes, in
92(B37xM0110)-1 was 46.2 to 100% higher (P = 0.0035) compared to all other varieties.
There were 50.6 to 100 percent more wilt strikes in Black Mitcham plots compared to the other
varieties. No wilt symptoms were observed in M90-11 and 87M0109-1. A similar ranking was
obtained using our approximation of the MIRC standardized wilt ratings although means were
not as separated as means for wilt strikes.
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Table 1. Peppermint performance in noninfested and Verticillium dahliae infested variety trials, OSU-COARC, Madras, Oregon 2000.

Noninfested
15 Jun 5 Jul 16 Oct 16 Oct 3 Aug
Stand Height Rhizome Powdery Mildew Dry Hay Oil

Variety (% cover) (in) (1-5)a (1-5)b (lb/acre) (lb/acre)
Black Mitcham 98.7 Ac 17.0 1.00 2.67 AB 6187 BC 47.1
Todds 100 A 18.7 1.00 2.67 AB 6982 BC 27.2
84M0107-7 100 A 17.7 1.00 0.67 CD 9712 A 42.4
M90-11 94.3 B 16.0 1.00 0.00 D 9029 A 38.9
87M0109-1 100 A 15.7 1.00 0.00 D 7542 B 42.5
M83-14 99.0 A 18.3 1.00 2.00 BC 7362 BC 31.7
92(B37xM0110)-1 58.3 C 14.7 2.00 3.33 AB 4694 D 23.8
B90-9 99.7 A 16.3 1.33 4.00 A 6016 CD 58.0
McKellip 98 99.7 A 16.3 1.67 2.00 BC 7170 BC 50.0

P-valued 0.0001 0.0470 0.0937 0.0046 0.0001 0.0478
Variety 0.0001 0.0853 0.1587 0.0024 0.0001 0.0776
Block 0.7887 0.0423 0.0634 0.4719 0.0039 0.0531

V. dahliae-Infested
Stand Height Rhizome Powdery mildew Dry hay Oil

Variety (% cover) (in) (1-5) (1-5) (lb/acre) (lb/acre)
Black Mitcham 96.6 A 18.4 1.02 B 3.52 AB 6573 53.5
Todds 99.7 A 18.0 1.00 B 1.33 AB 7118 52.3
84M0107-7 98.7 A 17.0 1.00 B 1.67 CD 7646 32.0
M90-11 91.7 A 16.0 1.00 B 0.00 D 8126 54.0
87M0109-1 99.7 A 16.3 1.00 B 0.00 D 8097 47.4
M83-14 94.7 A 15.3 1.00 B 2.00 BC 6315 33.5
92(B37xM0110)-1 69.0 B 13.7 2.67 A 3.67 AB 4836 28.0
B90-9 97.3 A 15.3 1.00 B 4.00 A 6123 54.8
McKellip 98 99.3 A 15.3 1.00 B 3.00 BC 6426 56.4

P-value 0.0015 0.3582 0.0001 0.0001 0.2861 0.2526
Variety 0.0007 0.3943 0.0001 0.0001 0.2037 0.1692
Block 0.8184 0.2780 0.4014 0.0114 0.6822 0.8448

Rhizome development rating based on runners and growth from rhizomes. Scale: 1 = excellent, 3 = moderate, 5 = worst.
bPowdery mildew rating scale 1-2 = mild, older leaves, 3 = moderate, old leaves to severe, young leaves, 4-5 = severe, all foliage.
`Means followed by the same letter are not significantly different at P .� 0.05 according to Fisher's protected least significant difference (LSD) test.
bProbability of obtaining F<005.



Table 2. Verticillium wilt severity and Verticillium dahliae soil populations in noninfested and infested
peppermint variety trials at OSU-COARC, Madras, Oregon, 2000.

Non infested 2 Aug 2 Aug 17 Jul
COARC MIRC V. dahliae

Wilt rating Wilt rating' Soil population
Variety (mean no.

strikes/200ft2)
(mean infected/total

stems)
(mean cfu/g soil)b

Black Mitcham 0.67 1.001 2.80
Todds 0.33 1.000 2.73
84M0107-7 0.33 1.000 1.67
M90-11 0.00 1.000 1.27
87M0109-1 0.00 1.000 0.87
M83-14 0.33 1.000 2.73
92(B37xM0110)-1 1.00 1.002 2.27
B90-9 0.00 1.000 2.80
McKellip 98 0.00 1.000 0.73

P value' 0.8640 0.7214 0.1161
Variety 0.7864 0.6669 0.5994
Block 0.7982 0.5957 0.0091

V. dahhe infested COARC MIRC V. dahliae
Wilt rating Wilt rating Soil population

Variety (mean no.
strikes/200ft2)

(mean infected/total
stems)

(mean cfu/g soil)

Black Mitcham 6.08 Bd 1.008 B 0.63
Todds 0.33 C 1.000 BC 1.60
84M0107-7 0.33 C 1.000 BC 0.80
M90-11 0.00 C 1.000 C 0.60
87M0109-1 0.00 C 1.000 C 0.27
M83-14 1.00 C 1.001 BC 0.40
92(B37xM0110)-1 11.30 A 1.021 A 3.53
B90-9 1.67 BC 1.002 BC 0.40
McKellip 98 3.00 BC 1.003 BC 8.93

P value 0.0075 0.0011 0.2884
Variety 0.0035 0.0005 0.2521
Block 0.8698 0.7004 0.4143

'Approximated using estimated number of stems per plot and number of wilt strikes at harvest.
bColony-forming units per gram soil.
`Probability of obtaining F	 05•dMeans followed by the same letter are not significantly different at P�.0.05 according to Fisher's protected
least significant difference (LSD) test.
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Table 3. Partial oil character analysis from noninfested and infested variety trials at OSU-COARC, Madras, Oregon 2000.

Noninfested % AREA

Variety Menthone Menthol Heads Ketones Pulegone Menthofuran

Black Mitcham 20.4 EF 69.6 BC 8.22 22.3 E 1.29 CD 3.63 AB
Todds 22.4 DE 71.1 ABC 7.60 24.0 DE 1.07 CD 2.98 BC
84M0107-7 47.1 A 63.9 D 7.83 49.0 A 1.30 CD 1.05 D
M90-11 27.5 C 53.5 E 8.20 33.9 C 5.90 A 5.10 A
87M0109-1 34.1 B 61.1 D 8.58 37.7 B 3.10 B 1.77 CD
M83-14 24.6 CD 72.4 AB 7.28 26.9 D 1.73 C 3.02 BC
92(B37xM0 1 10)-1 25.3 CD 73.4 A 7.27 26.8 D 0.73 D 2.61 BCD
B90-9 20.8 EF 68.2 C 7.66 22.8 E 1.42 CD 3.84 AB
McKellip 98 18.5 F 68.6 C 7.88 20.7 E 1.54 C 5.06 A

P-value 0.0001 0.0001 0.4220 0.0001 0.0001 0.0017
Variety 0.0001 0.0001 0.4704 0.0001 0.0001 0.0012
Block 0.4686 0.8081 0.2605 0.5753 0.6120 0.1287

V. dahliae Infested

Variety Menthone Menthol Heads Ketones Pulegone Menthofuran

Black Mitcham 21.0 CD 67.6 AB 9.28 23.2 CD 1.67 BC 4.19 A
Todds 25.8 CD 71.9 A 7.78 27.8 CD 1.39 BC 3.19 C
84M0107-7 45.1 A 64.1 AB 8.54 46.9 A 1.20 C 1.26 D
M90-11 24.2 CD 48.0 C 8.66 28.9 BC 4.36 A 4.45 A
87M0109-1 31.2 B 58.0 BC 8.47 33.9 B 2.21 B 1.60 D
M83-14 23.2 CD 72.8 A 7.16 25.2 CD 1.49 BC 3.34 BC
92(B37xM0110)-1 26.5 BC 72.4 A 7.84 28.1 BCD 0.92 C 1.91 D
B90-9 20.4 D 68.5 A 8.60 22.4 D 1.41 BC 4.47 A
McKellip 98 19.3 D 68.1 A 7.73 21.1 D 1.24 BC 3.86 AB

P-value 0.0001 0.0042 0.4690 0.0003 0.0001 0.0001
Variety 0.0001 0.0024 0.8909 0.0001 0.0001 0.0001
Block 0.4600 0.3186 0.0429 0.3712 0.2172 0.0666

'Means followed by the same letter are not significantly different at P 0.05 according to Fisher's protected least significant difference (LSD) test.
bProbability of obtaining F5..005•



Discussion

There are most likely three different infestation levels within the entire variety trial. The
first level is the artificial inoculum in the infested half of the field. The second is
contamination from a previous trial immediately to the west that was infested with a mint
isolate of V dahliae. Infected plant debris and infested soil was likely dragged by
machinery into the western portion of what is now the variety trial. This would account
for the higher wilt severity in the westernmost block of plots in both the infested and
noninfested trials. The third level of infestation may be a background population of V.
dahliae that is perhaps throughout the entire field. A soil assay of the field was performed
in February 1999 to check for any V. dahliae populations but, no measurable population
was detected. Relatively high populations, up to 6 cfu/g soils, were recovered in
noninfested plots but few or no symptoms were observed in those same plots. Therefore,
this background V. dahliae population may be a non-mint isolate that is not highly
pathogenic on mint. Potatoes have been grown to the east of this trial and therefore, it is
possible a potato isolate population of V. dahliae could have been spread from that field
into what is now the variety trial.

Although wilt was visibly more severe in the western edge of the field, pathogen soil
populations could not explain this higher disease severity. A highly virulent mint strain,
which requires only a low population to induce wilt symptoms, may have been moved
from the previous experiment on the west side of the variety trial into the western plots,
causing severe wilt from a low pathogen population. Once these western plots were
removed from the data analysis, there were only low levels of wilt, which did not differ
among the varieties.

Similarly, low soil populations in the western plots of the infested trial could not account
for the higher disease severity in those plots. As can be expected from an artificial
infestation, there was no difference among V dahliae soil populations among the
varieties in the infested trial. Yet, wilt severity differed among the varieties in the
infested trial. The highest amount of wilt occurred in 92(B37xM0110)-1 and Black
Mitcham.

In this first full production year of this trial, there were differences in stand among the
varieties in both the noninfested and infested trials. In both trials, the lowest stand was
observed in 92(B37xM0110)-1. In both trials, this variety also exhibited the lowest
height, dry hay, and oil yield although only hay yield in the noninfested trial was
significantly lower than the other varieties. The similarity in stand and height among all
varieties was reflected in the dry hay and oil yields. Varieties differed significantly in dry
hay yields only in the noninfested trial, yet trends were similar between both trials. M90-
11, 84M0107-7, and 87M0109-1 produced the highest hay yields between the two trials,
but there were no consistent trends in oil yield among varieties.
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While not evaluated quantitatively in 2000, we believe M90-11 and 87M0107-7 suffered
less mite damage and less moisture stress when irrigation was inadvertently reduced in
July.

It is difficult to assess differences in oil composition in this trial because all varieties
were harvested on the same date. Oil composition is directly affected by maturity and
harvest date, and each variety may have its own optimal harvest date. Nevertheless,
Menthol and Ketone composition of oil from all varieties was much higher than typical
for oil from the Madras area. This suggests either that harvest was late, or that perhaps
the plants were unduly stressed prior to harvest. Both may be true. The summer of 2000
was hotter than normal, and the variety trial was unintentionally underwatered at about 10
days prior to harvest. Considering long-term averages, the date of harvest, August 3, was
not late for the Madras area, and no variety had excessive bloom on that date. Variety
84M0107-7 had exceptionally high Menthone and Ketone levels, and there was quite a
variation among varieties with respect to Pulegone and Menthofuran. Heads composition
was somewhat low for all varieties, which may be primarily influenced by mini-distillery
design or management.

The plots on the western edge of the variety trial field will likely be maintained for the
duration of the trial. Yet data from these plots will be omitted from the analysis of the rest
the trial because of the disproportionate wilt severity.
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TULIP BULB INCREASE IN CENTRAL OREGON

Rhonda Bafus and Peter Sexton

Abstract

Because of their high value, flowering bulbs present an attractive alternative crop for central
Oregon. Tulip bulbs of 'Orange Emperor', 'Burgundy Lace', `Abba', and 'Gander' were
established in small plots at Madras, Powell Butte, and Sisters, Oregon, to further examine
performance observed in 1999 trials in central Oregon. Rate of increase in bulb weight varied
from about 30 to 400 percent for tulips at Madras and 44 to 200 percent at Powell Butte.

Introduction

Although most tulip (Tulipa spp.) production occurs in Holland, the region of origin of these
plants is in the mountains of western and central Asia (De Hertogh, and Le Nard, 1993). For this
reason, and because of the success of garlic seed production, it was thought that central Oregon
might serve as a good location for increasing tulip bulbs. Relative to other areas, central Oregon
might have competitive advantages in being able to control soil water (low rainfall), lower
humidity (less disease pressure), intense sunlight, and cool spring weather (longer duration of
bulb growth). Nevertheless, there are several hurdles to overcome: (1) greater risk of winterkill,
(2) need for an infrastructure for treating and storing bulbs, and (3) need to develop market
channels. The objective of this trial was evaluate performance by determining the increase in
bulb weight per plant one might expect for several varieties of interest in central Oregon, and to
better familiarize ourselves with bulb cultivation.

Methods

Bulb stock for 'Orange Emperor' and 'Burgundy Lace' were products of the previous year's trial
at Madras and Powell Butte. 'Gander' and `Abba' were supplied from a commercial supplier.
All tulips were dusted in a thiram bulb dust prior to planting. After tilling in 100-200-200-45
lb/acre of NPKS at each site, the bulbs were planted to a depth of 6 inches (surface to the base of
the bulb). Each variety of tulip was planted in 10 ft, single-row plots with a 30-inch row spacing
at 45 bulbs per row. Plots were laid out in a randomized complete block design with three
replications of 'Orange Emperor' and 'Burgundy Lace' and one replication of 'Gander' and
`Abba'. Bulbs were planted on October 27 at Sisters, November 2 at Powell Butte and
November 9 at the Madras site. Two rows of garlic were planted around the outside of the plots
as a border at each site.

Blossoms were clipped as they approached 50 percent open. Bulbs were harvested by hand after
60 to 70 percent of the foliage had senesced. All bulbs were harvested at Madras and Powell
Butte and visually assessed for disease. Bulb weight was determined after 7 days or more of
storage at approximately 65 EF (18EC). Percent increase was calculated by dividing the gain in
bulb weight per plant by initial weight [(final - initial) / initial].
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Results

Plots at the Sisters site suffered severe deer damage at emergence and were not be included in
the evaluation. At the remaining sites, plants emerged by mid-March at Madras and by the end
of March at Powell Butte. Initial growth was good for all varieties. Blooming began in early
April in Madras and in late April at Powell Butte. There was no apparent development of
fusarium basal rot as reported last year. Bulbs were healthy and exhibited desirable physical
appearance preferred by purchasers.

Table 1. Harvest date and percent increase in bulb weight for tulip bulbs grown in central
Oregon in 2000. Flowering date was determined when 10 percent of row showed blooms.

Variety

Weight per bulb planted
Flowering

date Initial	 Final
Average
increase

	 (g/plant) 	 (% of initial)

Madras Abba April 10 37.4 63.1 69.0
Burgundy Lace April 24 17.7 86.7 397.1
Gander April 6 33.5 56.5 68.6
Orange Emperor April 7 30.6 52.0 73.6

Powell Butte Abba April 20 36.9 58.0 57.1
Burgundy Lace May 1 21.1 63.1 220.8
Gander April 18 33.2 48.0 44.5
Orange Emperor April 18 21.4 48.3 126.5
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STATE-WIDE CEREAL VARIETY TESTING PROGRAM TRIALS
IN CENTRAL OREGON

Rhonda Bafus, John Bassinette, Russ Karow, Mylen Bohle, and Peter Sexton

Abstract

Grain variety trials were conducted at Madras, Oregon, as part of the seventh year of a state-wide
variety testing program. Winter and spring wheat, triticale, and spring barley were grown. As
groups, winter triticale (24 varieties) had the highest average yield (9,660 lb/acre) followed by
winter wheat (38 varieties) (8,460 lb/acre), spring wheat and triticale (50 varieties) (6,9001b/ac),
and spring barley (15 varieties) (4,257 lb/acre). Spring wheat yields were again among the
highest they have been in 6 years of testing. Lodging was a problem in all trials, though there
were differences among varieties within trials. 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.

Introduction

Public, and private Pacific Northwest plant breeders release new cereal varieties each year. To
provide growers with accurate, up-to-date information on variety performance, a statewide
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. Ten sites are included in the testing network.
More than 50 varieties are tested each year at each site. 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 other popular press media. Data for all trials are on the OSU Cereals
Extension web page (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

Plots (5 ft x 20 ft) were planted at a rate of 30 seeds/ft2 using an Oyjord plot drill. Winter trials
were planted on October 15, 1999. Spring trials were planted on April 7 and 8, 2000. The
nitrogen supply goal for winter wheat and triticale is 200 lb N/acre. The nitrogen supply goal for
spring wheat and triticale is 160 lb N/acre. The nitrogen target for spring barley is 100 lb N/acre.

Table 1. Soil test results from samples taken on March 16, 2000, for the winter wheat and triticale, and spring wheat
and triticale state-wide variety test trial, at COARC, Madras, Oregon.
Soil Depth	 pH	 NO3	 NH4	 P	 K	 S

(lb/a)	 (lb/a)	 (ppm)	 (ppm)	 (ppm)
0-12	 7.2	 25	 21	 24	 392	 8.8
12-24	 8.0	 28	 19	 11	 235	 12.7
0-24 Total	 53	 40
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Table 2. Soil test results from samples taken on March 8, 2000, for the spring barley state-wide variety test trial at
COARC, Madras, Oregon.
Soil Depth pH NO3 NH4 P K S

(1b/a) (lb/a) (ppm) (ppm) (ppm)
0-12 in. 6.8 24 22 27 463 9.7
12-24 in. 7.3 62 17 11 288 9.9
0-24 in. Total 86 39

The winter wheat and triticale variety trials were fertilized with 450 lb/a of 30-10-0-7 on April 5,
2000. Total nitrogen (soil + fertilizer N) available to the plants was 188 lb/a. The spring wheat
and triticale variety trial was fertilized with 400 lb/a of 30-10-0-7 on April 23, 2000. Total
nitrogen (soil + fertilizer N) available to the plants was 173 lb/a. The spring barley variety trial
was fertilized with 42 lb/a of 34-0-0-0 on April 5, 2000. Total nitrogen (soil + fertilizer N)
available to the plants was 100 lb/a. Only soil NO 3 is used for the nitrogen budget, in addition to
the applied nitrogen.
Weed control for the trials included: applying 1.5 pints/acre Buctril and 0.5 pint/acre of 2,4-D,

on April 4, 2000 on the winter wheat and triticale variety trial; applying 2.0 pints/acre of Bronate
on May 22, 2000 to the spring wheat and triticale variety trial; and applying 2.0 pints/acre on
April 6, 2000 to the spring barley variety trial. Broadleaf weed control was excellent in all of the
variety trials. The spring wheat and triticale variety trial had some problems with wild oats in
one of the reps.

The trials were irrigated as needed with a 30 feet x 40 feet spacing solid set irrigation system.
Date of first irrigation for the a) winter wheat and triticale variety trial, b) spring wheat and
triticale variety trial, and c) spring barley variety trial occurred on April 17, April 17, and April
17, 2000. The last irrigation for the a) winter wheat and triticale variety trial, b) spring wheat
and triticale variety trial, and c) spring barley variety trial occurred on July 27, July 27 and July
25, 2000.

Heading dates were recorded when 50 percent heading occurred. Just prior to harvest, lodging
scores (%) and plant height (inches) measurement were taken. The trials were harvested with a
Hege plot combine. Harvest dates for the a) winter wheat and triticale variety trial, b) spring
wheat and triticale variety trial, c) spring barley variety trial are August 17, August 18, and
August 18, 2000. The grain samples were shipped to the OSU Hyslop Farm at Corvallis and the
grain was cleaned on a Peltz rub-bar cleaner. Plot yield, test weight, protein, moisture, and 1000
kernel weight were all determined on cleaned grain samples. Wheat and triticale yields are
reported on 10 percent moisture, bu/acre basis (60 lb/bu). Barley yields are reported as lb/acre at
10 percent moisture. Protein and moisture levels were determined using a whole-grain, near
infrared protein analyzer. Proteins are reported on a 12 percent moisture basis.

Results and Discussion

Winter Wheat and Triticale Trial

The winter wheat and triticale trial average yield was 141 bu/acre and yields ranged from 106 to
162 bu/acre (table 3). For the top yielding 15 entries, Madsen/Stephens mix to MacVicar (a
range of 162 bu/a to 149 bu/a, PLSD 0.10 = 14 bu/a for significance), there were no significant
difference between these varieties. The top two yielding varieties in the trial were triticale
varieties. Given the similarity in yields for the leading varieties, selections should be made
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based on traits such as disease and lodging resistance, plant height, grain quality, or other desired
characteristics.

Lodging returned as a problem in the 2000 winter grain trials. Lodging had been a problem from
1993-1995 but had lessened with more careful nitrogen management in 1996 to 1999. Average
plant height was 38 inches and average grain protein was 8.8 percent compared to 9.5 percent in
1999. Optimum grain yield occurs at approximately 9.5 percent protein for soft white winter
wheat and is an indicator of nitrogen supply. Optimum hard red wheat yield is thought to occur
at approximately 11.5 percent protein.

One interesting entry in the winter wheat and triticale trial is the rye variety, Rifle. Plant height
is 38 inches (only three inches taller than Stephens), had a lodging score of only five percent, and
yielded 121 bu/a. It is a breakthrough variety for rye, compared to previous rye varieties tested.

Winter Triticale Trial

The winter triticale variety trial average yield was 161 bu/acre and yields ranged from 128 to 188
bu/acre (Table 4). The witner triticale vareites averaged 20 bu/a more than did the winter wheat
varieties. Alzo, a Polish triticale introduced to Oregon by Dr. Robert Metzger, was the top
yielder and lodged considerably less than previous years. There were no statistical significant
differences between the top eight yielding varieties (Alzo, at 188 bu/a, to RSI 5420, at 175 bu/a).
There were three triticale varieties that had test weights of 60 lb/bu or greater; and 14 varieties
with test weights between 58.0 to 59.9 lb/bu. The test weights, on released varieties and
experimental lines, have increased dramatically over the years. For the second year in a row,
Migo, a spring triticale variety, was one of the top yielders. It has been been "burned" back by
freezes during the winter and spring. Madsen, soft white winter wheat variety and the second
lowest yielding entry in the trial, was used as the check variety, because it is one of the most
disease resistant wheat variety.

Spring Wheats and Triticales

The spring wheat and triticale trial average yield was 115 bu/acre and ranged from 92 to 142
bu/acre (Table 5). 2000 was the fourth consecutive year of high spring grain yields. Migo was
the highest yielding entry and triticale variety entry. There was no significant difference (P =
0.10 level) though between the top 16 yielding entries.

In contrast to the winter trials where soft white varieties dominate, hard white and hard red lines
tend to have higher yields in the spring trials. While yields are high for the hard classes, protein
levels have been marginal. The nitrogen fertility program is managed for soft white wheat.
Marketing hard red wheat with low protein is not possible in present market conditions.
Alternate fertilization strategies were investigated for hard spring wheat in 1999 and 2000, and a
third year is planned for 2001.

Among soft white lines, there has been high yield variability from year to year. Pomerelle has
been among the most consistent of the high-yielding varieties. Pomerelle is later than most other
soft white lines and has slightly lower test weight and protein. Pomerelle has also shown some
susceptibility to lodging. IDO 506, Penawawa, and Alpowa are other soft white lines that have
good yield potential in central Oregon. Multiple seeding rates were evaluated for Penawawa for
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a second year. It appears seeding rate had no significant effect on yield or test weight, but did
show a slightly higher protein level with the higher seeding rate, though was not significantly
different.

A number of new hard white, soft white, and hard red lines from Idaho and Oregon yielded well
in 2000. Winsome, hard white wheat variety, yielded very well, and there were two Idaho
experimental hard white lines that yielded greater than Winsome. There was no significant
difference between the top yielding hard red variety or experimental line to the lowest yielding
variety or experimental line, except for Hank. Most of the hard red varieties and experimental
lines had excellent lodging resistance this year, except for Hank, Jefferson, Iona, WA 7824, and
Scarlet; these entries had much higher lodging scores.

M94-4393 triticale (a Dr. Robert Metzger introduced line from CYMMIT), is an awnletted
triticale with excellent test weight, excellent lodging resistance (even though it is a tall line), and
average to above average yield potential, will be discontinued. There are some true awnless
experimental triticale lines from other sources, for forage purposes, that should be released in the
next five years.

Spring Barley

Spring barley data are presented in Table 6. The average yield for spring barleys was 4,257
lb/acre and ranged from 1,722 to 5,273 lb/acre. Yield was down considerably from last year.
This is attributed to uneven nitrogen fertility and possible soil compaction across the trial area.
Even though there were problems in the field, CV's were not nearly as high as expected and
were in line with previous years. There were no significant differences between the top six
yielding barley varieties (Baronesse (2RF), Garnet (2RF), Xena (2RF), Tango (6RF), and Valier
(2RF), and Othello (2RF/M) in the trial. Valier is a new Montana release that was selected for
feed quality through increased animal performance documented in feeding trials.

Baronesse has been a consistent top yielder over the years. Baronesse has above-average test
weight and good lodging resistance, as long as nitrogen fertility is properly managed. Only the
variety Belford had significant lodging problems. All of the high yielding spring varieties have
"good" lodging resistance, which probably contributes to their yield potential.
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Table 3. Statewide variety testing program for winter wheat, Madras, OR, 2000.

Variety or line'

Market Yield (bu/ac)

2000 Data

Test wt. Protein

(%)

Heading

(doy)

Height

(inch)

Lodging

(% of plot)class2 2000 1999 1998 (lb/bu)

Alzo Triticale 179 155 - 58.7 7.3 142 45 3
Bogo Triticale 163 190 151 55.7 8.4 141 41 15
Madsen + Stephens mix SW 162 166 136 61.6 8.9 147 36 35
Hybritech 5019 SW 158 - 61.9 8.9 148 37 28
Rod SW 156 165 126 61.7 8.0 154 37 30
Hybritech 7415 SW 154 62.1 9.3 143 37 42
OR 939528 SW 153 161 61.1 8.6 149 37 23
Stephens (40 seeds/ft-2) SW 153 160 60.8 8.8 145 35 32

Stephens (no Gaucho) SW 152 164 59.8 8.2 146 35 23
Stephens (untreated seed) SW 152 60.9 8.7 145 34 35

ID-52814A SW 151 62.3 8.4 154 37 80

Stephens (20 seeds/ft-2 ) SW 151 158 61.4 9.3 146 35 23

Stephens (30 seeds/ft-2) SW 151 178 61.3 8.5 149 35 22

Weatherford SW 150 150 140 61.8 9.0 152 39 12

OR 939526 SW 149 61.4 8.5 151 37 13

Basin SW 149 - 63.0 7.7 153 31 2

Macvicar SW 149 147 61.0 8.8 148 37 52

OR 943575 HW 145 150 - 60.7 8.9 154 37 27

Madsen SW 145 151 147 61.7 9.2 155 38 25

ID-B-96 SW 145 60.9 8.8 150 36 8

Hiller Club 138 147 113 58.8 9.0 150 40 25

Bruehl Club 137 58.4 9.0 156 40 72

Connie Durum 137 80 64.0 10.8 145 35 33

Foote SW 136 145 81 60.9 9.8 148 39 33

OR 850513-8 HW 133 61.2 8.5 147 34 0

OR 943560 SW 132 - 61.7 8.8 153 38 27

Gene SW 131 129 139 59.9 10.1 146 32 0

Coda Club 130 139 96 61.2 9.7 155 41 50

OR 850513-9 HW 127 - 63.2 8.6 147 39 88

Temple Club 127 143 98 61.2 8.5 147 38 88

Celia Triticale 126 155 130 58.2 10.5 147 38 1

Rohde Club 124 147 118 61.0 8.6 150 37 73

Rely Club 122 140 99 60.7 8.5 155 42 85

Rifle Rye 121 119 58.7 6.7 138 38 5

Boundary HR 120 62.8 10.3 148 38 92

IDO 513 SW 118 61.3 9.2 152 38 65

IDO 550 HW 115 61.6 8.8 150 43 95

Edwin Club 106 62.3 9.5 155 47 88

Trial Mean 141 153 116 60.9 8.8 149 38 38
PLSD 0.05 17 15 13 1.0 0.9 avg avg avg
PLSD 0.10 14 7 10 1.0 1.0

CV (%) 7 7 10 1.2 7.5
P > F 0.00 0.00 0.00 0.00 0.00

'All seed treated with fungicide and Gaucho (insecticide) prior to planting unless otherwise noted. Seeding rate was 30 seeds per ft t unless otherwise noted

2 HR=hard red, HW= hard white, SW =soft white, doy=day of year
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Table 4. Statewide variety testing program for winter triticale, Madras, OR, 2000.

Variety or line'
Market Yield (bu/ac)

2000 Data

Test wt.
(Ib/bu)

Protein

(%)

Heading
(doy)

Height
(inch)

Lodging
(% of plot)class2 2000	 1999 1998

Alzo Wtrit 188 155 58.1 9.6 142 48 29
Kitaro Wtrit 181 59.9 9.6 138 44 2
Migo SPtrit 179 179 56.0 10.2 138 46 63
Lamberto Wtrit 178 - 58.3 8.6 140 47 35
Titan Wtrit 178 186 57.5 10.0 138 43 14
Iceberg Wtrit 177 161 58.4 10.3 149 45 16
RSI 5616 Wtrit 177 58.2 10.0 139 43 13
RSI 5420 Wtrit 175 59.2 9.0 141 47 4
Bogo Wtrit 164 175 55.4 9.4 142 45 59
B86-3335*2/Tatu Wtrit 162 145 58.8 9.2 138 37 2
Mieszko SPtrit 161 - 57.2 10.1 137 48 58
FT31 Kansas Wtrit 160 158 60.7 10.6 136 45 6
Celia Wtrit 157 139 130 58.6 10.5 146 39 3
Presto Wtrit 157 138 60.2 9.8 138 45 82
B86-3335*2/Presto Wtrit 156 161 58.0 9.0 143 41 4
Prado Wtrit 156 58.3 8.7 141 50 70
RSI MAL-366 Wtrit 155 58.8 11.0 136 42 1
RSI VIC-1439 Wtrit 152 60.6 9.6 139 47 8
Trical 815 Wtrit 148 57.8 9.3 140 51 35
RSI L989 Wtrit 147 58.6 8.7 138 49 8
KT95G06 Wtrit 144 58.4 9.3 143 51 83
Wanad Sp Trit 143 152 58.0 11.1 137 47 72
Madsen WSWW 141 156 60.8 10.4 155 38 20
Bobcat Wtrit 128 55.7 10.9 137 54 92

Trial Mean 161 149 58.3 9.7 140 45 32
LSD (0.05) 25 19 0.9 1.4 avg avg avg
LSD (0.10) 21 16 0.8 1.2

CV (%) 10 8 1.0 9.0
P > F 0.00 0.00 0.00 0.02

'All seed treated with fungicide and Gaucho (insecticide) prior to planting unless otherwise noted. Seeding rate was 30 seeds per ft unless otherwise noted

2 Wtrit= winter triticale, Sptrit= spring triticale, WSWW =soft white winter wheat, doy=day of year
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Table 5. Statewide variety testing program for spring wheat, Madras, OR, 2000.

Variety or line'
Market

class2
Yield (bu/ac)

2000 Data
Test wt.

(lb/bu)

Protein

(%)

Height

(inch)

Heading

(doy)2

Lodging

(% of plot)2000 1999 1998

Migo Triticale 142 179 54.6 9.1 45 173 5
PG 12111 Triticale 133 59.3 10.1 43 170 9
IDO 377S HW 133 107 63.7 12.2 35 172 57
Whitebird SW 130 105 107 62.8 11.5 39 172 7
IDO 560 HW 129 - 63.1 10.3 39 175 10
IDO 506 SW 129 115 62.9 9.1 38 173 2
Kargo Triticale 128 59.5 8.5 46 169 1
Gabo Triticale 128 57.9 8.9 45 171 31
Winsome HW 127 - - 63.0 10.6 37 176 1
Alpowa (no Gaucho) SW 126 108 103 62.7 8.8 41 175 30
Pomerelle SW 126 132 105 61.8 9.0 36 175 7
M94-4393 Triticale 126 135 103 60.0 9.0 48 168 3
OR 4870410 HR 123 62.9 10.9 39 175 1
IDO 533 HW 122 117 113 64.8 10.8 36 171 0
Bonus HR 122 63.6 10.6 29 169 0
Chalis SW 122 61.8 8.3 36 173 13
Express HR 121 - 62.9 12.7 37 175 1
Penawawa (30seeds/ft2) SW 121 133 63.3 8.9 37 172 0

Brooks HR 119 64.8 10.7 26 168 0
OR 4920311 HW 119 64.1 10.1 38 175 1
Standard HR 118 - 63.5 9.8 28 168 0
Alpowa (untreated) SW 118 62.9 9.8 40 176 4
IDO 525 SW 117 126 63.0 9.2 40 172 6
WPB 936 HR 117 144 111 63.3 11.1 32 170 0
Penawawa (40 seeds/ft2) SW 116 127 62.6 9.6 37 172 7

IDO 526 SW 116 124 63.3 8.7 37 173 2
Alpowa SW 114 109 101 63.0 9.7 38 176 28
Yecora Rojo HR 114 143 64.5 11.4 27 169 0
Penawawa (20 seeds/ft2 ) SW 113 136 63.0 8.9 35 174 0

Jefferson HR 112 113 64.0 11.2 38 171 23
OR 4970039 SW 111 61.4 9.6 38 173 17
Treasure SW 111 62.6 9.3 37 176 2
WA 7824 HR 111 64.0 11.5 40 169 45
ML 107-3,1 HW 110 63.0 11.2 39 178 18
PG 2166 Triticale 110 58.1 9.3 36 170 0
PG 303 Triticale 110 59.4 9.2 34 168 0
OR 4970062 SW 110 62.7 10.0 38 172 0
Wanad Triticale 110 57.7 8.2 48 169 1
Zak (WA7850) SW 108 90 62.4 9.2 36 176 27
PG 40611 Triticale 107 59.0 8.9 34 168 0
OR 942885 SW 107 63.2 10.4 39 173 28
Scarlet HR 106 100 63.3 12.3 42 170 58
ML 107-184(2) HW 106 62.8 10.8 38 178 1
OR 4880189 HR 106 - 64.2 10.7 33 170 0
Wawawai SW 106 105 86 63.8 10.4 38 170 55

-122 -



Table 5 cont.

Variety or line' Market class2 Yield (bu/ac) Test wt.

(Ib/bu)

Protein

(%)

2000 Data
Height

(inch)

Heading

(doy)2

Lodging

(% of plot2000 1999 1998
Iona HR 105 63.5 13.1 39 172 78
ML 037A(5-2) SW 103 - 62.1 9.2 35 176 0
ML 455 HW 99 92 62.6 10.0 35 179 13
Hank HR 98 63.2 10.7 33 170 0
Trical 2700 Triticale 95 55.6 9.2 58 174 47
OR 49.70025 SW 93 62.2 11.1 39 175 63
PG 61307 Triticale 92 57.2 8.7 35 170 0

Trial Mean 115 116 104 62.0 10.0 38 172 14
LSD (0.05) 24 21 16 1.2 1.7 avg avg avg
LSD (0.10) 20 18 13 1.0 1.4

CV (%) 10 11 9
P > F 0.02 0.00 0.00 0.00 0.00

I All seed treated with fungicide and Gaucho (insecticide) prior to planting unless otherwise noted. Seeding rate was 30 seeds per sq. ft. unle
otherwise noted
2 HR=hard red, HW= hard white, SW =soft white, doy=day of year. KWT= weight of 1000 kernels

Table 6. Statewide variety testing program for spring barley, Madras, OR, 2000.

Variety or line'

Market

class2
Yield (bu/ac)

2000 Data
Test wt.

(lb/bu)

Protein

(%)

Height

(inch)

Heading

(doy)2

Lodge

(% of plot)2000 1999 1998

Baronesse 2RF 5273 6921 4083 57.2 8.7 27 168 2
Garnet 2RF 4854 57.0 10.3 29 169 5
Xena 2RF 4837 6798 - 57.2 8.6 27 168 0
Tango 6RF 4736 5984 4022 54.4 10.8 35 163 2
Valier 2RF 4676 - 57.7 8.7 30 168 1
Othello (BCD 47) 2RF/M 4497 56.8 11.0 18 168 0
Harrington 2RM 4481 - 57.6 10.0 25 167 2
Steptoe 6RF 4417 6227 3922 54.2 10.4 27 167 1
WA9504-94 2R 4412 6416 - 56.6 9.3 24 173 0
Chinook 2RM 4309 6101 3319 56.7 12.1 24 168 0
H3860224 2RF/M 4265 - 57.0 11.9 24 171 0
Bancroft 2RM 4097 4946 - 56.8 11.3 25 167 5
Orca 2RF 3772 4898 2663 55.4 12.6 30 164 3
Belford Hooded 3503 - 51.6 11.1 36 166 42
Sara-I Hooded 1722 - 51.3 12.3 34 165 10

Trial Mean 4257 5953 4411 55.8 10.6 28 168 5
LSD (0.05) 944 1064 982 0.8 1.7 avg avg avg
LSD (0.10) 784 884 815 0.7 1.4

CV (%) 13 11 13 0.9 9.8
Pr>F 0.00 0.00 0.00 0.00 0.00

1 All seed was treated with fungicide and Gaucho (insecticide) prior to planting unless otherwise noted. Seeding rate was 30 seeds per sq.
unless otherwise noted.
2 2R= two row; 6R = six row; F= feed; M = malt; F/M = may be considered for malt; DOY = day of year;
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CORN SILAGE POTENTIAL IN CENTRAL OREGON

Rhonda Bafus, Peter Sexton, and Mylen Bohle

Abstract

Corn silage yields average approximately 23 tons per acre for six varieties tested at the Central
Oregon Agricultural Research Center (COARC) and the on-farm trial at the Ed Hemenway farm.
Yields at the COARC averaged 22.6 tons per acre and 23.2 tons per acre at the on-farm site.
Yield and quality were comparable, though the quality was better at the on-farm site. Yields and
quality were comparable to results obtained last year, thus supporting the potential for corn
silage production in the area.

Introduction

Corn is a tropical grass, native to Central and South America. Central Oregon presents a
relatively cool environment for growing this crop, and there was some doubt about how well it
would perform in the area. Results from the 1999 trial determined that 90-day corn would
provide adequate growth for silage. With the help of several companies, a number of different of
corn varieties were grown to determine yield potentials for the area. The objective of this study
was to further determine if corn varieties could be profitably grown for silage.

Materials and Methods

Six varieties ranging in maturity from 89 to 104 days were planted in 6-row strip plots at the
COARC, Madras, Oregon on May 18, and on May 26 at Ed Hemenway's farm south of Gateway
(north of Madras) near Mud Creek. The elevation at the Madras site is 2200 feet, while the on-
farm site is slightly lower in elevation and is a "warmer" site.

The varieties tested were:

Variety
Croplan 298
Croplan 345
Geertson GS998
Geertson GS1049
Geertson GSX1000ND
UAP DG5345RR

Company* 
Cenex/Land O'Lakes/Croplan Genetics
Cenex/Land O'Lakes/Croplan Genetics

Geertson Seed Farms
Geertson Seed Farms
Geertson Seed Farms
UAP Northwest

*We acknowledge and thank these companies for their participation and their partial funding of
the trial.

Corn varieties were planted at both locations using a John Deere 7000 planter. Plots consisted of
six rows, with 30-inch row spacing, and were planted at 30,000 seeds/ per acre. On-station plot
size was fifteen feet in width and 230 feet in length. A solid set sprinkler system was used at
Madras for irrigation and a center pivot irrigation system was used at Gateway.
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Initial soil tests at the Madras station indicated 61 pounds per acre of NO 3 present in the soil
profile (0-24 inches) (see table 1). Pre plant fertilizer at Madras was broadcast at a rate of 225
lb/acre 21-0- 0-24, 200 lbs/ acre of 16-20-0-15 was side dressed at planting, 160 lbs/ acre of urea
(46-0-0) on June 30. Total fertilizer applied to the crop included 153 lb/a of N, 40 lb/a P205,
and 84 lb/a S. Total available N the crop at Madras was 214 lb/a.

Table 1. Soil test results for the COARC corn field, Madras, Oregon talen March 8, 2000.
Depth pH NO3 NH4 P K S
(in.) (lb/a) (1b/a) (ppm) (ppm) (ppm)

0-12 6.9 22 30 32 460 10.1
12-24 7.9 39 23 15 290 16.1
0-24 Total 61 53

The soil test taken at the Gateway site revealed a lot of nitrogen left over from the previous crop
(table 2). Wheat was planted and grown for pasture by cattle, prior to tilling and planting the
field to corn. It is not known how much nitrogen was left in the soil profile at planting time.
The fertilizer applied included 380 lb/ac of 46-0-0 and 135 lb/ac of 0-45-0 broadcast prior to
planting, and 200 lb/ac of 16-20-0-15 banded on May 26. Total pounds of nutrients applied:
207 lb/ac N, 61 lb/ac P205, and 30 lb/ac of S.

Table 2. Soil test results (sample taken on January 13, 2000) for the corn field at the Ed Hemenway Farm, Gateway,
Oregon.

Depth pH NO3 NH4 P K S B Zn OM
Soluble

Salts
(in.) (Ib/a) (lb/a) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (mmhos/cm)

0-12 5.9 138 13 20 269 12 0.6 0.4 2.4 1.3

Two sub samples for each variety were harvested by hand (using a machete) in Gateway on
September 22. For each sub sample harvested, 21.5 ft of row was cut at 6-inch height. The fresh
weight was determined and a two-stalk sub sample was ground through a landscape chipper. The
chopped material was mixed well, and a sub sample was removed and immediately weighed with
an electronic scale (Scout SC6010, Ohaus Corp, Florham Park, NJ), and placed in a paper bag
for drying. This percent moisture was used to convert fresh weight yields to a dry-matter basis.

Madras silage plots were harvested on September 26 using a two-row New Holland chopper with
a cutting height of 4 inches. Ends and sides of the field were trimmed prior to chopping to
ensure a constant area. Plots were chopped into a truck and weighed on a commercial truck scale
(Cenex, Inc., Madras, OR). A 300 to 500 g sub sample of each plot was taken, placed into a
sealed plastic bag, and weighed.

All of the sub samples were dried at 145 degrees Fahrenheit until dry (constant weight) and then
ground through a Thomas-Wiley Mill (Arthur H. Thomas Co., Philadelphia, PA) with 1.0 mm
screen to analyze for quality using wet chemistry by a commercial lab (Agri-King, Inc. Fulton,
IL). Digestible yields, nutrient uptake or yield was calculated.
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Results and Discussion

Initial plant stand at both sites was very good and plants grew rapidly throughout July and
August. Harvest population and percent dent, harvest yields and agronomic information, quality
analysis, and nutrient uptakes for the corn silage trials are summarized in tables 3, 4, 5, and 6.

Harvest population at Gateway averaged 26,879 plants/acre (30,000 seeds per acre were planted)
and only one variety had a dent percentage that was different form the rest at both sites. Croplan
345 was more mature at harvest based on dent. (See Table 3)

Yields (at 65% moisture) averaged 23.2 ton/acre (7.9 ton/acre dry matter) at Gateway and 22.6
ton/acre (8.1 ton/acre dry matter) in Madras. Bird damage was significant at the Madras site. It
is difficult to say there were real differences in yield between the varieties, because there were no
true replications, but GS 998 was the top yielder at both locations. The dry matter yield
differential was a plus 0.7 t/a and 1.2 t/a at Madras and Gateway, compared to the second highest
yielding variety. The other five varieties were separated by 0.3 t/a and 1.0 t/a at Madras and
Gateway. There was a killing frost just before the plots were harvested at Madras and there was
some leaf drop.

On Average, Madras receives about 1,870 growing degree-days for corn between May 1 and
September 30. This corresponds to about a 75-day corn for full maturity. Because corn grown
for silage is harvested before maturity, a variety that takes longer to mature is appropriate for
corn silage where it wouldn't be for grain. Actual growing degree-days for Madras in 2000 were
1,550 and 1,461 for Gateway. Growing degree-days were calculated from date of emergence to
harvest. On average, date of emergence was 12 days after planting.

Crude protein, at Gateway, averaged 8.9 percent, which was higher then the 7.0 percent average
at Madras. Acid detergent fiber was lower at 28.3 percent at Gateway compared to 30.4 at
Madras. The range of ADF was 30.4 to 31.1 percent at Madras and 23.5 to 31.9 at Gateway.
NDF averaged 46.7 percent at Gateway and 49.7 at Madras while the range of NDF at Madras
was 48.4 to 50.5 percent and 40.0 to 51.1 at Gateway. IVDMD averaged 68.0 percent and 69.3
percent at Madras and Gateway (table 3). The range in ADF, NDF, and IVDMD was much
greater at the Gateway site. The Gateway site also had the highest average quality.

The nutrient analyses are is presented in table 5. IVDMD in tons per acre and nutrient uptake are
presented in table 6. Total nutrient uptake, at both sites, was approximately the same for
Calcium, Phosphorus, Magnesium, Potassium, as well as lignin and ash produced by the crop.
Though the potassium level, in the two fields, was different, there was not a large difference in
the plant percent potassium, or the total amount of potassium taken up by the crop at the two
sites. Oil, Chlorine and Nitrogen uptake was much greater at Gateway than at Madras. Sodium
uptake was greater at Madras. There was a 54 lb/ac average difference in nitrogen uptake
between the sites.

The field performance of the corn crop at both locations this year and last year indicates good
potential for growing more corn silage in the Jefferson county area.
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Table 3. Plant population at harvest at Gateway, and percent dent at Madras and Gateway.

Variety
Maturity
Rating

Plant Population
at Harvest (Gateway) Dent (at Madras) Dent (at Gateway)

(Days) (Plants/acre) (%) (%)
Croplan 345 95 27,149 5 45
Croplan 298 89 26,339 10 10
Geertson G S1049 104 28,365 5 5
UAP DG5345RR 97 25,528 5 5
Geertson GS 998 99 28,365 0 1
Geertson GSX1000ND 100 25,528 0 10
Average 26,879 4 13

varieties were at growth stage R3 at both locations at time of harvest.
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Table 4. Performance of corn silage varieties planted in a commercial field near Gateway on May 26 and at COARC, Madras, OR on May 18

Variety
Maturit
Rating

Yield
at

65%
Moisture

Dry
Matter
Yield

Field	 Bird
Moisture Damage

Seed
Moisture	 Height

Leaf
Number

at
Harvest

Crude
Protein

Soluble
Protein

Acid
Detergent

Fiber

Neutral
Detergent

Fiber

Net
Energy

Lactation
(Days)	 (tons/acre)	 (tons/acre) (%) (%) (%) (in) (%) (%) (%) (%) (Mcal/lb)

Madras, OR
Geertson 998 99 25.7 9.0 68.8 3 74.5 109 13 7.33 37.5 30.4 50.5 0.66
Croplan 345 95 22.3 7.8 62.9 25 64.4 118 14 6.94 30.4 30.7 49.8 0.66
Croplan 298 89 22.3 7.8 73.2 3 70.2 118 14 5.69 33.3 30.8 50.5 0.66
UAP DG5345RR 97 22.3 7.8 65.0 15 64.0 104 14 6.89 36.6 29.8 50.3 0.67
Geertson 100 21.7 7.6 65.8 10 57.2 108 12 7.45 31.7 29.5 49.0 0.67
GSX1000ND
Geertson 1049 104 21.4 7.5 70.4 12 61.3 101 16 7.66 38.1 31.1 48.4 0.65

Mean 22.6 7.9 57.2 11 65.3 110 13.8 7.00 34.6 30.4 49.7 0.66

Gateway, OR

Geertson GS 998 99 26.3 9.2 78.1 8.12 36.2 29.2 51.1 0.68
Geertson GS 1049 104 24.3 8.5 78.5 9.65 33.3 23.5 40.0 0.75
Geertson 100 23.4 8.2 78.0 9.14 42.9 27.4 44.3 0.70
GSX1000ND
Croplan 345 95 22.3 7.8 76.0 8.93 36.2 28.0 44.8 0.69
Croplan 298 89 21.7 7.6 74.2 8.74 40.4 31.9 50.9 0.64
UAP DG5345RR 97 21.4 7.5 75.8 8.76 37.9 30.0 49.1 0.67

Mean 23.2 8.1 76.8 8.90 37.8 28.3 46.7 0.69

yields corrected for bird damage assume a 50% harvest index.



Table 5. IVMDM, oil, calcium, phosphorus, magnesium, potassium, sodium, chlorine, lignin, ash percent contents, and net energy for maintenance, and net energy for gain
for corn silage varieties planted in a commercial field near Gateway on May 26 and at COARC, Madras, OR on May 18.

Net Energy Net Energy
Variety
	

IVDMD	 Oil	 Calcium Phosphorus Magnesium Potassium Sodium Chlorine Lignin 	 Ash	 Maintenance	 Gain

(%)	 Mcal/lb	 Mcal/lb
Madras, OR

Croplan 345	 66.0	 1.10	 0.14	 0.18	 0.19	 1.50	 0.06	 0.13	 3.06	 5.56	 0.69	 0.43
Geertson GSX1000ND	 68.3	 1.03	 0.19	 0.20	 0.17	 1.77	 0.03	 0.11	 2.91	 6.91	 0.69	 0.42
Croplan 298	 66.1	 0.70	 0.22	 0.15	 0.14	 2.09	 0.03	 0.10	 3.58	 6.55	 0.69	 0.42
Geertson 998	 69.8	 0.92	 0.16	 0.17	 0.16	 1.82	 0.03	 0.08	 2.64	 6.37	 0.70	 0.43
Geertson 1049	 68.6	 1.16	 0.17	 0.27	 0.16	 1.82	 0.06	 0.10	 2.90	 5.95	 0.70	 0.44
UAP DG5345RR	 69.4	 0.82	 0.20	 0.22	 0.19	 1.49	 0.04	 0.08	 2.77	 7.59	 0.69	 0.42

Mean
	

68.0	 0.96	 0.18	 0.20	 0.17	 1.75	 0.04	 0.10	 2.98	 6.49	 0.70	 0.43

Gateway, OR
Croplan 345	 67.6	 1.30	 0.19	 0.19	 0.23	 1.41	 0.02	 0.19	 2.97	 6.21	 0.71	 0.44
Croplan 298	 74.1	 1.77	 0.15	 0.22	 0.19	 1.62	 0.03	 0.20	 2.25	 5.99	 0.76	 0.49
Geertson GS 1049	 70.8	 1.30	 0.17	 0.21	 0.17	 1.76	 0.03	 0.14	 2.83	 5.88	 0.72	 0.45
UAP DG5345RR	 68.8	 1.23	 0.18	 0.22	 0.21	 1.43	 0.04	 0.15	 3.03	 6.97	 0.72	 0.45
Geertson GS 998	 66.1	 1.02	 0.18	 0.19	 0.18	 2.05	 0.03	 0.21	 3.33	 7.00	 0.68	 0.41
Geertson GSX1000ND	 68.2	 1.24	 0.17	 0.24	 0.17	 1.82	 0.03	 0.18	 3.03	 6.30	 0.70	 0.43

Mean	 69.3	 1.31	 0.17	 0.21	 0.20	 1.68	 0.03	 0.18	 2.91	 6.39	 0.72	 0.45



Table 6. Total IVDMD yield, oil yield, and calcium, phosphorus, magnesium, potassium, sodium, chlorine uptake, and lignin and ash yield, and total nitrogen uptake for the
corn silage varieties planted in a commercial field near Gateway on May 26 and at COARC, Madras, OR on May 18.

Nitrogen
Variety
	 IVDMD	 Oil	 Calcium Phosphorus Magnesium Potassium Sodium Chlorine Lignin 	 Ash	 Uptake

(tons/acre) 	  lb/a
Madras, OR

Croplan 345	 5.15	 171.6	 21.8	 28.1	 29.6	 234.0	 9.4	 20.3	 477.4	 867.4	 173.2
Geertson GSX1000ND	 5.19	 156.6	 28.9	 30.4	 25.8	 269.0	 4.6	 16.7	 442.3	 1050.3	 181.2
Croplan 298	 5.16	 109.2	 34.3	 23.4	 21.8	 326.0	 4.7	 15.6	 558.5	 1021.8	 142.0
Geertson 998	 6.28	 165.6	 28.8	 30.6	 28.8	 327.6	 5.4	 14.4	 475.2	 1146.6	 211.1
Geertson 1049	 5.15	 174.0	 25.5	 40.5	 24.0	 273.0	 9.0	 15.0	 435.0	 892.5	 183.8
UAP DG5345RR	 5.41	 127.9	 31.2	 34.3	 29.6	 232.4	 6.2	 12.5	 432.1	 1184.0	 172.0

Mean
	

5.39	 150.8	 28.4	 31.2	 26.6	 277.0	 6.6	 15.8	 470.1	 1027.1	 177.2

Gateway, OR
Croplan 345	 5.27	 202.8	 29.6	 29.6	 35.9	 221.5	 3.1	 29.6	 463.3	 968.8	 222.9
Croplan 298	 5.63	 269.0	 22.8	 33.4	 28.9	 246.2	 4.6	 30.4	 342.0	 910.5	 212.6
Geertson GS 1049	 6.02	 221.0	 28.9	 35.7	 28.9	 299.2	 5.1	 23.8	 481.1	 999.6	 262.5
UAP DG5345RR	 5.12	 184.5	 27.0	 33.0	 31.5	 214.5	 6.0	 22.5	 454.4	 1045.5	 210.2
Geertson GS 998	 6.08	 187.7	 33.1	 35.0	 33.1	 377.2	 5.5	 38.6	 612.2	 1288.0	 239.1
Geertson GSX1000ND	 5.59	 203.4	 27.9	 39.4	 27.9	 298.5	 4.9	 29.5	 496.9	 1033.2	 240.1

Mean	 5.62	 211.4	 28.2	 34.4	 31.0	 276.2	 4.9	 29.1	 478.0	 1049.9	 231.2



PRELIMINARY WORK WITH MEDICINAL HERBS

Rhonda Baths, Peter Sexton, Karen Tanino, Branka Barl, and Kristine Krieger

Introduction

The medicinal market in the United States is estimated at three billion dollars each year
(Sturdivant and Blakley, 1999). The objective of this study was to collect information pertaining
to production and quality based on environmental influences of several medicinal herbs by
growing them at various locations. The following herbs were established in 1999 and harvested
in their second year of production in 2000: valerian (Valeriana officinalis), catnip (Nepeta
cateria), and angelica (Angelica archangelica). The following herbs were established in 2000
and harvested in their first year of production: calendula (Calendula officinalis), Echinacea
(Echinacea angustifolia), burdock (Actium lappa), and Angelica sinensis (Dong Quai).

Materials and Methods

Valerian, catnip and angelica overwintered well and began producing growth early in the spring
of 2000. Calendula, burdock, Echinacea, and Dong Quai seeds were obtained from the
University of Saskatchewan, Saskatoon, and grown during the spring in the greenhouse and
fertilized weekly using 15-30-15. Seven to 10 days before transplanting, plants were moved
outside during the day to begin hardening. Calendula was transplanted on May 9, 2000 and
burdock and echinacea were transplanted on May 25. Immediately after transplanting, plants
were covered by a protective cone to provide shade during the first 2 days. Some plants did not
survive the transplanting and were direct seeded and mulched. The herbs grown at Madras were
arranged in 6 row plots with 3-ft row spacing and 30-ft rows. Calendula flowers were harvested
from 20 ft/per plot each week after June 30, when flowers first began to appear. Flower heads
were harvested in the morning, air-dried, oven-dried, and weighed. The top half of 10 catnip
plants containing the flowering buds were harvested from each plot on July 31, air-dried, and
weighed. All plants were mowed to 6 inches on November 3 using a rotary mower. Ten plants
per replication of valerian root and angelica were removed for evaluation as well as four plants
per replication of Echinacea and burdock. Roots were washed to remove soil, air-dried, oven
dried, and weighed. All dry plant samples were shipped to the University of Saskatchewan for
analysis of active ingredient. Analytical results for the 2000 crop are still in progress.

Results

All transplants except the dong quai survived and began immediately to put on top growth.
Echinacea plants remained small but eventually began to flower on October 15. Calendula
flowers were healthy and produced, on the average, 65 flowers per plot each week, considerably
fewer than last year. High temperatures in August accelerated rate of flower maturity, so
harvests were taken twice weekly during that period. Blister beetles damaged flower petals for a
2-week period in July. To control blister beetles, diazinon was applied to border areas following
flower harvest. Valerian, angelica, and catnip produced abundant foliage and began regrowth in
early spring. Average height of these plants was 65 cm during peak growth. Overall, all plants
looked healthy and produced adequate foliage throughout the growing season.
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Table L Yield of medicinal plants grown at COARC
facilities in 2000. Catnip values are air-dried samples.
All other plants were oven-dried after air-drying.

Herb	 Dry Weight
(lb/a)

Calendula	 60
Catnip	 1,049
Echinacea angustifolia root	 192
Burdock root	 766
Valerian root	 538
Angelica archangelica root	 727

Literature Cited

Sturdivant, L., and T. Blakley. 1999. The bootstrap guide to medicinal herbs in the garden,
field, and marketplace. San Juan Naturals, Friday Harbor, WA.
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PRELIMINARY WORK WITH THE USE OF FIRE TO BREAK SEED DORMANCY IN
NATIVE RANGE GRASSES

Peter Sexton, Rhonda Bafus, and Robert Pawelek

Introduction

Seed dormancy may be caused by several factors, including seed coats that limit movement of
moisture and or oxygen into the seed, inhibitors that block the germination process, and
immature seed that must develop further (after-ripen) before it can germinate. It may be that the
seed is designed to survive passage through the digestive tract of some animal, or to age for a
long period (overwinter, or over several years), or to be exposed to the effects of fire, before
germinating (Copeland and McDonald 1985). Recent work with fire effects on germination have
shown increased germination in response to trace gases in smoke, burned soil, and aqueous
smoke extracts among several plant species native to areas where fires are part of the ecosystem
(e.g., Brown and van Staden 1997, Keeley and Fotheringham 1998). However, overexposure of
seed to smoke also can inhibit germination (Brown et al. 1993). Blank and Young (1998)
reported enhanced germination of Indian ricegrass and increased rate of leaf expansion in Great
Basin wildrye exposed to smoke in a laboratory environment.

Trials conducted in 1999 at the Madras station and at Warm Springs (Sexton et al. 2000)
suggested that field burning occurring after the first postplanting irrigation would promote
germination of Great Basin wildrye, Indian ricegrass, and needle-and-thread grass. From these
trials it also appeared that an ethylene seed treatment had a positive effect on germination of
Indian Ricegrass independent of the burn effect. Kentucky bluegrass straw was used as a fuel for
the 1999 burn studies and the plots contained a very high number of volunteer bluegrass
seedlings, which made counting the desired grasses difficult and contributed to large variation in
the data. For this reason the trial was repeated in 2000 using wheat straw rather than bluegrass
straw. In the follow-up trial, Idaho fescue replaced Needle-and-thread grass, and a treatment
where the seed was exposed to smoke before planting was added to the study. Also a
preliminary trial was run where dry seeds were exposed to smoke before from three different
fuels to see how smoke from different plant materials would differ in effect on germination
enhancement.

Methods

Exposure of seed to smoke
In order to test the efficacy of exposing seed to smoke to promote germination, seeds of Great
Basin wildrye and Indian ricegrass were counted out into seedlots of 50 seeds each and subjected
to different smoke treatments. A commercial meat/fish smoker (model "Little Chief' Home-
Smoker, Luhr-Jensen Inc.) was used to generate smoke from different air-dry plant fuels with the
seed placed on a screen at the top of the smoker. Temperature at the point of seed placement was
monitored with a data logger (Hobo data logger, Onset Computer Corp., Bourne, MA) and
ranged from 86 to 90°F. Three different fuels tested were:

1. wheat straw at 0.5, 1.0, 2.0, and 4.0 minutes exposure to smoke;
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2. alfalfa hay at 0.5, 1.0, 2.0, and 4.0 minutes exposure to smoke;
3. sage collected from nearby range sites at 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, and 32.0

minutes exposure to smoke.

There were four replicates for each treatment. After the above treatments, the various seedlots,
along with an untreated control seedlot, were placed on moist blotter paper in germination trays
and put in a germination chamber set at day/night temperatures of 20/10° C. Germination counts
were made at 7, 11, 15, 18, 22, 25, and 32 days later. In addition to germination percent, a
coefficient of germination speed was calculated (Young and Evans 1977 using the following
equation.

Coefficient of germination speed =
n
 Eagn-go,..1)]/n)

Where gn is the accumulated germination on a given day minus the germination percentage of
the previous day divided by the total number of incubation days. Data on germination percent
were square-root transformed prior to statistical analysis. In order to keep the treatments
balanced, the 8-16- and 32-minute exposures for sage were excluded in the analysis of variance,
although the means are reported in the table for the reader's information. Initial analysis was
conducted as a factorial with both fuel and time of exposure included as main effects. Since
there was no interaction of fuel by time, in order to simplify the analysis, the data were
reanalyzed with time removed to allow a direct comparison of the fuels used.

Field burning experiment
Seeds of Great Basin wildrye, Indian ricegrass, and Idaho fescue were planted at seeding rates of
45, 90, and 45 seeds/row ft., respectively, on 6 June 2000. Planting depth was 0.25 inches with a
row spacing of two feet using a four-row cone planter (Almaco Inc., Nevada, IA). Single row
plots, 40 feet long, were used for the experiment. Plots were irrigated with 0.5 inch of water the
day after planting and were kept moist for 2 wks after planting.

Two different seed treatments were tested under five different field burning regimes in a factorial
design for a total of 15 treatments for each of the three grasses. Seed treatments were:

1. control-no seed treatment;
2. smoke-exposure to wheat straw smoke for 1.0 minutes;
3. ethephon-1 mM.

The ethephon treatment was imposed by placing seed in a beaker and adding a solution of 1 mM
ethephon sufficient to cover the seed, immediately removing the seed, and allowing seed to dry
overnight before planting the next day. Burn treatments were as follows:

1. control (no burn);
2. burn before planting;
3. burn after planting, before irrigating;
4. burn after first irrigation;
5. propane flame after first irrigation.
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Burn treatments were imposed using wheat straw that was evenly spread (approximately 5.4
kg/plot) over the plot and ignited using a propane torch. Propane flaming was done with a hand-
held propane torch held 1.5 inches over the row at a slow walking speed. Plots consisted of nine
rows 40-ft-long. Burn treatments were imposed on 8 ft. strips of row. The trial was laid out in a
randomized complete block design with four replications at the Madras experiment station.
Emergence counts were made by hand along 3 ft. of row within each plot at 24 days after
planting. Data for each grass were subjected to analysis of variance using the PROC GLM
procedure in the SAS statistical package (SAS Institute, Cary, NC).

Results and Discussion

Smoke treatments using different fuels and times of exposure
Germination of Great Basin wildrye was not significantly affected by any of the smoke
treatments (Tables 1 and 2). Germination was fairly high for all the treatments (mean of 68
percent), and there were no apparent trends favoring any of the three fuels, nor did time of
exposure affect germination, with the possible exception that long exposure (32 min.) to sage
smoke might have decreased germination (Tables 2 and 3).

Germination, and speed of germination of Indian ricegrass showed a response to smoke
treatment; however, overall germination rates were so low (mean of 3.9 percent) that while of
biological significance on a practical level it has little benefit (Tables 1 and 2, Fig. 1). The
coefficient for speed of germination for seed exposed to sage smoke was almost six-times greater
than for the untreated seed (Table 3). While this is of interest, and may be part of a practical
solution to breaking seed dormancy in Indian ricegrass, by itself it is not enough to be useful. It
remains a matter of conjecture why sage smoke increased speed of germination more than did
wheat straw or alfalfa. Sage is a natural component of rangelands and a competitor of Indian
ricegrass (Clint Jacks, personal communication), whereas wheat and alfalfa are not. It appears
that there must be some unique component(s) of sage smoke that Indian ricegrass is sensitive to.

Effect of field burning
Contrary to last year's results (Sexton et al. 2000), there was little if any benefit from field
burning on germination (Tables 5 and 6). The reason for the discrepancy is unclear. One factor
may be that last year we used kentucky bluegrass hay, whereas this year wheat straw was used as
a fuel. The wheat straw appeared to burn hotter and quicker than did the bluegrass. The
bluegrass would have had a cooler burn, longer exposure time to smoke, and probably smoldered
more-meaning the smoke itself would have had different components. Obviously, the effect of
smoke on germination enhancement needs to be investigated further. The variable results
suggest that fuel, time of exposure, and temperature of bum may all need to be studied and taken
into account before consistent, practical results are obtained.
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Table 1. Analysis of variation table on significance of main effects (fuel and time) and
interactions on germination and coefficient of rate of germination of two native range grasses.

Great Basin wildrye Indian ricegrass

Coefficient of Coefficient of
Source of Variation Germination rate of

germination'
Germination rate of

germination

Fuel NS NS +2 **3

Time NS NS NS +
Fuel by time NS NS NS NS

'Coefficient of rate of germination is the function of speed of germination. See methods for
further detail.
2 A+ indicates statistical significance at the 0.10 level.
3** indicates statistical significance at the 0.01 level.
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Table 2. Germination and coeffient of rate of germination of Great Basin wildrye and Indian
ricegrass to exposure of several fuel sources over time.

Source of
fuel

Length of
exposure

Great Basin Wildrye Indian Ricegrass
Coefficient of

Germination	 rate of
germination'

Coefficient of
Germination	 rate of

germination'
(minutes) (%) (%)

Control 0.0 69.5 7.83 2.0 0.11
Alfalfa 0.5 68.5 7.40 3.5 0.30
Alfalfa 1.0 66.5 7.10 4.5 0.38
Alfalfa 2.0 69.0 7.70 3.5 0.31
Alfalfa 4.0 67.5 7.01 4.5 0.43
Straw 0.5 79.0 8.42 2.0 0.18
Straw 1.0 70.0 7.40 5.5 0.38
Straw 2.0 69.0 7.25 4.5 0.34
Straw 4.0 64.5 6.83 6.5 0.62
Sage 0.5 64.5 7.02 5.5 0.53
Sage 1.0 76.5 8.22 3.5 0.29
Sage 2.0 69.0 7.25 10.0 0.90
Sage 4.0 64.0 6.17 8.5 0.86
Sage 8.02 66.0 6.56 5.0 0.58
Sage 16.02 68.0 7.02 12.0 1.02
Sage 32.02 59.0 6.22 2.5 0.23

Mean 68 7.35 3.9 0.43
LSD (0.10) NS NS NS 0.35
CV (%) 6 15 49 69
` Coefficient of rate of germination is the function of speed of germination. See methods for
further detail.
28-16-and 32-minute exposures were excluded to keep the statistical analysis balanced.



Table 3. Average germination and coefficient of rate of germination of Great Basin wildrye over
0-4 minutes of exposure of fuel.

Grass Fuel source Germination
Coefficient of rate

of germination'

(%)

Great Basin Wildrye Straw 70.6 7.47
Control 69.5 7.83

Sage 68.5 7.16
Alfalfa 67.9 7.30

Mean 68.7 7.35
LSD (0.10) NS NS
CV (%) 6 15
'Coefficient of rate of germination is the function of speed of germination. See methods for
further detail.

Table 4. Average germination and coefficient of rate of germination of Indian ricegrass
over 0-4 minutes of exposure of fuel.

Grass Fuel source Germination
Coefficient of rate of

germination'

(%)

Indian Ricegrass Sage 6.9 a 0.65 a
Straw 4.6 ab 0.38 b

Alfalfa 4.0 b 0.35 b
Control 2.0 b 0.11 b

Mean 3.9 0.43
CV (%) 50 74
'Coefficient of rate of germination is the function of speed of germination. See methods for
further detail.
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Table 5. Analysis of variance table on significance of main effects (burn and seed treatment) and
interactions on emergence of three native range grasses from a field study conducted at Madras,
Oregon.

Source of variation	 Great Basin Wildrye Idaho Fescue 
	 Emergence

Indian Ricegrass         

Burn	 NS	 NS	 2

Seed Treatment 	 NS	 I	 NS
Burn by Seed treatment 	 NS	 NS	 NS
'indicates statistical significance at the 0.05 level.
2indicates statistical significance at the 0.01 level.

Table 6. Emergence of three different native range grasses based on burn treatment applied to
small plots in a field study conducted at Central Oregon Agricultural Research Center, Madras,
Oregon, in the spring of 2000.

Emergence of plants
(no./3 ft. of row)

Treatment
Great Basin

Wildrye Idaho Fescue Indian Ricegrass

Control 31.8 39.3 41.9
Burn before planting 32.4 39.6 32.2
Burn after planting 29.8 29.6 28.1
Burn after first irrigation 26.8 35.4 38.0
Propane flame after first irrigation 27.1 42.3 49.4

Mean 29.6 37.2 37.9
LSD (0.05) NS NS 10.2
CV (%) 32.8 32.5 28.3

Table 7. Emergence of three different native range grasses based on seed treatments
conducted at Central Oregon Agricultural Research Center, Madras, Oregon, 2000.

Treatment

Emergence of plants (no./3 ft.of row)
Great Basin Wildrye

Idaho Fescue Indian Ricegrass

Ethylene 32.7 42.4 35.7
Smoke 29.7 38.8 36.5
Control 26.1 30.5 41.6

Mean 29.6 37.2 37.9
LSD (0.05) NS 8.5 NS
CV (%) 31.6 31.0 33.8
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Figure 1. Germination percentage versus time of exposure to smoke from three different fuels
(alfalfa, wheat straw, and sage) for Indian ricegrass. Dry seed was exposed to smoke in a
commercial smoker for various periods and then germinated under controlled conditions in a
germination cabinet.
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DATE OF PLANTING OBSERVATION STUDY FOR GREAT BASIN WILDRYE,
IDAHO FESCUE, INDIAN RICEGRASS, JUNEGRASS, NEEDLE-AND-THREAD

GRASS, AND SQUIRRELTAIL

Peter Sexton and Rhonda Bafus

Introduction

A requirement for vernalization is a common trait among cool-season perennial grasses. Species
differ in the juvenile period or growth stage/size they must achieve before being sensitive to
vernalization. Seed production of native grasses is relatively new to central Oregon and simple
questions such as optimum planting date remain to be resolved. Farmers in central Oregon plant
Kentucky bluegrass and perennial ryegrass in early fall to obtain a seed harvest the following
year. If farmers could follow this model with native grasses they would not have to go a season
without getting a crop, whereas with a spring planting of a grass that needs vernalization, they
would receive no returns in the first year of growth.

A second issue to be considered is the need for a cold period (stratification) to break seed
dormancy. Late fall planting ("dormant seeding") would place the seed in the ground in the fall
so it would receive the necessary cold treatment to break dormancy over winter and germinate in
the spring.

The objective of this experiment was to observe the effect of fall, late fall/winter, and spring
planting dates on stand establishment and heading in Great Basin wildrye, Idaho Fescue, Indian
ricegrass, junegrass, needle-and-thread grass, and squirreltail.

Materials and Methods

Great Basin wildrye, Idaho fescue, Indian ricegrass, junegrass, needle-and-thread grass, and
squirreltail were planted on three dates: 15 September, 1999; 14 December, 1999; and 20 April,
2000. Planting rate for all five grasses was 25 viable (germinable) seeds/ft of row. Viable seed
was based on germination tests run in our lab. Planting depth was 0.25 in with a row spacing of
2-ft using a four-row cone planter (Almaco Inc., Nevada, IA). Each plot consisted of two 20-ft-
long rows. For fall and spring plantings, plots were irrigated with 0.5 in of water the day after
planting and were kept moist for two weeks after planting using a solid set irrigation system.
There were four replicates for each planting date.

Visual ratings of percent stand and vigor (height and tillering) on a 1 to 10 scale (10 showing the
most vigor) were made on 28 July, 2000. Percent heading in each plot was also evaluated on this
date. All percent values were arc-sine square-root transformed prior to statistical analysis using
the Proc GLM routine of SAS statistical software (SAS Institute, Cary, NC). All data were
analyzed as a randomized complete block design.
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Results and Discussion

In terms of stand establishment, there appeared to be no benefit to fall dormant seeding for any
of the grasses (Table 1). The grass was planted using germination counts to determine seeding
rate. This may have confounded the comparison between planting dates (i.e., low germination
rates were compensated for by increasing seed rate, therefore all the plots had decent stands and
potential benefits with fall dormant seeding were not expressed). However, the trend was for the
dormant seeding to have poorer stands, which suggests that it didn't contribute to stand
establishment in this trial. From these data it appears that a mid-September, or a mid-to-late
April planting date is sufficient to produce a good stand.

In terms of vernalization, Great Basin wildrye, Idaho fescue, and junegrass failed to form many
reproductive tillers, even with a September planting date (Table 1). Apparently the September
planting date did not give the seedlings enough time to grow out of their juvenile stage so that
they would be sensitive to vernalization over the winter. This suggests that a spring planting
date may be more appropriate for these grasses, and might provide enough size by the time
winter comes, allowing vernalization. Indian ricegrass and squirreltail did not require
vernalization in this study; both of these grasses headed out their first year under irrigated
conditions even with an April planting date. Fall-seeded squirreltail did have the advantage of
producing bigger plants before it headed out, whereas the spring-planted squirreltail plants had
less time to grow before heading and were smaller. Fall planting also appeared to provide the
advantage of more uniform heading for squirreltail and Indian ricegrass. In conclusion, it
appears that it would be more economical to spring-plant Great Basin wildrye, Idaho fescue, and
junegrass with the knowledge that the stand wouldn't make a crop the first season. In this trial,
Indian ricegrass and squirreltail set seed their first year whether fall or spring sown, with fall
sowing tending to produce larger plants and more uniform heading (but also more weed control
problems). It should be noted that these plots were kept well watered. Whether or not Indian
ricegrass and squirreltail would set seed as quickly under dry land conditions in central Oregon is
an open question.
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Table 1. Visual evaluation of percent stand, vigor, and percent heading of several native grasses
sown at three different planting dates. Vigor score was given based on plant stature and tillering
on a 1-10 scale with 10 being most vigorous.

Variety Month Stand Vigor Heading
(%) (%)

Great Basin Wildrye September 87.5 a 6.8 a 11 a
December 73.8 c 7.5 a 0 b
April 81.3 b 7.0 a 0b

mean 80.8 7.1 4
CV (%) 4 24 15

Idaho Fescue September 71.3	 a 7.0 a 1 a
December 43.8	 b 5.5 ab 0 a
April 57.5 ab 5.0 b 0 a

mean 57.5 5.8 0.2
CV (%) 13 15 34

Indian Ricegrass September 45.0 ab 6.5 a 75 a
December 27.5	 b 7.5 a 74 a
April 65.0	 a 6.8 a 31 a

mean 45.8 6.9 60
CV (%) 27 30 35

Junegrass September 72.5 a 8.3 a 10 a
December 55.0 a 6.8 a 0 b
April 78.8 a 7.5 a 0 b

mean 68.8 7.5 3.3
CV (%) 22 18 29

Needle and Thread September 57.5 b 5.0 a 0 a
December 57.5 b 5.0 a 0 a
April 73.8 a 5.5 a 0 a

mean 62.9 5.2 0
CV (%) 8 17 0

Squirreltail September 86.0 a 8.0 a 99 a
December 62.5 b 4.0 b 92 a
April 73.8 ab 4.5 ab 44 b

mean 74.1 5.5 78
CV (%) 11 21 15
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SEED YIELD RESPONSE OF ECHINACEA ANGUSTIFOLIA TO APPLIED SULFUR

Peter Sexton and Rhonda Bafus

Introduction

Echinacea angustifolia is a medicinal herb valued for enhancing the immune system (Tyler,
1993). While there is some literature on seed dormancy and cultivation for this species for herb
production (e.g., Baskin et al. 1992, Shalaby et al. 1997), there is no literature that we are aware
of regarding seed yield response to soil fertility. The objective of this study was to evaluate the
seed yield response of Echinacea angustifolia application of sulfur as gypsum.

Methods

Initial available soil sulfur was 20 lbs/acre. Seeds of Echinacea angustifolia were pretreated
with ethephon (1 mM solution), allowed to dry, and planted on 11 May 1999. Sowing rate was
130,680 seeds/acre. Seeds were dropped in rows (2 ft. apart) on the surface by having the shoes
of the planter out of the ground. Immediately following planting the field was rolled
perpendicular to the row direction using a cultipacker. Plots were irrigated as often as required
to keep the seedbed moist until emergence. After emergence, sulfur treatments of 0, 10, 20, 30,
and 40 lbs S/acre were applied. Sulfur was applied as gypsum by hand. Plots consisted of six
rows 20 ft. long. Weeds were controlled by hand. No herbicides and no other fertilizers besides
gypsum were applied. The plots did not set seed the first year. The plots set seed in the second
season and two inner rows from each plot were combined on 24 August 2000 using a
Wintersteiger small plot combine to estimate seed yield. The plots were end-trimmed 2.5 ft.
from each end of the plot ahead of harvest. Harvest samples were allowed to air dry for 2 wks
and then cleaned by hand and weighed. Data was subject to analysis of variance using the PROC
GLM routine of SAS statistical software (SAS Institute, Cary, NC).

Results and Discussion

A large investment in labor was required for weed control, especially in the first year of the study
as the Echinacea angustifolia was very slow to grow and form a canopy. Plant stand at the end
of the second season was 41,000 plants/acre. Seed yield was not responsive to S application
(Table 1). Average yields were close to 100 lb/acre. None of the plots showed deficiency
symptoms. Apparently, in our circumstances, (20 lbs per acre of available S) S fertilization does
not enhance growth or seed yield (Table 1). If anything, there was a trend for seed yield to
decline with applied S. It may be that with application of N, the plants might have required more
S, and a response might have become apparent. In this trial, application of N was avoided to
keep the plots organic, and no response to S addition was observed.

Seed of this species retails at $150-300 per pound; however, we were unable to find a buyer for
our seed. This is an instructive example of the need to have marketing worked out before
investing in production of medicinal herbs.
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Table 1. Response of seed yield to applied sulfur in Echinacea angustifolia grown at Madras,
Oregon. Plots were established and treatments imposed in 1999. Plots set seed and were
harvested in 2000. Full stands had 41,000 plants/acre.

sulfur
(lb/acre) (lb/acre)	 (lb/acre) (heads/acre) (in) (%) (g)

0 103 4540 470900 20.9 84 0.326 0.023
10 105 4890 551650 20.9 85 0.318 0.021
20 99 4620 491100 20.1 85 0.318 0.021
30 89 4000 450750 21.8 80 0.304 0.021
40 90 4560 484350 20.8 89 0.304 0.019

mean 97 4520 489750 20.9 84.4 0.314 0.021
LSD NS NS NS NS NS NS NS
CV (%) 34.0 14 21 10.0 4.0 8 15

100 Seed Harvest
Applied	 Yield Biomass Flowers	 Height Stand indexweight
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VEGETABLE SOYBEAN (EDAMAME) VARIETAL OBSERVATION IN CENTRAL
OREGON

Peter Sexton, Rhonda Bafus, Janet Pang, and Bob Rodgers

Introduction

There is increasing interest in soybeans harvested for green pods as a snack food (edamame) in
the marketplace. Edamame has been grown experimentally in eastern Oregon (Erik Feibert,
Malheur Experiment Station, personal communication), but there is no information in its yield
potential in central Oregon. In order to make a preliminary evaluation of its suitability for
central Oregon, observation plots were set up at the Madras experiment station and at Mr. Bob
Rodgers' farm near Culver. Four edamame varieties were evaluated for yield and samples were
sent to Vitasoy in San Francisco, California, for market evaluation.

Methods

Observation plots of 'Early Hakucho', SE-4', 'White Lion', and `Gion' edamame soybean
varieties were planted on 26 May 2000 at the Bob Rodgers farm and on 13 June at the
experiment station. Plots were four rows wide at both sites and were 40 ft long at the on-farm
site and 20 ft. long at the experiment station. Seeds were planted at a depth of 0.75 inches and at
a rate of 4 seeds per ft. of row with 2 ft. row spacing. All plots were irrigated with a solid set
sprinkler system as necessary to avoid drought stress. Weeds were controlled by pre-emergence
application of alachlor at a rate of 3 qt/acre and by hand-weeding at both sites. The on-farm
plots were sprayed with orthene (1 lb/acre) for thrips on 11 and 19 July. Pod yields were
determined by sampling total biomass from 6 ft. of row from each plot, obtaining fresh weight of
the whole sample, and the subsampling three plants and weighing the subsample. The three-
plant subsamples were then depodded, the pods sorted into marketable and unmarketable classes,
and then weighed. The weight fraction of marketable pods from the subsample was used with
the whole sample fresh weight to estimate marketable pod yield on a per acre basis. Samples
were collected twice weekly from other parts of the plots at the Bob Rodgers' farm for shipment
to Vitasoy for evaluation. For comparison of sample handling, the samples were either, (1)
chilled in ice water and then frozen, (2) blanched in boiling water for one minute and then chilled
in ice water, or (3) just chilled in ice water. These samples were shipped weekly, for four
consecutive weeks, to Vitasoy facilities in San Francisco.

Results and Discussion

`Early Hakucho', 'White Lion', and `Gion' showed good, although slow, emergence. The line
`SE-4' showed poor emergence at both sites. Yields at Bob Rodgers' farm were in the range of
4.5-6 tons per acre total pod weight, and 2.3-3.6 tons/acre marketable pod weight (Table 1).
Total pod yields are similar, although a little lower, than those reported from eastern Oregon
(Feibert et al. 1995), and are consistent with yields obtained from edamame in the Vancouver
area of Washington (Carol Miles, Washington State University extension, personal
communication). Therefore it appears that edamame could be grown in central Oregon with a
reasonable biological yield potential. However, edamame must be frozen or chilled within 24
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hours of harvest, and there are no commercial processing facilities in central Oregon for freezing
vegetables. The plots at the experiment station were planted about 3 weeks after those at Bob
Rodgers, and there were more lodging problems at the station. This resulted in much lower
yields at the station. The data from Bob Rodgers' farm is probably more representative of
production potential for edamame in central Oregon.

Market evaluation of pods indicated that 'White Lion' produced acceptable product either
blanched and frozen or chilled and then frozen (Table 2). However, this evaluation was based on
only one sample date, therefore it must be considered with caution. If a processor could be
found and a linkage made between Vitasoy and the growers, it may be that edamame could be
produced in central Oregon. However, given that the closest processors are in the Willamette
Valley, that is where the production would most likely be located.

Table 1. Edamame pod yields for observation plots grown near Culver (Bob Rodgers' farm) and
at the Madras experiment station in 2000. Plots at Bob Rodgers were harvested on 14
September, and plots at the experiment station were harvested on 20 September.

Variety Total yield
Marketable

yield
Percent

marketable
Bob Rodgers (lb/ac) (lb/acre) (%)

Early Hakucho 12,836 7,226 56
SE-4 628 361 57
White Lion 9,098 5,297 58
Gion 9,681 4,634 48

Madras Station
Early Hakucho 2,697 274 8
Gion 2,665 547 25
SE-4 1,589 865 54
White Lion 2,457 1,474 57
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Table 2. Sensory evaluation results on three different processing treatments of edamame near
Culver, OR, 2000. Sensory evaluation for appearance, flavor, and texture are based on a 1-10
scale with 1=unacceptable and 10= excellent.

White Lion M92-237 Korada
Early

Hakucho R0725CH
Process

Chilled and Freeze
Appearance 8.25 5.75 6.00
Flavor 8.00 7.50 7.50
Texture 7.50 7.25 7.50
Overall 7.75 6.00 6.50

Blanch and Freeze
Appearance 6.50 5.50 5.25
Flavor 7.75 6.50 7.50
Texture 7.75 7.50 7.50
Overall 7.00 6.00 5.50

Chill, No freeze
Appearance 8.50 6.00 6.00 6.50 6.00
Flavor 7.75 7.50 7.00 8.00 8.00
Texture 7.75 7.50 7.50 8.00 8.00
Overall 7.75 6.25 6.25 6.75 6.25

-148 -



2000 SOYBEAN VARIETY TRIAL AT MADRAS

Peter Sexton, Rhonda Bafus, and Clinton Shock

Introduction

Food-quality soybeans may represent a possible alternative crop for farmers in central Oregon.
Traits of interest are large seed-size, clear hilum, lack of genetic engineering, and early maturity.
Also of importance for making tempch is ease of dehulling. Results from last year's variety trial
were promising, with better lines yielding about 40 bushels per acre (Sexton et al. 2000). These
yields were consistent with computer simulation studies for soybean production in central
Oregon using the CROPGRO model (Sexton and Farris 1999). In a continuation of this effort,
another variety trial was conducted in 2000 to further explore the possibility of soybean
production in central Oregon.

Methods

Ammonium sulfate was applied at a rate of 225 lb per acre and tilled in ahead of planting.
Soybeans were planted on May 23, 2000 at a rate of nine seeds per ft. of row using an Almaco
small-plot cone planter (Almaco, Nevada, IA). Plots were four rows wide and 20 ft. long and
were laid out in a randomized complete block design with four replications. Six experimental
lines from the Malheur Experiment Station's program, and five production varieties from the
upper Midwest were included in the trial. The experimental lines were M92-225, M92-330,
M92-237, M92-085, M92-350, and M92-314. The production lines were `Agassiz', 'Glacier',
`Lena', `Korada', and `R0752CH'. Liquid inoculant (Nitragin Cell-Tech 2000, LiphaTech Inc.,
Milwaukee, WI) was applied in the row at planting. Weeds were controlled with alachlor
applied pre-emergence at a rate of 2.75 qt/acre, and with hand-weeding later in the season.
There was a killing frost on September 23. Plots were rated for maturity on September 28
according to Fehr and Caviness (1979). The plots were end-trimmed, removing 2.5 ft. from each
end of the plot ahead of harvest.

Due to wet weather the plots were not combined until October 18, 2000. The middle two rows
of each plot were combined for determination of seed yield.

Results and Discussion

The stands lodged and yields were much poorer this year than last (average yield of 35.9 bu/acre
in 1999 versus 21.1 bu/acre in 2000) (Table 1). Seed samples were sent to several companies
and are still being evaluated at the time of this writing. One company has indicated they would
be willing to contract `Korada' soybean for making tempeh on a small pilot basis. Estimated
cost of production for conventional soybeans is about $430 an acre (Table 2). For a 40 bushel
yield the breakeven price would be close to $11 per bushel.
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Table 1. Seed yield, lodging and maturity for 11 soybean lines
grown at Madras Oregon in 2000. Lodging is based on a 1 to 5
scale (1 being upright and 5 being completely lodged). Maturity

ratings are those of Fehr and Caviness (1979) where 7.0 is
physiological maturity and 8.0 is harvest maturity. Maturity and
lodging ratings were made on September 28. There was a killing
frost on September 23.

Variety Yield Lodge Maturity
(bu/acre)

R0725CH 30.8 4.1 6.8
Lena 27.6 4.1 6.7
M92-350 23.9 2.6 7.1
Korada 21.8 1.4 7.0
M92-225 21.1 2.1 6.9
M92-237 20.1 2.1 6.6
M92-330 19.0 2.5 6.7
Agassiz 18.7 2.3 6.6
M92-085 18.5 2.9 6.6
M92-314 18.3 1.4 6.9
Glacier 12.7 3.8 6.5

Mean 21.1 2.7 6.7
LSD (0.05) 9.1 0.9 0.2
CV (%) 29.9 23.6 2.5
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Table 2. Estimated cost of production for conventional grain soybean in central Oregon.
Variable Costs: cost per acre

$
Your cost

Tillage conventional 6.10

Seed 60 lb/acre 18.00

Fertilizer 35-30-30-20 35.50

Herbicide Lasso 30.00

Combine 6.00

Hauling/Handling 1.85

Labor other than irrigation 20.00

Irrigation -- water 24 inches 40.00

Irrigation --
repair/electricity

10.00

Irrigation -- labor $6/acre per run 60.00

Interest (10% for 8 months) 14.23

Fixed Costs:

Land rent 100.00

Machinery 29.48

Irrigation interest and
depreciation

40.00

Insurance 2.59

Property tax 15.00

subtotal -- variable 241.68

subtotal -- fixed 187.07

Total Costs 428.75

Total cost/bushel with a 40 bu/acre yield 10.72
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EVALUATION OF FOLIAR-APPLIED NUTRIENTS TO SEED CARROTS, 2000

Marvin Butler, Evan Thomas, Bruce Martens, Jim Carroll, and John McKenzie

Abstract

Foliar nutrients were applied to seed carrots near Culver, Oregon at the beginning of seed set.
Treatments including N, P, K alone and in combination with micronutrients were compared to
untreated plots. The remainder of the field was divided into commercial-sized plots comparing
the combination treatment with the untreated. There were no differences between treatments in
the replicated plots. The commercial-sized plots suggested a potential reduction in yield from
foliar-applied nutrients at the beginning of seed set.

Introduction

There is grower and industry interest in determining the effect of foliar-applied nutrient to seed
carrots in central Oregon. The objective of this project was to compare the effect on seed yield of
foliar nutrients applied just prior to seed set. Treatments included macronutrients (N, P, K), a
combination of macro and micronutrients (B, Cu, Fe, Mn, Mo, Zn), and untreated plots.

Methods and Materials

Plots 2 rows x 10 ft were replicated four times in a randomized complete block design in a
commercial seed carrot field near Culver, Oregon. The macronutrient treatment was a 3-18-18
formulation applied at 1.67 gal/acre. The combination macro and micronutrient treatment was a
combination of 6-21-2 applied at 1 gal/acre and 20-20-20 with 0.02% B, 0.05% Cu, 0.10% Fe,
0.05% Mn, 0.0005% Mo and 0.05% Zn applied at 5 lb/acre. Because the two treatments had
different formulations, the amounts of phosphorus was equalized at 8.8 lb/acre for both
treatments while the macronutrient formulation had 1.5 lb/acre N and 8.8 lb/acre K compared to
the combination treatment with 3.2 lb/acre N and 1.7 lb/acre K. Treatments were applied June
27 when bees were introduced into the field to at the begining pollination and seed set. A CO 2

-pressurized, hand-held boom sprayer was used at 40 psi and with 20 gal/acre water.

The outside row of each plot was harvested September 21 by digging the plants, placing them in
large canvas bags, and hanging the bags in an open-sided shed at the COARC to complete
drying. Heads were then removed from the plants by hand and the seed cleaned using standard
procedures at the National Forage Seed Production Research Center seed-conditioning lab in
Corvallis, Oregon. In addition to seed yield, percent germination and weight per thousand seeds
was determined. The grower cooperator applied the combination treatment of both macro and
micronutrients to one-third (16 acres) of the field, leaving two thirds (34 acres) of the field
untreated. The two large plots were combined separately and the seed cleaned separately to
determine yield/acre on a commercial-sized scale.
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Results and Discussion

There were no differences between plots treated with macronutrients, a combination of macro
and micronutrients, and untreated plots (Table 1). There were no differences in weight per 1,000
seeds or percent germination between treatments. Unreplicated commercial-sized plots suggest a
potential reduction in yield from foliar-applied nutrients at the beginning of seed set.

Table 1. Effect of foliar-applied nutrients to seed carrots near Culver, Oregon, 2000.
Replicated small plots Field plots

1,000 Seed Percent
Treatments Yield (lb/acre) Wt (g) germination Yield (lb/a)

Macronutrients 330 1.81 93

Macro + Micronutrients 323 1.87 91 395

Untreated 294 1.91 95 515

NS' NS NS
' Mean separation with Student-Newman-Keuls P 0.05.
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DRIP IRRIGATION OF SEED ONIONS IN CENTRAL OREGON:
PRELIMINARY DATA ON THE EFFECT OF TAPE PLACEMENT

Peter Sexton, Claudia Campbell, Fred Crowe, and Clint Shock.

Introduction

Scape blight disease caused by the fungus Botrytis allii can be a serious problem in onion seed
production, sometimes causing complete stand loss. Drip irrigation may have potential to
decrease disease pressure while also decreasing water and fertilizer requirements. While there is
some information published on drip irrigation of bulb onions, information for drip irrigation of
seed onions is scarce. The objective of this experiment was to observe the effect of drip tape
placement on disease incidence and yield of seed onion. Placing tape deeper in the soil may
decrease soil moisture at the soil surface and so decrease the potential for infection of the shoots,
but on the other hand if the tape is too deep it might not feed the roots of the plants efficiently.
This is a work in progress, so only a brief preliminary report will be given here.

Materials and Methods

Hybrid seed onions were planted in 2 ft. rows on July 30, 1999. Two rows of female lines were
alternated with two rows of male lines. Plots consisted of four rows (inner two rows female and
outer two rows male). Treatments consisted of drip tape (Rainbird, R-095132-65-25, delivers
0.25 gal/min/100 ft.) shanked in at depths of 8, 4, and 2 inches before planting, along with a
surface placement after planting. The trial was laid out as a randomized complete block design
with four replications. All plots were sprinkled up using a solid set sprinkler system. After
emergence, the irrigation pipe was removed and the plots were irrigated on an 8-hour set
whenever average soil water potential was greater than -45 kPa within a given replicate (all plots
within a replicate were watered together whenever the replicate average was within 10 percent of
the -45 kPa). Soil water potential was tracked using granular matrix sensors (one per plot, placed
in the row 6 inches deep) measured three times weekly and averaged across plots for each
replication to guide irrigation. A parallel plot of sprinkle irrigated onions was maintained to
provide a preliminary comparison of yield under drip versus sprinkle irrigation. Weeds were
controlled by a combination of herbicides and hand weeding.

Seed yield was determined by hand harvesting 20 ft. of row from the female plots on August 25,
2000. Seed heads were placed in burlap bags, allowed to air dry, and threshed in a stationary
thresher. The seed was cleaned and purity analysis conducted to provide an estimate of seed
yield. Sprinkle versus drip yields were compared by averaging the values for each replicate from
the drip plot, and comparing these values to those of parallel sprinkle irrigated plots using a t-
test.
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Results and Discussion

Disease incidence was not severe in this season, and there were no statistically significant
differences between drip and sprinkle irrigated plots in Botrytis incidence (Table 1). Drip plots
tended to have less weed growth than did sprinkle plots. Weeds were controlled by hand-
weeding after the measurements of weed number and biomass were taken. Weed control was
effective as total plant biomass at flowering of the onion crop tended to be greater in the sprinkle
than in the drip plots (Fig. 1). Biomass tended to decrease as tape depth increased (Fig. 1). The
drip plots developed some N and K deficiencies in June, which were corrected with application
of nutrients through the drip system. The drip plots developed symptoms of basal rot in June, so
irrigation time was decreased from 8 to 4 hours/set.

Seed yield was greater in the drip plots than in the sprinkle plots (Table 1 and Fig. 2). Within the
drip plots there was a trend for seed yield to be greatest at a tape depth of 4 inches. There were
no differences in number of umbels per acre between the various treatments (data not shown),
nor were there differences in weight per seed (Fig. 2). Thus it appears that differences in seed
yield were primarily a function of seed set, with the number of seeds per umbel being greatest at
a tape depth of 4 inches, and least in the sprinkle plots.

Table 1. Average yield, disease, and weed incidence in side-by-side drip and sprinkle irrigated
seed onions. Means were compared using a paired t-test.

Variable Drip value Sprinkle value Probability > It)

Seed yield (kg/ha') 805 291 0.009

Seeds per umbel 195 72 0.007

Botrytis -- lower plant 36.4 22.2 0.102

Botyrtis -- upper plant 4.3 6.8 0.125

Weed dry mass (kg/ha-1 ) 37 286 0.062
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CENTRAL OREGON 1995 IRRIGATED ALFALFA VARIETY TRIAL
1996-1999 RESULTS

Mylen Bohle and Rhonda Bafus

Introduction

Alfalfa is an important crop for central and eastern Oregon. The 1997 Agriculture Census
(producer response) reported that there were 38,000 acres of pure alfalfa grown in the tri-counties
of Crook (14,000 acres), Deschutes (13,000 acres), and Jefferson (11,000 acres). Other counties
rely on the variety trials in central and eastern Oregon as well. The crop has grown to be an
even more important cash crop over the years. It is an important crop for crop rotation to break
up disease and insect cycles, as well as provide nitrogen for subsequent crops. Alfalfa has the
ability to fix its own nitrogen, which also makes it a lower input crop to grow. The alfalfa yield
trials continue to be utilized by the sponsoring seed companies, local seed suppliers and crop
fieldmen, and producers.

Materials and Methods

Twenty-five alfalfa cultivars were planted at the Central Oregon Agricultural Research Center
(COARC) at the Powell Butte site on August 18, 1995. The Powell Butte site is located 7 miles
west of Prineville or 11 miles east of Redmond. The elevation is 3,180 ft. No soil test was taken
prior to establishing the trial (for this site), as the trial location to be planted was changed "at the
last minute." Many days were spent picking up rocks both mechanically and by hand to clear the
site. Fertilizer and lime (1 ton of 99 score) was applied and tilled in prior to planting (total
fertilizer program is in Table 1.). The trial area was sampled after establishment in the spring of
1996 and the results are presented in Table 2. The trial was sampled and tested again in 1998
(Table 2)

Table 1. Fertilizer program for the 1995 established alfalfa variety trial at COARC, Powell
Butte, Oregon.
Date applied Nitrogen

(lb/acre)
Phosphorus
(lb/acre)

- Potassium
(lb/acre)

Sulfur
(lb/acre)

Boron
(lb/acre)

8/15/1995' 40 50 200 100 --
1996 -- -- -- --
3/18/1997 -- -- -- 46 --
6/24/1997 -- 87 346 92 7.5
3/25/1998 -- -- -- 64 --
3/11/1999 -- -- 71 22 --
One ton of lime per acre was applied within a couple of days of that date.
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Table 2. Soil test results (0-10 inches) or the 1995 established alfalfa variety trial at COARC, Powell Butte, Oregon, sampled in May of 1996.
Date

Sampled
Soil
Dept

h

PH SMP
PH

P
(ppm)

K
(ppm)

Ca
(meq/100g

Mg
(meq/100g)

Na
(meq/100g)

B
(ppm)

Zn
(ppm)

Mn
(ppm)

April, 1996 0-10 6.8 66 359 15.3 5.4 0.25 0.6
April 1998 0-10 6.6 7.0 33 207 13.6 4.8 0.23 1.0 104 9.8

The trial was laid out in a randomized block design with four replications. Eighteen pounds per acre of inoculated seed were planted with a
small plot cone type drill with nine rows, 6- in row spacing. Plot size is 5 ft. x 20 ft., while harvested area is 3.5 ft. x 15 ft. The trial was solid-
set, sprinkler irrigated with a 30 ft. x 40 ft. spacing, as needed.

Weed control for the establishment year included preplant 2 lb/acre ai Eptam and 1.12 lb/acre ai Balan on August 15, 1995. Pursuit at 4 oz/acre,
Poast at 1 quart/acre, and 1 quart of crop oil/acre were applied on September 15, 1995 postemergence. Second-year weed control included Kerb
(2 lb ai/acre) applied on February 27, 1997, and Gramoxone (0.5 lb ai/acre) and Velpar (0.5 lb ai/acre) applied on March 4, 1997. For third-year
weed control, Velpar (0.5 lb ai/acre) and Gramoxone (0.5 lb ai/acre) were applied on March 17, 1998. The application was made on a cold and
frosty morning. The farm crew should have waited to apply until the day warmed up, but did not, therefore stunting the alfalfa. Final-year weed
control treatment applied was Sencor (0.75 lb ai/acre), Gramoxone (0.5 lb ai/acre), and a nonionic surfactant (.005 percent of application) applied
on March 9, 1999. Weed control was excellent every year.

Rodent control was handled with applications of zinc phosphide to control the vole population from 1997 to 1999. The voles showed up during
the winter of 1996-1997. Gophers were controlled with "Black Hole" traps. Plant height was measured only on the first cutting of the first year.
Stand rating was based on a subjective visual score of 1 (poor) to 5 (excellent) in the fall of the establishment year of 1995.

The alfalfa was harvested with a sickle bar forage plot harvester, and fresh wet yield was weighed directly in the field. Moisture samples (0.5 lb)
were taken for each plot, and dried at 145°. Yields are presented on an oven-dry, dry matter basis. MSTATC statistical software program
(Michigan State University) was used for analysis of variance and results are reported using Protected Least Significant Difference (PLSD) for
mean separation at the P = 0.10 and 0.05 probability level.

The participating seed companies, fall dormancy, and pest ratings for the varieties planted in the trial are listed in Table 3. These companies are
gratefully acknowledged for their partial funding of this trial.
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Results and Discussion

The individual cuttings and annual yield results for 1996, 1997, 1998, and 1999 are in Tables 4,
5, 6, and 7. The annual yield, cumulative yields, total 4-year yield, and percent of mean data are
in Table 8.

There was a difference of 3.9 ton/per acre for the 4-year total between the top and bottom
yielding variety or approximately 1 ton average per acre between the best and least yielding
variety per year. There were no significant differences between the top 10 yielding varieties for
the 4 year, total yield (Table 8). Of the top 10 varieties for the final accumulated total yield (P =
0.10), seven started out in the top 10 the first year. Vernal and Ranger started out ranked in the
top 10 the first year; in fact, Vernal was ranked no. 1 at the end of the first year. Of the top 10
finishers, eight varieties were ranked in the top 10 the fourth year, with one variety ranked no. 11
the last year. Interestingly, the only fall dormancy 5 variety, Winema, ranked last for 4-year,
cumulative yield total. Winema started out ranked second to last the first year.

From the beginning, Vernal has been a top-yielding variety in the trial, in fact both Vernal and
Ranger have yielded very well in this trial. Vernal, in recent central Oregon alfalfa variety trials,
has not yielded this high in the rankings, and has consistently been ranked near the bottom of
previous variety trials. There is enough doubt about the yield for Vernal, that Vernal was
probably mistaken for another variety. The Klamath Experiment Station (south-central Oregon)
alfalfa variety trial results for 1997-1999 had Vernal ranked no. 4. Both trials were planted with
the same Vernal seed source. In the past, the comparison has been if you grew Vernal, you would
give up 1 ton of dry matter yield every year

There have been numerous other problems with the trial as well: the trial was planted on a site
that had a large amount of excavated soil from an irrigation pond applied to the field in 1994,
which may have reduced the incidence of disease pressure (the excavated pond soil was under
water for 6 months each year. In 1998, the irrigation over-flow ditch plugged, and flooded water
across the trial and affected most, but not all of, replications 3 and 4. The plant stand was
affected and so was the yield. During the first 3 years, the third cutting yields were reduced
dramatically because of cattle breaking through the perimeter fence of the experiment station,
and along with deer browsing, caused extensive reduction in yield. In the fourth and final year,
portable electric fence kept deer and cattle out of the plots, but then marmots ("rock chucks")
moved in from a neighboring farm irrigation pond and grazed on the alfalfa.

The yield results for the varieties should be utilized to help producers make a better decision
about the best variety to grow for their operation. But even more importantly, it is even more
important to use the fall dormancy and pest ratings for the varieties to help make a better
decision in selection of the best variety to grow in a particular field.
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Table 3. 1995 irrigated alfalfa variety trial entries fall dormancy and pest ratings, Central Oregon Agricultural Research Center, Powell Butte
site.

Variety FD Bw	 Vw	 Fw	 An	 PRR SAA PA BAA SN APH SRKN NRKN Total Disease Insect
Score	 Score	 Score

Company

Rushmore 4 52	 4	 5	 5	 5 5 4 1 1 5 1 1 42 29 13 Northrup King
Aspen 4 5	 4	 5	 5	 5 5 5 1 4 4 1 4 48 28 20 SeedTec International
Innovator + Z 3 5	 5	 5	 5	 5 3 4 1 4 4 1 1 43 29 14 ABI Alfalfa
Affinity + Z 4 5	 5	 5	 5	 5 1 4 1 4 4 1 1 41 29 12 ABI Alfalfa
WL 252HQ 2 5	 4	 5	 5	 5 3 4 2 4 2 1 1 41 26 15 W-L Research
WL 323 4 5	 4	 5	 5	 5 3 4 1 5 4 1 1 43 28 15 W-L Research
DK 127 3 5	 4	 4	 5	 5 5 5 3 4 5 1 4 50 28 22 Dekalb Genetics
5364 4 4	 3	 4	 3	 3 5 5 1 4 1 1 1 35 18 17 Pioneer Hi-Bred Intl.
5246 3 5	 4	 5	 5	 5 4 4 1 3 3 1 1 41 27 14 Pioneer Hi-Bred Intl.
Extend 4 5	 4	 4	 5	 5 1 5 1 4 4 1 4 43 27 16 Grassland West
Treasure 3 5	 4	 5	 5	 4 3 4 1 3 1 1 1 37 24 13 Clark Seed
Webfoot MPR 4 5	 5	 5	 5	 5 1 4 1 1 4 1 1 38 29 9 Great lakes Hybrids
Magnum IV 4 5	 4	 5	 4	 5 3 1 3 4 3 1 3 41 26 15 Dairyland
Oneida VR 3 4	 5	 5	 3	 3 1 1 1 1 1 1 1 27 21 6 Public
Vernal 2 4	 1	 3	 1	 1 1 1 1 1 1 1 3 19 11 8 Public
Vernema 4 3	 3	 1	 2	 2 3 1 1 5 1 1 1 24 12 12 Public
Winema 5 3	 2	 5	 1	 1 4 1 1 4 1 1 1 25 13 12 Public
Ranger 3 2	 1	 3	 1	 1 1 1 1 1 1 1 1 15 9 6 Public
Haygrazer 4 5	 4	 5	 4	 4 4 4 1 4 3 3 1 42 25 17 Great Plains
Wrangler 2 4	 2	 4	 2	 5 5 5 1 1 1 1 1 32 18 14 Public
IL 8-3 Experimental branch root type University of Illinois
IL 9C-1 Experimental branch root type University of Illinois
IL 87-3 Experimental branch root type University of Illinois
Ultra 3 4	 4	 5	 5	 4 2 4 1 4 1 1 1 36 23 13 SeedTec
International
Blazer XL 3 4	 4	 5	 5	 5 5 4 1 4 4 1 1 43 27 16 Cenex/Land O'Lakes

'FD = Fall Dormancy, Bw = Bacterial wilt, Vw = Verticillium wilt, Fw = Fusarium wilt, An = Anthracnose race 1, PRR = Phytophthora root rot, SAA = Spotted pea Aphid, P
= Pea aphid, BAA = Blue alfalfa aphid, SN = Stem nematode, APH = Aphanomyces root rot race 1, SRKN = Southern root knot nematode, NRKN = Northern root knot
Nematode.
'Pest Resistance Ratings (RP = Resistant Plants): 1 = Susceptible (S) 0-5% RP; 2 = Low resistance, 6-14% RP; 3 = Moderate resistance, 15-30% RP; 4 = Resistance, 31-50%
RP; 5 = High Resistance, >50% RP. A pest resistance of 1 or susceptible (5) means just that, or the variety was not adequately tested to determine resistance.



Table 4. 1996 yield results, plant height for first cutting, and stand rating in October, 1995, for the 1995
irrigated alfalfa variety trial planted on August 18, 1995 at the Central Oregon Agricultural Research Cente
Powell Butte, Oregon.

Variety
1st cut
yield i

(ton/acre)

2nd cut2
yield

(ton/acre)

Cut 1 & 2
yield

(ton/acre)

3rd cut3
yield

(ton/acre)

Total
yield

(ton/acre)

Height
1st cut
(in.)

10/95
Stand*
rating

Vernal 3.01 2.14 5.14 1.58 6.72 26 3.5
5246 2.81 2.23 5.04 1.55 6.59 26 3.0
Ultra 2.94 2.02 4.96 1.64 6.59 25 5.0
Rushmore 2.97 2.09 5.05 1.52 6.58 26 3.1
IL 9C-1 2.75 2.21 4.96 1.60 6.56 24 4.0
5364 2.78 2.21 4.99 1.56 6.54 26 3.1
WL 252HQ 2.78 2.19 4.97 1.52 6.49 23 3.3
DK 127 2.83 2.16 4.99 1.48 6.47 26 5.0
Ranger 2.88 2.01 4.89 1.54 6.42 25 3.4
Webfoot MPR 2.81 2.04 4.85 1.57 6.41 26 3.0
Oneida VR 2.92 2.11 5.03 1.38 6.40 25 2.6
Blazer XL 2.73 2.02 4.75 1.63 6.38 25 3.9
Magnum IV 2.63 2.26 4.89 1.46 6.36 26 3.0
IL 8-3 2.60 2.22 4.82 1.53 6.35 24 2.9
Innovator + Z 2.76 2.06 4.81 1.48 6.30 28 3.9
Extend 2.68 2.16 4.83 1.44 6.27 28 2.9
Aspen 2.58 2.15 4.73 1.50 6.22 24 3.0
Affinity + Z 2.61 2.06 4.67 1.52 6.19 24 3.8
WL 323 2.52 2.06 4.59 1.60 6.18 26 2.6
Treasure 2.69 2.04 4.74 1.37 6.10 25 3.0
Haygrazer 2.61 1.93 4.54 1.55 6.09 25 3.0
IL 87-3 2.41 2.06 4.47 1.53 6.00 25 3.4
Vernema 2.55 1.87 4.41 1.49 5.90 25 3.3
Winema 2.43 1.98 4.41 1.42 5.83 26 3.6
Wrangler 2.42 1.79 4.22 1.48 5.69 25 3.1
Mean 2.71 2.08 4.79 1.52 6.31 25 3.4
PLSD 0.10 0.26 NS 0.41 0.13 0.14 NS 0.7
PLSD 0.05 0.31 NS 0.49 NS 0.17 NS 0.9
CV% 8.1 9.7 7.3 7.2 5.9 9.0 18.2
Harvest date 6/18 7/31 9/30
'Yield is presented on a dry-matter basis. Moisture samples were dried at 149° F.

- There were some minor irrigation problems on the west side of the trial.
3 - The neighbors cattle broke through the fence and grazed the trial extensively in September. Deer also grazed the plots.
4 - Stand rating was "subjectively visually" rated for "vigor and establishment" (height and no. of plants) as follows:

5 = excellent, 4 = good, 3 = fair, 2 = poor, 1 = failure.
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Table 5. 1997 yield results for the 1995 irrigated alfalfa variety trial planted on August 18, 1995 at the
Central Oregon Agricultural Research Center, Powell Butte, Oregon.

Variety
1 st cut
yield'

(ton/acre)

2nd Cut
yield

(ton/acre)

cut l& 2
yield

(ton/acre)

3rd cue

yield
(ton/acre)

Total
yield

(ton/acre)
Oneida VR 2.78 2.10 4.89 1.45 6.32
IL 9C-1 2.78 2.03 4.81 1.45 6.26
WL 252HQ 2.73 2.05 4.78 1.39 6.17
5364 2.81 1.98 4.78 1.37 6.15
Ranger 2.57 2.02 4.59 1.54 6.13
Affinity + Z 2.75 2.04 4.79 1.32 6.11
Vernal 2.72 1.99 4.71 1.39 6.10
Magnum IV 2.57 2.10 4.68 1.41 6.09
Innovator + Z 2.67 2.07 4.74 1.33 6.06
Ultra 2.69 1.90 4.59 1.47 6.06
5246 2.73 1.84 4.57 1.46 6.03
WL 323 2.47 2.07 4.53 1.49 6.02
Blazer XL 2.63 2.01 4.64 1.36 6.00
DK 127 2.59 2.03 4.62 1.37 5.99
Vernema 2.62 2.01 4.63 1.32 5.94
IL 8-3 2.45 1.99 4.36 1.49 5.92
Aspen 2.51 1.90 4.41 1.51 5.91
Haygrazer 2.39 1.92 4.31 1.59 5.90
Extend 2.57 2.04 4.61 1.24 5.85
Webfoot MPR 2.42 1.93 4.35 1.46 5.81
Treasure 2.44 1.96 4.41 1.38 5.78
IL 87-3 2.40 1.95 4.35 1.43 5.78
Wrangler 2.53 1.88 4.42 1.34 5.76
Rushmore 2.48 1.88 4.36 1.33 5.69
Winema 2.33 1.90 4.22 1.25 5.48

Mean 2.58 1.98 4.57 1.40 5.97

PLSD 0.10 0.36 NS 0.34 NS 0.36
PLSD 0.05 NS NS NS NS 0.43
CV% 8.1 8.9 6.4 11.8 5.1

Harvest date 6/17 7/28 9/29
`Yield presented on dry-matter basis (samples dried at 140°F).
2 The neighbors cattle broke through the fence, as well as deer, and grazed the trial extensively in September. All of the top part
of the alfalfa plants were eaten.
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Table 6. 1998 yield results for the 1995 irrigated alfalfa variety trial planted on August 18, 1995 at the
Central Oregon Agricultural Research Center, Powell Butte, Oregon.

Variety
1st cut l '2

yield
(ton/acre)

2nd Cut2,3

yield
(ton/acre)

Cuts 1 & 2
yield

(ton/acre)

3rd Cut3'4
yield

(ton/acre)

Total
yield

(ton/acre)

WL 252HQ 1.75 1.90 3.64 0.68 4.33
Magnum IV 1.63 1.88 3.51 0.76 4.27
Affinity + Z 1.65 1.78 3.44 0.71 4.15
Ultra 1.68 1.82 3.50 0.58 4.08
5246 1.76 1.76 3.51 0.56 4.07
Vernema 1.53 1.87 3.40 0.66 4.06
DK 127 1.72 1.79 3.51 0.55 4.05
Vernal 1.67 1.61 3.29 0.68 3.97
Rushmore 1.48 1.76 3.24 0.69 3.93
IL 9C-1 1.67 1.66 3.33 0.60 3.93
Innovator + Z 1.71 1.63 3.34 0.57 3.92
Oneida VR 1.70 1.63 3.32 0.50 3.83
Ranger 1.46 1.72 3.18 0.56 3.74
Blazer XL 1.42 1.62 3.04 0.65 3.70
Aspen 1.43 1.66 3.09 0.56 3.64
WL 323 1.46 1.62 3.07 0.56 3.63
Extend 1.52 1.65 3.17 0.46 3.63
5364 1.52 1.48 3.00 0.46 3.46
Wrangler 1.42 1.40 2.82 0.54 3.35
Webfoot MPR 1.30 1.52 2.81 0.50 3.31
Haygrazer 1.60 1.27 2.88 0.39 3.26
Treasure 1.41 1.40 2.80 0.44 3.25
IL 87-3 1.36 1.25 2.61 0.41 3.02
IL 8-3 1.32 1.23 2.55 0.43 2.98
Winema 1.14 1.23 2.37 0.43 2.79

Mean 1.53 1.60 3.14 0.56 3.69

PLSD 0.10 0.16 0.30 0.40 0.16 0.52
PLSD 0.05 0.19 0.36 0.48 0.19 0.63
CV% 8.9 15.8 10.8 24.8 12.0

Harvest date 6/16 7/30 10/12
'Yield (ton/acre) presented on a dry-matter basis (oven dried at 149° F).
2Velpar was applied on a very frosty early morning, after alfalfa broke dormancy; yield was affected.
3 Irrigation overflow ditch plugged, flooding parts of Rep III and parts of Rep IV: severe-to-minor stand reduction occurred
some plots.
4Deer grazed the plots extensively. Deer fencing is being put up this spring.
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Table 7. 1999 yield results for the 1995 irrigated alfalfa variety trial planted on August 18, 1995 at the
Central Oregon Agricultural Research Center, Powell Butte, Oregon.
Variety 1St 2nd cut Cuts 1 & 2 3rd cut Total Yield'' 2

yield' yield Yield yield
(ton/acre) (ton/acre) (ton/acre) (ton/acre) (ton/acre)

Affinity +Z 3.51 1.69 5.20 1.22 6.42
5246 3.67 1.55 5.22 1.07 6.29
Oneida VR 3.63 1.63 5.26 0.99 6.25
Ultra 3.59 1.59 5.18 1.00 6.18
Vernal 3.69 1.60 5.29 0.84 6.14
Magnum IV 3.59 1.59 5.18 0.95 6.13
DK 127 3.30 1.62 4.92 1.13 6.05
WL 252HQ 3.26 1.61 4.87 1.07 5.94
WL 323 3.24 1.43 4.67 1.04 5.71
Ranger 3.24 1.43 4.67 1.04 5.71
IL 9C-1 3.36 1.43 4.79 0.86 5.65
Extend 3.23 1.52 4.75 0.89 5.63
5364 3.32 1.36 4.68 0.80 5.48
Treasure 3.27 1.34 4.61 0.81 5.43
Innovator +Z 2.98 1.52 4.50 0.93 5.42
Vernema 3.09 1.52 4.61 0.81 5.42
Rushmore 2.88 1.41 4.29 1.00 5.29
Haygrazer 3.10 1.30 4.40 0.80 5.20
Blazer XL 3.03 1.30 4.33 0.81 5.15
Wrangler 3.26 1.24 4.50 0.59 5.09
Aspen 2.80 1.26 1.06 0.99 5.05
Winema 2.78 1.33 4.11 0.87 4.98
Webfoot MPR 2.64 1.29 3.93 0.70 4.63
IL 8-3 2.66 1.20 3.86 0.76 4.62
IL 87-3 2.64 1.25 3.89 0.54 4.43

Mean 3.18 1.40 4.63 0.89 5.51

PLSD 0.10 0.45 0.21 0.26 0.65
PLSD 0.05 0.54 0.25 0.31 0.77
CV% 12 12 25 10

Harvest date 6/23 8/10 9/30
'Yield (ton/acre) presented on a dry matter basis (oven dried at 149 degrees F).
2Electric deer fence was put up in the early spring, there was some marmot ("rock chuck") damage to the alfalfa.
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Table 8. 1996-1999 average annual yields, cumulative yields, and percent of mean for 4-year total yield of
the 1995 Alfalfa Variety trial planted August 18, 1995, at the Central Oregon Agricultural Research Center
Powell Butte, Oregon.

Variety
1996
yield

(ton/acre)

1997
yield

(ton/acre)

1998
yield

(ton/acre)

1999
yield

(ton/acre)

1996-97
yield

(ton/acre)

1996-98
yield

(ton/acre)

1996-99
yield

(ton/acre)

% of
mean

5246 6.59 6.03 4.07 6.29 12.62 16.69 22.98 107.0
WL 252HQ 6.49 6.17 4.32 5.94 12.66 16.99 22.92 106.7
Vernal 6.72 6.10 3.97 6.14 12.82 16.78 22.92 106.7
Ultra 6.59 6.06 4.08 6.18 12.65 16.73 22.91 106.7
Affinity +Z 6.19 6.11 4.15 6.42 12.30 16.44 22.87 106.5
Magnum IV 6.36 6.09 4.26 6.13 12.44 16.71 22.84 106.3
Oneida VR 6.40 6.32 3.83 6.26 12.72 16.55 22.80 106.1
DK 127 6.47 5.99 4.05 6.05 12.45 16.50 22.56 105.0
IL 9C-1 6.56 6.26 3.93 5.65 12.81 16.74 22.39 104.2
Ranger 6.42 6.13 3.73 5.72 12.55 16.28 22.00 102.4
Innovator +Z 6.30 6.06 3.91 5.41 12.36 16.27 21.69 101.0
5364 6.54 6.15 3.46 5.48 12.69 16.15 21.63 100.7
Rushmore 6.57 5.69 3.93 5.29 12.26 16.19 21.48 100.0
Extend 6.27 5.85 3.63 5.63 12.12 15.75 21.38 99.5
Vernema 5.90 5.94 4.06 5.42 11.85 15.90 21.32 99.3
Blazer XL 6.38 5.99 3.69 5.15 12.37 16.07 21.21 98.7
WL 323 6.18 6.02 3.63 5.16 12.20 15.83 20.99 97.7
Aspen 6.22 5.91 3.64 5.05 12.13 15.77 20.82 96.9
Treasure 6.10 5.78 3.24 5.43 11.89 15.13 20.56 95.7
Haygrazer 6.09 5.90 3.26 5.20 12.00 15.25 20.45 95.2
Webfoot 6.41 5.81 3.31 4.63 12.22 15.52 20.15 93.8
MPR
Wrangler 5.69 5.76 3.35 5.09 11.45 14.81 19.90 92.6
IL 8-3 6.35 5.92 2.97 4.62 12.27 15.25 19.88 92.6
IL 87-3 6.00 5.78 3.02 4.43 11.78 14.80 19.23 89.5
Winema 5.83 5.48 2.79 4.98 11.31 14.10 19.08 88.8

Mean 6.31 5.97 3.69 5.51 12.28 15.97 21.48 100.0
PLSD 0.10 0.44 0.36 0.52 0.65 0.60 0.80 1.15
PLSD 0.05 0.53 0.43 0.63 0.77 0.72 0.96 1.37
CV% 6 5 12 10 4 4 5
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IRRIGATED WINTER AND SPRING WHEAT VARIETY
DRILL STRIP DEMONSTRATION

Mylen Bohle, Tom Shibley, and Scott Simmons

Introduction

Soft white winter wheat is an important crop for central Oregon. Proximity to the Portland
market makes it a good choice for growing plus it has added benefits as a rotational crop.
Drill Strip demonstration tests are run to see how the varieties perform in side-by-side
comparisons under commercial farm conditions. Some of the varieties have been grown for
years, while other varieties have been released more recently. It has been many years since a
drill strip demonstration was run. Two on-farm locations in central Oregon were planted for
drill strip comparison of soft white winter wheat cultivars to determine yield and other
agronomic characteristics.

Materials and Methods

Twelve cultivars were planted on October 19, 1999 at the Macy Farms at Culver, Oregon,
and 11 cultivars were planted on October 20, 1999 at the Dean Davis Farm in Prineville.
Farm Drills were used to plant the strips. The Davis field had been previously cropped with
sugar beets, while the Macy field had previously been cropped to potatoes. The fields were
fertilized, irrigated, and weed control applied by the producers.

The soil test (top 1 ft.) at the Davis Farm results was: 30 lb/acre NO3, 20 lb/acre NH4, 428
ppm K, and 62 ppm P. The field was fertilized with 410 lbs. of 30-0-0-7 plus zinc on
December 8, 1999. No soil test data or fertilizer program information was available for the
Macy Farm field. The Macy Farms and Davis Farm fields were irrigated by center pivot and
wheel line irrigation system, respectively. The Macy Farm and Dean Davis plots were
harvested on August 14, and on August 21, respectively. One drill width of 12 ft. x 1162 ft.
in length was harvested at Macy's, while 18 feet out of 24 ft. (two drill widths planted) x 594
ft. long was harvested at the Davis Farm.

The wheat was harvested with the producers' combines and the grain was weighed in a
weigh wagon in the field. Samples for protein and test weight were taken and sent to Oregon
State University Crop and Soil Science Department, Corvallis, for processing. Protein was
predicted by near infrared spectroscopy (NIRS). Plant heights were measured and a lodging
score was given for the strip. Test weight was reported at 12 percent moisture and protein at
10 percent moisture. Yield is reported at "as is" field harvest moisture. The data represents
single replications. Many thanks to these two farms for providing the land, time, labor, and
harvest.
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Results and Discussion

The yield, test weight, protein, height, lodging, and grain N uptake data are reported in
Tables 1 and 2 for the two winter wheat drill strip locations. Tables 1 and 2 are sorted and
ranked by highest to lowest yielding cultivar at each site. Davis Farm estimated that their
field (Basin) maybe averaged 120 bu/acre, and Macy Farms estimated their field (Stephens)
yielded 180 bu/acre.

Table 1. Grain yield, test weight, protein, height, lodging, and grain N uptake results for the
2000 soft white winter wheat variety drill strip demonstration planted on October 20,1999, at
the Dean Davis Farm, Prineville, Oregon.
Variety

Hiller Club
Brundage
Weatherford
Stephens
Basin (M)
7817
Basin (W)
MacVicar
Basin (E)
Madsen
Rodsen (mix)
Rod
WPB 470

Mean

Grain
yield

(bu/acre)
133.6
131.2
124.3
122.2
122.6
121.6
116.4
116.2
113.7
112.8
106.1
105.9
105.9

Test
weight
(lb/bu)

56.7
60.9
59.0
59.0
59.4
59.3
59.7
61.0
60.6
59.8
59.8
58.5
59.6

Protein
(%)
8.5
10.1
8.7
9.5
7.9
9.9
9.1
9.3
8.5
9.2
9.7
10.2
10.5

Height
(in.)
37
36
37
34
30
46
33
34
34
31
35
30
33

Lodging
(%)

0
0
0
0
0
0
0
0
0
0
0
0
0

Grain N Uptake
(lb/acre) 

119.5
139.5
113.8
123.4
102.0
126.7
115.2
113.8
101.7
109.2
108.3
113.7
117.0

117.7	 59.5	 9.3	 35	 0	 115.4
E = east side of strips, W = west side of strips, M = middle of strips
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Table 2. Grain yield, test weight, height, lodging, and grain N uptake results for the 2000
soft white winter wheat variety drill strip demonstration planted on October 19, 1999 at
Macy Farms, Culver, Oregon.

Variety
Grain
yield

Test
weight Protein Height' Lodging

Grain N
uptake

(bu/acre) (lb/acre) (%) (in.) (lb/acre)

Brundage 208.1 62.6 10.1 38 0 221.2
Stephens 202.1 59.5 10.4 38 2 221.2
WB 470 199.2 62.8 10.6 39 1 222.3
MacVicar 199.2 58.7 10.1 38 2 211.8
Weatherford 196.4 60.6 10.2 44 0 210.9
Basin 196.0 60.9 9.6 35 3 198.1
Rodsen (mix) 191.0 59.9 9.9 41 0 199.0
Rod 190.9 58.7 9.9 45 5 198.9
7817 189.7 59.2 10.4 45 1 207.7
Gene 186.0 57.4 10.9 36 0 213.4
Madsen 185.5 60.6 9.9 40 0 193.3
Hiller (club) 171.9 56.5 10.3 41 30 186.4

Mean 193.0 59.8 10.2 39 4 207.0
Height is an average of three measurements taken across the field

The following spring wheat variety drill strip comparisons in Tables 3-5, were conducted by
Tom Shibley, Round Butte Seed Growers, Culver, Oregon. No planting dates, fertilizer
programs are available. The producers managed and harvested the strips in their fields. The
field weights were made with the OSU Extension weigh wagon. Test weight and protein
percent were processed with the same procedures as previously stated, by the Oregon State
University State-wide campus team in Corvallis, Oregon. The drill strips were not replicated.
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Table 3. 2000 soft white spring wheat variety drill strip comparison for yield, test weight,
protein, and grain N uptake at the Big Falls Ranch, Terrebonne, Oregon.

Grain N
Variety	 Yield	 Test weight	 Protein	 Height	 uptake

(bu/acre)	 (lb/bu)	 (%)	 (in.)	 (lb/acre)
Alpowa	 114	 61.5	 11.0	 132.2
Pennawawa	 111	 61.4	 10.2	 119.5
Vanua	 103	 59.7	 11.0	 118.9

Mean	 109	 60.9	 10.7	 123.5

Table 4. 2000 hard red spring wheat variety drill strip comparison for yield, test weight,
protein, height, and grain N uptake at the Curt Locke farm, Culver, Oregon.

Grain N
Variety Yield Test weight Protein Height uptake

(bu/acre) (lb/bu) (%) (in.) (lb/acre)
Brooks 112 60.9 14.3 28 169.0
Bonus 106 59.9 13.9 24 154.8
Yecora Roja 104 61.0 14.9 26 163.1
Standard 102 59.0 13.6 27 145.6

Mean 106 60.2 14.2 26 158.1

Table 5. 2000 hard red spring wheat variety drill strip comparison for yield, test weight,
protein, height, and grain N uptake at the Jim Carlson farm, Culver, Oregon.

Grain N
Variety Yield Test Weight Protein Height Uptake

(bu/acre) (lb/bu) (%) (in.) (lb/acre)
Brooks 142 62.5 12.3 33 194.7
Bonus 141 62.0 11.8 32 175.7
Standard 129 63.3 12.5 31 153.5
Yecora Roja 117 60.3 13.4 29 181.4

Mean 132 62.0 12.5 31 176.3
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HARD RED SPRING WHEAT RESPONSE TO DIFFERENT NITROGEN
FERTILITY LEVELS

Mylen Bohle, Peter Sexton, Rhonda Bafus, John Bassinette, Russ Karow, and Neil Christensen

Introduction

Soft white wheat has been the dominant wheat grown in central Oregon up until 1998. In the 1999 and
2000 crop years, the amount of soft white wheat grown was reversed with hard red spring wheat.
Interest in hard red spring wheat is much greater. Price per bushel for 14% protein hard red spring
wheat is much higher than soft white spring wheat. Market for both wheat classes is in Portland,
Oregon. Producers are more familiar with growing soft white wheat, which requires less nitrogen
fertilizer to obtain yield and lower desired protein level. Hard red spring wheat requires higher nitrogen
applications to obtain optimum yield and optimum protein at 14%. Soft white wheat achieves maximum
yield around 10.5% protein and hard red spring wheat achieves maximum yield at about 11.5% protein.
There was interest in documenting whether differences existed between some of the hard red spring
wheat varieties' yield and protein response to different nitrogen rates. This screening will allow better
decision making for future variety selection by helping to determine varieties that perform better,
depending upon what the producers need. This would also begin to answer questions about how the
varieties respond differently in their grain nitrogen uptake and answer the question about nitrogen
requirements for different hard red spring wheat varieties to maximize yield and protein.

Materials and Methods

Six varieties of hard red spring wheat (HRSW) were planted - Bonus, Brooks, Express, Standard, WPB
936, and Yecora Rojo along with a soft white spring wheat (SWSW) variety check - Penawawa. All
varieties were planted at the rate of 30 seeds per square foot into 4.5-ft. x 20-ft. plots with an Oyjord
Plot Drill. There were 6 rows, with 8-inch row spacing. Planting date was on April 7, 2000. This trial
was imbedded within the 2000 State-wide Spring Wheat Variety Test.

The field was fertilized with 135 lb/acre nitrogen, 45 lb/acre P 205, and 40 lb/acre sulfur on April 5.
Additional rates of 80 and 160 lb/acre nitrogen (ammonium nitrate source) were hand broadcast over
specific plots on April 19, so there were treatments plots with 135, 215, and 295 lb/a applied nitrogen.
With the 53 lb/a of NO3 nitrogen in the top two feet of the soil (see table 1), the treatments were 188,
268, and 348 lb/acre nitrogen. The nitrogen budget does not take into account any of the ammonium
nitrogen in the soil, or the soil mineralization of N throughout the growing season.

Table 1. Soil test results from the samples taken on March 16, 2000 for the hard red spring wheat
variety * nitrogen rate trial at the COARC, Madras, Oregon.
Depth pH NO3

(lb/a)
NH4
(lb/a)

P
(ppm)

K
(ppm)

S
(ppm)

0-12 7.2 25 21 24 392 8.8
12-24 8.0 28 19 11 235 12.7
Total 53 40

-172 -



Irrigation was as needed with solid set sprinkler lines on a 40-ft. x 30-ft. spacing. Weeds were
controlled with an application of 2 pints/acre of Bronate on May 22. There were some wild oat problem
areas in the within Rep I of the State-Wide Spring Wheat Variety Trial. Plant height and lodging scores
were taken just prior to harvest. The plots were harvested with a Hege plot combine on August 17,
2000. The grain was transported to Corvallis and was cleaned with a Pelz rub-bar cleaner. Test weight
and other quality determinations were made on cleaned grain samples. Protein percent and moisture was
determined with a whole-grain Near Infrared Spectroscopy (NIRS) analyzer. Yield and protein are
presented on a 10% and 12% moisture basis.

The trial was partially funded by Round Butte Seed Growers, Wilbur Ellis Co., Cenex Harvest States,
Untied Agri-Products, Resource Seed Co., and Western Plant Breeders. Their participation is gratefully
acknowledged.

Results and Discussion

Yield, protein, test weight, plant height, lodging, heading date, grain N uptake, pounds of N per bushel,
N use efficiency of total N available data for, nitrogen rate means, variety means, and the variety
*nitrogen rate means are presented in Tables 2, 3 and 4. There were no two-factor interactions for the
major variables (yield, protein, test weight, plant height, grain N uptake, pounds of N per bushel, and N
use efficiency of the total N available). The exceptions were heading date and lodging. Protein
percentage was close to being significant at P = 0.12. There was some nitrogen "hot spots" in the field
that showed up by examining the plot-by-plot data and thus affected results (see N use efficiency of total
N available for Express at the 135 lb/ac applied N level in Table 4.).

There were no significant differences for yield, which averaged 132 bu/acre across varieties and
nitrogen rates. There was no yield response to N applied at greater than 135 lb/ac rate. Protein
significantly increased with increasing nitrogen rates up to the 295 lb/acre N rate. All varieties, with the
exception of Penawawa and Standard, achieved the desired 14% protein level; neither of those two
varieties was close. Increasing nitrogen from 215 lb/acre to 295 lb/acre had no effect on the protein
content of Standard. The protein content of Penawawa increased significantly with each rate, but did not
come close to achieving the 14% protein level.

Pennawawa had significantly lower test weight than all of the other varieties. Yecora Roja and Brooks
had significantly higher test weight than all of the other hard red wheat varieties. Test weight decreased
with additional nitrogen. Plant height did not show a consistent response to supplemental N. There
were differences between varieties. Pennawawa was significantly taller (and had greater lodging) than
all of the other varieties, and there were differences in plant height between the hard red varieties.

Grain Nitrogen uptake was significantly (P = 0.10) less for Pennawawa than for all of the hard red
spring varieties, except for Standard. There was no difference between the hard red varieties.
Increasing nitrogen rates significantly increased grain nitrogen uptake. Nitrogen use efficiency of total
N available behaved similar to grain nitrogen uptake for varieties, and for nitrogen rates. There were no
significant differences for pounds of N per bushel for varieties. There were significant differences for
increasing nitrogen rates.

The results presented are from one year of testing. While the results are encouraging, more years of
testing are required to have greater in-depth confidence in these research results.
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Table 2. Variety yield, protein, test weight, plant height, lodging, heading date, grain N uptake, pounds of N
per bushel, and N use efficiency of total N available means for the hard red spring wheat variety*nitrogen rate
trial planted on April 7, 2000 at COARC, Madras, Oregon.

N Level N Use
Applied Grain Eff. of
(Total N Test Plant 50% N Lb of Total N

Available) Yield Protein Weight Height Lodging Heading Uptake N/Bu. Avail.
(lb/ac) (bu/ac) (%) (lb/bu) (in) (%) (DOY) (lb/ac) (lb/bu) (%)

135 (188) 132 10.8 63.8 31 0.1 170 150 1.5 75.8
215 (268) 133 12.4 63.6 32 8.3 171 174 2.1 62.5
295 (348) 130 13.9 62.7 32 6.1 173 189 2.8 52.7

Mean 132 12.3 63.4 32 5 171 171 2.1 63.8
PLSD (0.05) NS 0.5 0.5 NS NS 2.0 13.9 0.14 5.8
PLSD (0.10) NS 0.4 0.4 NS NS 2.0 11.6 0.12 4.8
CV % 10 7 1 7 152 1 13 11 15
Initial soil nitrogen was 53 lb/a of NO 3 in the top two feet of soil at planting. DOY = day of year.

Table 3. Variety yield, protein, test weight, plant height, lodging, heading date, grain N uptake, pounds of N
per bushel, and N use efficiency of total N available means for the hard red spring wheat variety*nitrogen rate
trial planted on April 7, 2000 at COARC, Madras, Oregon.

Variety Yield Protein
Test

Weight
Plant

Height Lodge
50%

Heading

Grain
N Uptake Lb of

N/ Bu.

N Use
of To

Avai
(bu/ac) (%) (lb/bu) (in) (%) (DOY) (lb/ac) (lb/bu) (%)

Bonus 135 12.8 63.0 29 0.0 171 181 2.08 67.
Brooks 131 12.4 64.4 29 1.0 170 170 2.18 63.
Express 128 13.2 63.0 35 0.4 174 178 2.20 67.
Penawawa 132 10.8 62.4 37 27.2 174 150 2.13 55.
Standard 133 11.8 63.3 28 0.0 172 165 2.09 61.
WPB936 133 12.5 63.1 33 5.0 171 176 2.11 65.5
Yecora Rojo 131 12.9 64.4 29 0.0 169 179 2.13 66.

Mean 132 12.3 63.4 32 5 171 171 2.13 63
PLSD(0.05) NS 0.8 0.7 2.1 3.3 1.7 NS NS NS
PLSD(0.10) NS 0.7 0.6 1.7 2.3 1.4 17.7 NS 7.4
CV % 10 7 1 7 152 1 13 11 15
Initial soil nitrogen was 53 lb/a of NO 3 in the top two feet of soil at planting. DOY = day of year.
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Table 4. Yield, protein, test weight, plant height, lodging, heading, grain N uptake, pounds of N per bushel, and N use efficiency of total N available mean
results for the hard red spring wheat variety*nitrogen rate trial planted on April 7, 2000 at the COARC, Madras, Oregon. Initial soil nitrogen was 53 lb/a of
NO3 in the top two feet of soil at planting. Total nitrogen available to plants was 188, 268, and 348 lb/ac (applied plus initial soil nitrogen (0-2' depth)).

Grain Lb of N Use Efficiency
Applied Test Plant N N of Total N

Variety	 N Yield Protein Weight Height Lodging' Heading 2 Uptake Per Bu. Available

(Ib/ac) (bu/ac) (%) (Ib/bu) (in) (%) (DOY) (lb/ac) (Ib/bu) (%)

Bonus	 135 136 10.6 63.6 29 0 169 151 1.5 76.2
215 142 13.6 63.0 28 0 173 202 2.0 72.7
295 127 14.3 62.3 29 0 171 191 2.8 53.4

Brooks	 135 133 10.7 64.9 26 0 168 151 1.5 76.2
215 140 12.3 64.8 29 1 170 181 2.0 65.2
295 120 14.0 63.4 31 2 171 178 3.0 49.6

Express	 135 135 12.7 62.9 37 1 175 181 1.5 91.4
215 123 12.7 63.5 34 1 172 164 2.3 59.1
295 127 14.3 62.7 34 0 177 190 2.9 52.9

Penawawa	 135 134 8.9 63.3 37 0 172 126 1.5 63.5
215 132 10.8 62.7 39 57 174 150 2.1 54.0
295 129 12.8 61.1 36 25 175 173 2.8 48.3

Standard	 135 131 9.8 63.5 28 0 168 135 1.5 68.1
215 137 12.7 63.2 28 0 173 183 2.0 65.8
295 131 12.9 63.2 28 0 174 177 2.7 49.5

WPB936	 135 130 11.1 63.4 32 0 170 153 1.6 77.2
215 134 12.4 63.6 34 0 171 176 2.1 63.4
295 135 14.1 62.2 34 15 171 200 2.7 55.7

Yecora Rojo	 135 127 11.4 64.6 27 0 169 154 1.6 78.0
215 122 12.4 64.7 30 0 168 159 2.3 57.0
295 144 15.0 64.0 30 0 170 223 2.5 62.3

Mean 132 12.3 63.4 31 5 171 170 2.1 63.8
Standard Error 10.5 0.68 0.62 1.8 3.0 1.4 18.2 0.19 7.6

P-values:
Variety 0.9600 0.0001 0.0001 0.001 0.0016 0.0001 0.0599 0.9389 0.0895
N 0.8827 0.0001 0.0001 0.278 0.1259 0.0002 0.0001 0.0001 0.0001
N*Variety 0.4415 0.1197 0.5558 0.103 0.0408 0.0099 0.1723 0.3401 0.2356

'PSLD (0.10%) for lodging is 6.7. `PLSD (0.10%) for heading 1.7



NITROGEN RATE AND TIMING EFFECT ON IRRIGATED HARD RED SPRING WHEAT:
1999 ON-FARM TRIALS IN CENTRAL OREGON

Peter Sexton, Mylen G. Bohle, Rhonda R. Bafus, Russ Karow, Ernie Marx, and Tom Shibley.

Introduction

Wheat is a valuable crop in central Oregon for breaking disease and weed cycles, if not for profit.
Given current market prices for soft wheats, there is increased interest in cultivating hard red
spring wheat. The limiting factor in utilizing higher value hard wheats is lack of knowledge on
how to manage the crop to assure high protein levels needed to guarantee marketability. Grain
protein concentration in wheat is strongly influenced by amount and timing of nitrogen application'
(e.g. Christensen and Killorn, 1981; Fischer et al., 1993; Knowles et al., 1994). Farmers need to
know how much, and when, to apply N to attain high yields and high protein in an efficient
manner. A diagnostic tool for in-season application of N would be a useful asset for farmers in
guiding N fertilizer use. Work in Idaho has indicated that flag leaf nitrogen concentration may be
used to predict whether topdressing N in-season is called for or not (Tindall et al., 1995). The
objective of this work was: 1) determine the protein and yield response of hard red spring wheat
to N in on-farm environments in central Oregon; 2) determine the utility of using flag leaf N as a
guide for in-season N application; 3) determine whether topdressing some N versus all basal
application is beneficial for increasing grain protein concentration, or for avoiding N loss to the
environment.

Methods and Materials

Plant culture and experimental design. The trials were conducted at on-farm sites in Madras,
Culver, and Prineville; the cooperating farmers were Mr. Rich Lewis, Macy Ranches, and Mr.
Brian Barney, respectively. The hard red spring wheat varieties planted at Madras, Culver, and
Prineville were `Yecora Rojo', 'Hank', and 'Express'. The plots were managed along with the
rest of the field at the farmers' discretion, except for nitrogen management. The fields were
irrigated by hand line sprinkler at Culver and Prineville, while a rolling wheel line sprinkler system
was used at the Madras location. Plot size was 10-feet by 30-feet and the trial was laid out in a
randomized complete block design with three replications at each site.

In all cases, basal nitrogen applications were made at or before the three leaf stage. The basal
application dates occurred on April 22, April 22, and April 23 at Madras, Culver, and Prineville.
Topdress treatments were made within a few days of anthesis. The topdress applications were
made on calendar dates June 22, July 2, and July 1 at Madras, Culver, and Prineville. The
nitrogen source was ammonium nitrate. Nitrogen treatments are listed in Table 1.

The trial sites were sampled in early April. Soil test information is presented in Table 2, Table 3,
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and Table 4 for Culver, Madras, and Prineville. The soil tests (0-24"depth) indicated initial soil
nitrate levels were 61 lb/ac nitrate-N per acre at Culver, 166 lb/ac nitrate-N per acre at Madras,
210 lb/ac nitrate-N per acre at Prineville. Only nitrate-N is used in the nitrogen budget.

Table 1. Nitrogen rate treatments for the nitrogen rate and timing effect on hard red spring
wheat trials located at Culver, Madras, and Prineville.

Trt.# Basal Fertilizer N Topdress N Total Fertilizer N

(lb/ac) (lb/ac) (lb/ac)
1) 0 0 0

2) 0 40 40
3) 70 0 70
4) 30 40 70
5) 140 0 140
6) 100 40 140
7) 210 0 210
8) 170 40 210
9) 280 0 280
10) 240 40 280

Table 2. Soil test results from the samples taken in early April, 1999 at Macy Farms, Culver,

Depth pH NO3
(lb/ac)

N114
(lb/ac)

P
(ppm)

K
(ppm)

0-12" 6.5 30 15 66 215

12-24" 6.9 31 13 27 162

Total 61 28
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Table 3. Soil test results from the samples taken in early April, 1999 at the Rich Lewis Farm,
Madras, Oregon.

Depth pH NO3
(lb/ac)

NH4
(lb/ac)

P
(ppm)

K
(ppm)

0-12" 6.1 60 20 72 419

12-24" 6.8 106 20 33 284

Total 166 40

Table 4. Soil test results from the samples taken in early April, 1999 at the Brian Barney Farm,
Prineville, Oregon.

Depth pH NO3
(lb/ac)

NH4
(lb/ac)

P
 (ppm)

K
(ppm)

0-12" 7.6 74 14 29 649

12-24" 7.6 136 8 10 666

Total 210 22

Sampling and statistics. Flag leaf nitrogen and SPAD chlorophyll meter (Minolta Camera Co.,
Osaka, Japan) readings were determined by sampling 30 leaves per plot at heading. After
obtaining a SPAD measurement from each leaf, leaves were dried at 150 F, ground, and analyzed
for N by combustion analysis (Horneck and Miller, 1998). Basal stem segments (20 cm in length)
were also collected at the time the flag leaves were sampled. The stem segments were initially
frozen, then dried at 150 degrees F, ground and analyzed for stem nitrate using an ion-specific
electrode. Canopy nitrogen was determined by sampling six feet of row at the soft dough stage.
These whole samples were weighed fresh and a 3-plant subsample taken and weighed
immediately. The subsample was then dried, ground and analyzed for N (Horneck and Miller,
1998). The subsample data was converted back to a land-area basis using the whole plot fresh
weight and percent dry matter from the subsample. A bordered area of about five-feet by 20-feet
area (each harvested plot length was measured) was harvested from each plot using a small plot
combine to determine grain yield. The trials were harvested on August 19, September 9, and
September 15 at Madras, Culver, and Prineville. Plant height and lodging scores were recorded at
harvest. Grain protein was determined using NIR analysis. Grain nitrogen per acre was estimated
by multiplying seed yield by NIR protein values and dividing by the protein:N ratio of 5.7. Final
soil nitrate was determined by sampling (5 cores per plot) from each plot after harvest to a depth
of 2' (0-1' and 1-2') with a Kaufman hydraulic soil auger. The samples were taken on September
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2-3, September 10, and September 22 at Madras, Culver, and Prineville. All data were analyzed
as a randomized complete design using the PROC GLM routine in SAS statistical software (SAS
Institute, Cary, NC).

The Agricultural Research Foundation at Oregon State University is gratefully acknowledged for
the $7,500 grant for partial funding of this trial.

Results and Discussion

Yield and protein response to N. There was a significant yield response to N at Culver and
Prineville, and a trend for increased yield with greater N at Madras (Table 5 and Fig. 1).
Reserving a portion of N for topdressing appeared to exacerbate N deficiency effects on yield in
plots where N was yield limiting (Tables 5 and 6). Protein was responsive to N at Madras and
Culver, but not at Prineville where all the plots showed high grain protein (Table 5 and Fig. 2).
At first glance, the Prineville data appears incongruous. There is a yield response but not a
protein response to N. Indeed, the plots low in N were visibly N deficient during vegetative
growth and yet all plots had high protein. One explanation for this is that the field was very high
in N initially, and perhaps this N was leached out of the root zone during vegetative growth but
became available later in growth as roots grew deeper. Thus N may have been limiting during
vegetative growth when yield was determined, but was not limiting later on when protein was
determined. The field was irrigated with 24 hour sets twice, while the rest of the irrigations were
12 hour sets. At Madras, all of the plots had sufficient initial N to acheive high yields, but not
enough N to ensure high protein. Culver was the only site that showed a typical yield and protein
response (Fig. 1 and 2).

Plotting protein versus yield at Culver, initially protein declined due to a dilution effect as yield
increased from 40 to about 70 bushels per acre in response to N (Fig. 3). Yield, and to a lesser
extent protein, both increased over the next increment of N. Above this nitrogen level, only
protein responded to applied N while yield remained the same - the curve going effectively
straight up. The protein percentage where the yield response is saturated was below 12 % - much
lower than the desired level of 14 %. One obvious but important implication of this is that
fertilizing for yield, and fertilizing for 14 % protein, are two different goals. Also note that while
there was an effect of topdressing on protein percent when basal N was insufficient for yield, once
sufficient basal N was present for yield (greater than 140 lbs N per acre in this case), there was no
effect of topdressing N versus full basal application on grain protein. This was also true at the
other sites (Fig. 2). It appears from this data that at low levels of N, holding a portion of N back
for topdressing only increases protein by decreasing yield. At levels of N sufficient for both yield
and protein, it appears that timing of application does not significantly effect protein concentration
(provided enough N is applied basally to ensure yield). Considerations such as delaying N
application to avoid lodging, cost of application later in the season, and the importance of
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avoiding a low-protein crop (i.e. topdressing as an insurance against very low protein) needs to be
taken into account when deciding whether to split apply N or not.

Flag leaves were sampled near heading to evaluate whether or not flag leaf N concentration could
be used as a predictor of grain protein concentration, and thus as an in-season diagnostic tool to
guide N application. Grain protein concentration was correlated with flag leaf N (Fig. 4);
however, the relation may not be strong enough to be of use on a practical level. For instance, at
the Madras site, there were some points with high flag leaf N concentration which finished the
season with low grain protein. Chlorophyll meter readings (SPAD Meter, Minolta Camera Co.,
Osaka, Japan) were taken from the flag leaves to see if this could be used as a predictor of grain
protein; however, the correlation was weaker than that of flag leaf N concentration (Fig. 5). Stem
nitrate samples taken at the same time as the flag leaf samples also failed to show a consistent
relationship with grain protein (Fig. 6). The data from these trials suggests that neither flag leaf N
concentration, nor the SPAD readings have much promise as tools for guiding in-season N
applications. Stem nitrate samples taken near anthesis also failed to consistently predict grain
protein concentration. Perhaps with some further refinement these tools could be useful, but as
tried here they were not very promising.

Two different methods to estimate the total amount of N needed to maximize yield and attain 14
% protein were evaluated. One method was to plot grain N per acre versus total available N (Fig.
7). This seemed to agree well across sites and with data from earlier studies in central Oregon
(Crowe et al., 1986 and 1987). Averaging the regression equations for each set of points in
Figure 5 gives the following relation:

N requirement = ([(desired yield*60)*(desired protein percent/5.7)/100)1-59.6) / 0.329

The term of "yield*60" converts the yield value from bushels to pounds of grain. The value of 5.7
is the ratio of protein to N in wheat. Dividing protein by 5.7 converts the value to percent N, so
when it is multiplied times total grain dry matter it yields pounds of grain N per acre.

The other method was to plot grain protein versus applied N per bushel of yield, using only the
plots receiving all their N basally (Fig. 8). The reason for this is including topdress treatments
where N was insufficient for yield would skew the analysis, showing artificially high protein
concentration that came at the expense of lower yield. This analysis estimates that 2.8 lbs N per
bushel of yield is needed to attain 14 % protein. Comparing the two methods (Table 7), one sees
that the grain N method predicts efficiency of N use will decline as yield increases, while the N per
bushel method estimates a constant efficiency of N use. Data from other studies (Cassman et al.,
1992) suggest that N efficiency does in fact decline as rates of N application are increased.

While these data are consistent with that from earlier studies (Crowe et al., 1986 and 1987) and
with work from Montana (Westcott, 1998), it should be emphasized that the analysis is based on
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one season's data. The trial needs to be repeated before firm conclusions are drawn as to
reccomended amounts of N to be applied to hard red spring wheat in central Oregon.

Efficiency of N use. The amount of N in the crop (canopy N) increased with applied N at all three
sites (Fig. 9). The total amount of N in the canopy tended to be lower for the topdress treatments
than for the full-basal treatments (Fig. 9 and Table 8). Nitrogen harvest index (NHI), on the other
hand tended to be greater with topdressing than with full-basal application of N (Fig. 10). Thus it
appears that N top-dressed at heading was not taken up as efficiently as N applied basally;
however, the partitioning of N to grain (NHI) tended to be greater with topdressing at all levels of
N. In this trial the two effects appeared to cancel each other out so that at high levels of N, grain
protein concentration was similar whether all N was applied basally or not (Fig. 2). The N
topdress in these trials was timed to occur within 3 days of anthesis. It may be that a N topdress
applied earlier (e.g. early boot stage) might be more efficiently absorbed by the plant. This is a
point that needs further research.

The amount of N unaccounted for at the end of the trial tended to be greater with topdressing
than with full-basal application (Fig. 11). Negative values presumably are due to N
mineralization, where apparently the Madras site had greater rates of N mineralization, or less
leaching of N out of the profile. Nitrate-N in the soil at the end of the season increased with the
amount of applied N (Fig. 12). The end-of-season nitrate-nitrogen results are presented in Table
9, Table 10 and Table 11 for Culver, Madras, and Prineville.

Lodging and plant height. There was no lodging at any of the sites. Plant height was increased
by increasing rates of nitrogen at Culver, but basal N rates or N timing had no significant effect at
the Madras or Prineville locations.

Summary

In 1999 three on-farm trials (Madras, Culver, and Prineville) were conducted to determine the
yield and protein response of hard red spring wheat to amount and timing of N application.
Topdressing N at heading enhanced grain protein over full basal application when the total
amount of N applied was insufficient to maximize yield. At levels of N where yield was not
limited, timing of application did not effect protein concentration (i.e. there was no benefit to
topdressing versus full basal application of N). It appears that N applied at heading was not as
efficiently taken up by the plant as was N applied basally. However, once in the plant, top-
dressed N was more efficiently partitioned to grain, so that in terms of grain protein concentration
there was no loss or benefit from topdressing at higher levels of N application. Flag leaf N
concentration, and stem nitrate concentration at heading were both inadequate tools for predicting
grain protein or for guiding N application at heading, in our opinion.
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Figure 1. Response of grain yield to available N (initial soil nitrate to a depth of 2' plus applied N)
at three sites in central Oregon. Nitrogen was either all applied basally, or 40 lbs N per acre were
reserved from the basal application for topdressing at heading.
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Figure 2. Grain protein versus applied N at three on-farm sites in central Oregon. Nitrogen was either all
applied basally, or 40 lbs N per acre were reserved from the basal application for topdressing at heading.
Initial soil nitrate (0-2' depth) values were 61, 166, and 210 lb per acre at the Culver, Madras, and
Prineville sites, respectively.
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Figure 3. Grain protein
versus grain yield at the
Culver site. Nitrogen was
varied from zero to 280 lb
per acre applied N.
Nitrogen rates are shown
near their respective points.
Bars show plus/minus one
standard error of the mean.
Initial soil nitrate content
was 61 lbs per acre.

Figure 4. Grain protein versus
flag leaf N concentration at
heading. Data are from three
on-farm trials conducted in
central Oregon in 1999 where
basal nitrogen application was
varied from zero to 280 lbs N
per acre. Data from the zero
treatment at Prineville (marked
with a filled triangle) was not
included in the regression
analysis.
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meter readings of wheat flag leaves
taken at anthesis. Thirty flag leaves
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Fig. 6. Grain protein versus stem
nitrate sampled within 3 days of
anthesis. Stem samples were dried,
ground, and stem nitrate determined
using an ion specific electrode.
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Fig. 7. Protein nitrogen versusavailable N using data from three on-farm trials conducted in
central Oregon in 1999 with experiment station results from N rate trials conducted in previous
years (Crowe et al., 1986 and 1987). The regression line shown (59.6 + 0.329X) is the average
(slope and intercept) for all individual regression equations.

Figure 8. Grain protein versus total
available N per bushel of yield for hard
red spring wheat from three on-farm
trials conducted in central Oregon.
Top-dressed treatments were not
included in this graph. The regression
equation predicts a ratio of 2.8 lbs of N
per bushel yield to attain 14 % protein.
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Figure 11. Nitrogen
unaccounted for versus
available N at Culver and
Madras. Data from
Prineville is not shown
because of anomalies.
Negative values imply N
mineralization.
Unaccounted for
nitrogen is the difference
between available N
minus the sum of canopy
N and end-of-season soil
nitrate.

150

0	 100	 200	 300	 400	 500

Available N (soil nitrate plus fertilizer)

Figure 12. Soil nitrate (0-2'
depth) at the end of the season
versus available N. Data are
from two on-farm trials with
hard red spring wheat grown in
central Oregon. Data from
Prineville is not shown because
of anomalies.
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Table 5. Nitrogen rate and timing effect on yield, protein, protein nitrogen, flag leaf nitrogen, and plant height
results at Culver, Madras, and Prineville.

Applied
Nitrogen Topdress Yield Protein

Protein
Nitrogen

Flag Leaf
Nitrogen Height

N use
efficiency
of total N

avail.
(40 lbs) (bu/a) (%) (lb/a) (%) (in) (%)

Culver 0 N 39 11.7 41.9 3.1 25 69

Variety: Hank 40 Y 55 13.5 68.3 3.0 27 68
611bs initial NO3 70 N 72 10.5 69.8 3.5 31 53

70 Y 64 12.9 77.1 3.3 28 59
140 N 103 11.5 109.5 3.9 33 54
140 Y 86 12.3 97.8 3.7 31 49

210 N 114 13.5 139.3 4.3 34 51

210 Y 110 13.2 134.9 4.3 34 67

280 N 101 14.9 138.9 5.0 36 41

280 Y 105 15.5 149.2 5.0 35 44

MEAN 88 12.9 106.5 4.0 31
LSD (0.05) 26 1.3 23.9 0.6 3.0
CV (%) 18 6 13 8 5

Madras 0 N 123 1L4 127.6 4.1 34 77

Variety: Yecora Rojo 40 Y 141 13.6 169.6 4.3 34 82

166 lbs initial NO3 70 N 153 12.1 169.0 5.0 34 72

70 Y 144 12.9 172.6 4.8 35 73

140 N 151 12.9 180.5 4.9 37 59
140 Y 158 14.0 203.3 5.0 38 66

210 N 145 15.1 202.2 5.3 35 54
210 Y 178 14.7 242.8 4.9 36 65

280 N 160 15.1 224.4 5.1 40 50
280 Y 165 15.3 228.2 5.2 36 51

MEAN 153 13.7 193.2 4.9 36

LSD (0.05) NS 2.2 38.3 0.7 NS

CV (%) 15 10 12 8 6

Prineville 0 N 66 14.9 91.4 4.0 32 44

Variety: Express 40 Y 81 15.7 116.3 3.9 29 48

210 lbs initial NO3 70 N 108 14.0 139.9 4.4 33 50

70 Y 86 15.2 121.3 3.7 31 43

140 N 134 14.4 178.8 4.6 32 51

140 Y 101 14.1 135.0 4.5 34 39

210 N 139 14.2 182.8 4.8 28 44

210 Y 118 14.8 162.0 4.6 32 39
280 N 132 14.9 181.4 5.1 33 37

280 Y 141 14.6 191.2 4.9 31 39

MEAN 115 14.6 155.0 4.5 32

LSD (0.05) 32 NS 49 0.4 NS
CV (%) 17 5.1 19 5 13

The statistical analysis treated each level of applied N by split application as a discrete treatment without analysis
for main effects. This was done because the control and the 40 lb/ac topdress treatment would otherwise unbalance
the statistical analysis.
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Table 6. Basal rate and topdress N effect on crude protein, protein N, canopy nitrogen, nitrogen harvest index,
unaccounted for nitrogen, end-of-season nitrate-nitrogen, and harvest index at Culver, Madras, and Prineville. 

Site	 Split Application Yield Crude Protein' Protein N Canopy Nitrogen
(bu/a) (%) (lb/a) (lb/a)

Culver	 N 97.5 12.6 114.4 188.0
Culver	 Y 91.3 13.5 114.8 151.1
Madras	 N 152.3 13.8 194.0 361.1
Madras	 Y 160.9 14.2 210.2 335.9
Prineville	 N 128.3 14.4 170.7 323.8
Prineville	 Y 113.7 14.7 155.2 275.5
P-values for split application effect:
Culver 0.368 0.016 0.948 0.001
Madras 0.269 0.265 0.040 0.219
Prineville 0.065 0.298 0.172 0.072

Split
Site	 Application

Nitrogen
Harvest Index

Unaccounted
Nitrogen

End-of-season
NO, Harvest Index

(lb/ac) (lb/ac)

Culver	 N 0.71 23.4 24.6 0.52
Culver	 Y 0.90 59.1 25.8 0.57
Madras	 N 0.61 -53.9 33.8 0.55
Madras	 Y 0.75 -23.9 28.9 0.65
Prineville	 N 0.61 30.3 30.9 0.54
Prineville	 Y 0.76 73.0 36.5 0.57
P-values for split application effect:
Culver 0.001 0.522 0.522 0.048
Madras 0.004 0.293 0.293 0.015
Prineville 0.357 0.433 0.433 0.469
The comparison of topdressing versus basal application of nitrogen Means are of plots that received 70, 140, 210,
and 280 lbs N per acre. Other treatments are excluded after taking out main effects of N, so that the means are
balanced.
'Crude protein predicted by NIBS.

Table 7. Predicted nitrogen requirement using two different methods. The protein N method predicts N use
efficiency will decline at higher yield levels while the N per bushel method predicts nitrogen use efficiency is static
across yield levels.

Yield Goal Protein Goal Nitrogen per bushel method' Protein nitrogen per acre method2
(bu/ac) (%) (lb/ac) (lb/ac)

70 14 196 132
80 14 224 177
90 14 252 222
100 14 280 267
110 14 308 312
120 14 336 356
130 14 364 401
140 14 392 446

'Figuring 2.8 lbs/bu.
2See Figure 3 for explanation.
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Prineville
Variety: Express

210 lbs initial NO3

0
40
70
70
140
140
210
210
280
280

nitrogen harvest index, end-of-Table 8. Nitrogen basal rate and topdress nitrogen rate effect on canopy nitrogen,
season NO3, and harvest index results for Culver, Madras, and Prineville, OR

Applied
Nitrogen	 Topdress

(40 lbs)

Canopy
Nitrogen

Nitrogen
Harvest Index

End-of-Season
NO,

Harvest
Index

°b/ac) (lb/ac)

82.1 0.59 18.4 0.42

91.8 0.86 21.1 0.58

111.0 0.73 18.8 0.55

99.2 0.88 19.6 0.59

152.2 0.81 19.8 0.55

120.1 0.93 20.0 0.55

223.4 0.71 25.3 0.49

160.8 0.97 25.3 0.59

265.4 0.59 34.5 0.47

224.3 0.81 38.5 0.55

159.8 0.78 24.4 0.53

41.5 0.22 7.2 NS

16 14 17 16

299.5 0.57 18.6 0.54

296.8 0.60 27.1 0.54

303.7 0.63 20.5 0.56

272.8 0.72 18.7 0.60

335.1 0.61 23.8 0.59

323.1 0.71 30.5 0.64

383.0 0.59 45.6 0.52

341.1 0.82 31.0 0.72

422.8 0.59 45.1 0.56

406.8 0.74 35.4 0.63

343.0 0.67 29.9 0.60

NS NS 17.7 NS

20 18 35 16

182.7 0.57 22.8 0.52

206.2 0.53 34.6 0.46

248.3 0.65 21.1 0.50

157.0 0.88 44.4 0.72

319.3 0.63 29.3 0.58

294.2 0.52 28.2 0.46

347.4 0.62 44.5 0.57

326.2 0.66 43.7 0.56

380.1 0.55 28.7 0.51

324.8 0.67 29.8 0.61

286.7 .63 32.5 0.55

104 NS NS NS

22 26 53 0.25

MEAN
LSD (0.05)
CV (%)
Initial soil nitrates were sampled from the top two feet of the soil profile. The statistical analysis treated each level
of applied N by split application as a discrete treatment without analysis for main effects. This was done because
the control and the 40 lb topdress treatment would otherwise unbalance the statistical analysis.

Culver
	

0
	

N
Variety: Hank
	

40
	

Y
611bs initial NO3	 70

	
N

70
	

Y
140
	

N
140
	

Y
210
	

N
210
	

Y
280
	

N
280
	

Y

MEAN
LSD (0.05)
CV (%)

Madras
	

0
	

N
	Variety: Yecora Rojo

	
40
	

Y
	166 lbs initial NO3	 70

	
N

70
	

Y
140
	

N
140
	

Y
210
	

N
210
	

Y
280
	

N
280
	

Y

MEAN
LSD (0.05)
CV (%)

-192-



Table 9. Season-ending nitrate-N results for the 0-12 inch, 12-24 inch, and 0-24 inch soil depth for all of the
nitrogen treatments at the Culver, Oregon site.

N Treatment 1 2 3 4 5	 6 7 8 9 10

Soil Depth (lb NO3 per acre)

0-12" 10.1 12.9 10.6 11.7 11.3 12.3 14.6 14.5 20.5 24.6

12-24" 8.3 8.3 8.2 7.9 8.4 7.6 10.7 10.8 14.0 13.9

Total (0-24") 18.4 21.2 18.8 19.6 19.7 19.9 25.3 25.3 34.5 38.5

Table 10. Season-ending nitrate-N results for the 0-12 inch, 12-24 inch, and 0-24 inch soil depth for all of the
nitrogen treatments at the Madras, Oregon site.

N Treatment	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Soil Depth	 (lb NO3 per acre)------ -

0-12"	 12.1	 16.4	 12.3	 12.3	 15.5	 22.0	 27.9	 17.0	 30.9	 25.1

12-24"	 6.5	 10.7	 8.2	 6.4	 8.3	 8.5	 17.7	 14.0	 14.2	 10.3

Total (0-24")	 18.6	 27.1	 20.5	 18.7	 23.8	 30.5	 45.6	 31.0	 45.1	 35.4

Table 11. Season-ending nitrate-N results for the 0-12 inch, 12-24 inch, and 0-24 inch soil depth for all of the
nitrogen treatments at the Prineville, Oregon site.

N Treatment	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

Soil Depth	 ------------------ - - ----	 NO3 per acre) -

0-12"	 12.7	 19.8	 13.9	 23.8	 16.0	 15.5	 25.7	 22.6	 16.2	 16.9

12-24"	 10.1	 14.8	 7.3	 20.6	 13.3	 12.7	 18.8	 21.0	 12.5	 12.9

Total (0-24")	 22.8	 34.6	 21.2	 44.4	 29.3	 28.2	 44.5	 43.6	 28.7	 29.8
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DRIP IRRIGATION OF SEED CARROTS IN CENTRAL OREGON:
PRELIMINARY DATA ON THE EFFECT OF IRRIGATION THRESHOLD ON SEED

YIELD

Peter Sexton, Claudia Campbell, Rhonda Bafus, Fred Crowe, and Clint Shock

Introduction

Drip irrigation of carrot seed may offer benefits in terms of increased yield of pure-live-seed,
decreased disease pressure, and decreased water and fertilizer use. Carrot seed is an important
crop in central Oregon. For this reason, work was initiated with seed carrots to observe potential
benefits of drip irrigation and to familiarize experiment station personnel and area farmers with
drip irrigation. This is a work in progress so only preliminary data will be presented in this
report. At the end of the coming season we will have 2 years of data, and analysis for seed-borne
diseases in hand for a more thorough analysis.

Methods

Hybrid carrots were sown on 17 August 1999. Four female rows were alternated with two male
rows with one blank row between the female and male rows. Drip tape (Rainbird, R-095132-65-
25, delivers 0.25 gal/min/100 ft.) was shanked in 4 inches below and 2 inches to the side of each
row ahead of planting. All plots were watered with the drip system. Plots were all watered
uniformly in the fall at an irrigation threshold of -60 kPa as measured with granular matrix
sensors (Watermark, Irrometer Corp., Riverside, CA). Treatments of -15, -30, -60, -90, and -120
kPa irrigation thresholds were imposed the following spring starting April 20. Three watermark
sensors were placed at a depth of 8 inches and read thrice weekly. Plots were irrigated for an 8-
hour set whenever the soil water potential came within 10 percent of the irrigation threshold. For
comparison a sprinkle irrigated plot was maintained near the drip irrigated plots. The sprinkle
irrigated plot was watered at a threshold of -60 kPa.

Twenty feet of the inner female rows were hand-harvested for seed yield as the plots matured in
September of 2000. Whole plants were uprooted, placed in large polyethylene bags, and allowed
to dry before being threshed in a stationary thresher. Weight per seed was determined from 100
seed counts and germination counts were made according to AOSA standards for carrot.

Results and Discussion

Average irrigation frequency for the months of May and June is shown in Figure 1. Seed yield
per plant declined with irrigation threshold (Fig. 2). However, because plant population tended
to be higher in the drier treatments, seed yield per acre was not very sensitive to irrigation
threshold in this study (Fig. 3). Note that the drip irrigated plots had numerically greater yields
than did the nearby sprinkle plot. Within the drip plots, germination percentage tended to be
greater at the extremes and less in the middle of the range of irrigation thresholds (Fig. 4). Seed
from the drip area had numerically greater germination rates than did seed from the sprinkle area.
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Figure 1. Applied water from early May
through mid-August for each treatment in
a drip irrigation trial where irrigation
threshold was varied from -15 to -120
kPa soil water potential. The trial was
conducted at the Madras experiment
station in 2000 with seed carrots. Values
for a sprinkle check plot are shown with a
dotted line.
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Figure 2. Seed yield per plant versus
irrigation threshold for seed carrots
grown at the Madras experiment station
in 2000. The data for sprinkle irrigation
was gathered from a nearby sprinkle plot
irrigated at -60 kPa.
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Figure 3. Seed yield per acre versus irrigation
threshold for seed carrots grown at the Madras
experiment station in 2000. The data for
sprinkle irrigation was gathered from a nearby
sprinkle plot irrigated at -60 kPa. Plant
population tended to be greater in the drier
plots, compensating for the lower seed yield per
plant in those plots.
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Figure 4. Seed germination versus
irrigation threshold for seed carrots
grown at the Madras experiment
station in 2000. The data for
sprinkle irrigation was gathered
from a nearby sprinkle plot
irrigated at -60 kPa.
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