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UPDATE, 1994

CENTRAL OREGON AGRICULTURAL RESEARCH CENTER

Fred Crowe

At a time when the public is questioning its investment in all governmental services, it seems
appropriate to provide some local justification for support of our local agricultural research
center.

I remind readers that our audience is diverse. Whereas, our clientele broadly includes all
Oregonians, our primary mission is to conduct research of interest to agriculture in central
Oregon. This may include short-term or annual projects such as variety evaluations of cereal
crops, or may include long-term projects such as evaluating influence of cultural practices or
fertility levels on perennial crops such as peppermint, grass seed, alfalfa, and some forages. Some
of our research is routine. Some deals with current issues such as smoke management of burned
grass seed residue and water usage and quality. Roughly two-thirds of our research is on the two
University farms in central Oregon at Madras and Powell Butte, and approximately one-third
takes place on commercial fields in the region that offer particular situations that do not exist or
cannot be easily contrived on the University farms. Additional missions include providing a long-
term data base for research information in the form of reports such as this one and in other
publications. Additionally, we provide a location for collection of meteorological information in
this region, and cooperate in this data generation with the various irrigation districts, local and
regional power companies, the U.S. Bureau of Reclamation, the OSU Extension Service, and
others. We maintain one of many northwestern aphid monitoring stations, cooperating with other
institutions and agencies in predictions of regional and local outbreaks of economically damaging
populations of various aphids. Scientists from OSU and other universities, from the USDA, or
from private industry often use our facilities to conduct research of interest locally, regionally, or
even nationally. In many of our own research programs there are regional and national
implications, in addition to local ones.

Many in agribusiness find us useful simply because we can advance-test new varieties, cultural
practices, equipment designs, or other things or techniques on a near-commercial scale.
Therefore, the farmer, seedsman, or other commercial person does not have to take the risk of
commercial failure if the product or technique does not work out. The trade off, of course, is that
such advance testing takes time, and when the University does it, the information usually becomes
publicly available.

An example of the advantage provided by advance testing can be seen in the annual reports of this
unit from this year and last year entitled "Field performance of peppermint plants regenerated
from meristem tip culture, and evaluation of virus infection." When meristem tip cultured
peppermint first became commercially available a few years ago, growers reasonably assumed that
the vigorous growth would translate into increased oil production. Thousands of acres of the
presumed virus-free peppermint were planted in several states (some in Oregon) prior to any



formal comparative field testing, either privately or publicly. The Oregon Mint Commission
charged this unit with determining the relative merit of the meristemmed mint compared to non-
meristemmed mint common in the industry. In fact, we have determined that an apparent virus
was eliminated from this peppermint by the meristem tip culture process, and the virus-free mint
does indeed grow more vigorously. Unfortunately, as growers have experienced and as we
formally demonstrated in small field plot comparisons, the increased growth and vigor of the
presumed virus-free peppermint has resulted in less oil and increased distillation costs when the
crop is grown in the traditional manner. Research and observations by scientists in central Oregon
and Montana suggest that by managing the virus-free material differently, virus-free peppermint
may perform acceptably, but this remains to be consistently demonstrated. Future research also
may be required to determine whether virus-free plants become reinfected, and how such
reinfection may occur and be managed.

There are certainly other examples of growers who have helped develop new markets without
directly involving University testing, and where speed and risk-taking paid off in capturing the
market for this region. Examples include the relative success of several specialty crops in central
Oregon. In most cases, some of this success relied on past research conducted elsewhere in this
country or somewhere else in the world, and these crops were grown with modifications based on
past research. And there have been failures in the specialty crop ventures, too. For most of these
crops, the University has assisted where it could in providing available information, suggestions,
diagnoses for disease and insect problems, etc. And in some cases, we have been able to assist by
providing small research efforts.

In 1994, some local growers became convinced that sugar beets could be successfully raised in
central Oregon. A sugar beet company somewhat cautiously located several test plantings in this
area in cooperation with our University research unit, and a report on these plantings is included
in this set of annual reports under the title "Sugar beet production in central Oregon in 1994."
The 1994 data strongly suggests that sugar beet production would be competitive with beet
production in other regions, and likely would be competitive with other crops in central Oregon,
depending on contract prices. Water availability in 1995 and local sugar beet water usage
requirements are not well established at this writing, but growers and sugar companies both can
now negotiate in good faith with some expectation that the crop can indeed do well here. What if
the 1994 data instead had not supported economic production of sugar beets in central Oregon,
and what if many growers had planted many acres and the sugar companies had relied on a
reasonable level of production without prior testing? Was the cautious approach justified or a
waste of time?

In the future, local and regional producers may enjoy the advantages of genetically engineered
crops, such as potatoes, that resist virus disease because of altered gene structure manipulated at
Oregon State University and elsewhere. At this time, the COARC is initiating potato seed
production of these altered potatoes which will be included in future variety performance trials
and field testing for virus resistance throughout the northwest. Reports on this advance testing
may be a few years away, but the state government, the federal government and private industry
all are investing in the likely payoff of these new materials, on potatoes and many other crops.



Consumers also will enjoy the outcome this research in the form of higher product quality and
lowered production and retail costs.

Of the total COARC budget in 1994, roughly one-half was provided by state general funds and
lottery funds, together with some federal funds, passed down to this unit through University
channels. Nearly all of this source was invested in salaries and benefits for permanent scientific
and classified staff. Roughly one-fourth of the total budget included non-tax research grant funds
provided directly by Oregon farmers through fees assessed through their various commodity
associations, or provided directly by private industry. Roughly one-fourth were specific grant
funds provided by several state and federal agencies, and the ultimate source of these funds would
have been from user fees, lottery earnings, and/or taxes. For example, our research on
alternatives to open field burning of grass seed residue and on grass seed ergot control in the
absence of open field burning (both reported here) were supported by grant funds from the
Oregon Department of Agriculture. These ODA grant funds were raised by fees assessed to grass
seed farmers on every acre of burned cropland and were not a general tax source from the general
public. Our research on potato varietal development is primarily federal money (taxes allocated
by congress for national potato research and administered by the USDA), along with some
Oregon potato commodity funds (i.e. grower fees). In essentially all cases, the state may be
considered to be providing the basic facilities and salaries of permanent workers as a match to
granted funds. Of course, in central Oregon, the local community provided a share of investment
in the local facilities and farmland.

Economic analyses of public agricultural research in Oregon and nationwide indicate a return to
industry and consumers of several times the investment in such research. We hope that the
citizens of Oregon continue to support our research efforts at this unit and at Oregon State
University generally, and that we can continue to justify their investment. We hope that all of the
annual reports of research progress included in this publication are useful in this sense.

Station Staff in 1994

State-supported staff:

Dr. Fred Crowe, Superintendent, and Associate Professor of Botany & Plant Pathology

Dr. Alan Mitchell, Assistant Professor of Crop & Soil Science (75% research and 25%
extension on soil and water issues)

Mylen Bohle, Assistant Professor, Crook County Extension (75% extension and 25%
research on forages)

Marvin Butler, Assistant Professor, Jefferson County Extension (75% extension and 25%
research on mint, grass seed and specialty crops)

Steve James, Senior Research Assistant (75% research and 25% extension of potatoes)



Dale Coats, Research Assistant

Pat Foltz, Bio-Science Research Supervisor

Sylvia McCallum, Bio-Science Research Technician

Peter Tomseth, Bio-Science Research Technician

Kelli Muskopf, Office Coordinator

Other staff, supported on grant funds:

Neysa Farris, Research Assistant

Joy Light, Research Assistant

Margie Durette, Student Technician

Kyle Turner, Student Technician

Todd Earnest, Student Technician

Kathryn Bozarth, Student Technician

Jeremy Jacks, Student Technician
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OCT

AIR TEMP (T)

NOV	 DEC JAN

Madras, Oregon
1994 Water Year
(source AgriMet)

FEB	 MAR APR MAY	 JUN	 JUL AUG SEP

AVE. MAX. TEMP.	 65 43	 41 48 45	 57 62 69	 74	 88 83 79
AVE. MIN. TEMP.	 40 21	 29 30 27	 31 38 44	 45	 52 49 48
MEAN TEMP.	 52 32	 35 38 36	 44 50 56	 60	 71 67 63

AIR TEMPERATURE (No. of Days)
MAX. 90° OR ABOVE	 0 0	 0 0 0	 0 0 0	 2	 13 7 1
MAX. 32° OR BELOW	 0 6	 7 1 2	 0 0 0	 0	 0 0 0
MIN. 32° OR BELOW	 4 23	 21 21 23	 20 4 1	 0	 0 0 0
MIN. 0° OR BELOW	 0 4	 0 0 0	 0 0 0	 0	 0 0 0

GROUND TEMPERATURE (°F at 4")
AVE. MAXIMUM	 54 41	 39 40 37	 44 52 56	 60	 66 65 61
AVE. MINIMUM	 51 38	 37 38 36	 42 49 54	 57	 63 62 59

GROUND TEMPERATURE (°F at 8")
AVE. MAXIMUM	 54 42	 40 40 38	 44 51 55	 60	 65 64 61
AVE. MIMIMUM	 53 41	 39 39 37	 43 49 54	 58	 63 63 60

PRECIPITATION (inches)
MONTHLY TOTAL	 0.28 0.37	 0.44 0.38 0.25	 0.69 1.45 0.69	 0.73	 0.17 0.03 0.29

EVAPOTRANSPIRATION (inches)
AVE. PER DAY	 0.11 0.05	 0.13 0.04 0.06	 0.10 0.15 0.21	 0.27	 0.36 0.29 0.21

WINDAGE (miles)
AVE. PER DAY	 92 99	 151 120 176	 152 157 152	 142	 150 137 133

SOLAR RADIATION (langleys)
AVE. PER DAY	 217 151	 597 652 182	 320 432 512	 592	 615 551 385

HUMIDITY (percent relative humidity)
AVE PER DAY	 68 72	 81 78 70	 60 64 60	 56	 42 52 51

Last Date Before First Date After Total Number of Days
GROWING SEASON July 15 July 15 Between Temp. Min.
AIR TEMP. MIN.

32° or below May 1, 1994 Oct. 12, 1994 163
28° or below April 4, 1994 Oct. 13, 1994 191
24° or below March 26, 1994 Nov. 3, 1994 221



OCT NOV	 DEC JAN

Powell Butte, Oregon
1994 Water Year
(source AgriMet)

FEB	 MAR	 APR MAY	 JUN	 JUL AUG SEP

AIR TEMP (°F)
AVE. MAX. TEMP.	 64 46	 43 49 45	 55 59 67	 73	 85 80 77
AVE. MIN. TEMP.	 36 19	 29 29 24	 28 35 40	 41	 47 44 43
MEAN TEMP.	 50 32	 35 39 35	 42 47 53	 58	 68 63 60

AIR TEMPERATURE (No. of Days)
MAX. 90° OR ABOVE	 0 0	 0 0 0	 0 0 0	 0	 7 2 0
MAX. 32° OR BELOW	 0 3	 2 1 2	 - 0 0 0	 0	 0 0 0
MIN. 32° OR BELOW	 10 24	 22 21 24	 23 12 4	 2	 0 0 0
MIN. 0° OR BELOW	 0 4	 0 0 1	 0 0 0	 0	 0 0 0

GROUND TEMPERATURE (°F at 4")
AVE. MAXIMUM	 n/a n/a	 43 50 36	 43 51 58	 63	 68 69 63
AVE. MINIMUM	 n/a n/a	 27 30 35	 40 46 53	 57	 61 62 57

GROUND TEMPERATURE (°F at 8")
AVE. MAXIMUM	 n/a n/a	 47 52 36	 42 49 56	 61	 65 65 60
AVE. MIMIMUM	 n/a n/a	 23 27 36	 41 47 54	 58	 62 61 57

PRECIPITATION (inches)
MONTHLY TOTAL	 0.21 0.11	 011 0.04 0.15	 0.12 0.87 0.78	 0.41	 0.07 0.04 0.67

EVAPOTRANSPIRATION (inches)
AVE. PER DAY	 0.13 0.09	 0.06 0.06 0.06	 0.10 0.14 0.19	 0.26	 0.32 0.26 0.19

WINDAGE (miles)
AVE. PER DAY	 81 103	 138 111 124	 124 127 117	 111	 101 91 90

SOLAR RADIATION (langleys)
AVE. PER DAY	 251 170	 95 134 181	 307 389 478	 558	 593 540 389

HUMIDITY (percent relative humidity)
AVE PER DAY	 64 64	 73 69 68	 57 64 63	 55	 41 54 52

Last Date Before First Date After Total Number of Days
GROWING SEASON July 15 July 15 Between Temp. Min.
AIR TEMP. MIN.

32° or below June 16, 1994 Oct. 3, 1994 108
28° or below May 1, 1994 Oct. 4, 1994 155
24° or below April 4, 1994 Oct. 13, 1994 191



EVALUATION OF PEPPERMINT VARIETIES AND ADVANCED BREEDING LINES
IN CENTRAL OREGON1

Fred Crowe

Abstract

In 1994, three commercially available MIRC peppermint varieties ('Black', 'Todds', and redefined
'Murray') and three MIRC advanced peppermint selections (T84-5, M83-5, and M83-7) were
established from rooted cuttings in two adjacent randomized block experimental design trials at
the Madras research farm of the OSU-COARC. This was the first irrigated crop on this land,
which is predominately free of infestation with Verticillium dahliae. In the fall, winter, or spring
of 1994-95, plots in one of the trials will be uniformly infested with inoculum of V. dahliae
estimated to cause moderately severe wilt on moderately tolerant varieties such as 'Todds', and
very severe wilt on very susceptible varieties such as 'Black'. Trials will be maintained for several
years and varieties and selections will be evaluated for comparative plant vigor, disease and insect
damage, hay and oil yield, and oil composition. Few data were gathered during this establishment
year, but comparisons of (a) transplant establishment success under adverse weather conditions,
(b) of stem breakage frequency (a problem found on rooted cuttings and first year planting in
central Oregon), and (c) of fall incidence of powdery mildew are reported below.

Introduction

Evaluation of advanced breeding lines of peppermint (Mentha piperita) at the Central Oregon
Agricultural Research Station (COARC) was initiated in 1994, in cooperation with comparable
field evaluations at other locations in Oregon and other states. Advanced lines from the plant
breeding program funded by the Mint Industry Research Council (3) were utilized. This
coordinated effort provides for independent, public field evaluation of advanced selections.
Advantages include (a) use of established varieties as experimental controls for comparisons
between and among new releases and advanced selections, (b) use of replicated and randomized
trial experimental designs which would statistically remove potential confusion due to test plot
positional variability associated with soil types or many other factors, (c) simplified field testing
for varietal performance with and without verticillium wilt, the dominant factor in the breeding
effort, and (d) improved public visibility and access of varietal comparisons. Because the
distribution of the wilt pathogen tends to be highly erratic with fields, replication and
randomization is necessary for wilt resistance evaluation. Providing a uniform artificial
background of infestation should further improve comparisons among varieties.

This multistate variety evaluation in progress is a first attempt to provide coordinated,
independent and scientifically sound evaluation of new lines and varieties found to be promising in

'This research was supported by a grant from the Oregon Mint Commission and the Mint Industry Research
Council.
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breeding efforts. In the future, such field evaluation may include plant materials derived from
biotechnology or other sources.

Materials and Methods

Variety evaluations were planned as two paired, randomized, complete block experimental trials
with four blocks in each trial. The variety trial area at the COARC has no history of mint,
potatoes, or other irrigated crops, and the soil is relatively free of Verticillium dahliae, the wilt
pathogen. One of the paired trials will receive a uniform infestation of inoculum of V. dahliae at
the time that plots are rototilled to better distribute rhizomes. The other trial will remain without
infestation, but will be tilled to distribute roots. Rototilling will be at about 6-inch depth, and
timing of this operation will depend on soil moisture status in the fall/winter/spring of 1994-95.
The amount of inoculum distributed will be roughly equivalent to 2-5 microsclerotia/gm soil,
based on preliminary testing in central Oregon with the moderately tolerant variety 'Todds'
(Crowe, 1993). This rate will most likely result in the rapid wilt out of the 'Black' variety, but
such a process is part of the reason for including these standard varieties within the experimental
design. From our experience at Powell Butte, cross contamination among plots can occur, but
this can be greatly contained and controlled by sanitation of equipment (e.g. washing with a
pressure washer) before and after entering infested plots, use of solid set irrigation so that hand
lines are not moved across plots frequently, and general control of foot traffic and equipment.
The tillage operation will be managed in a manner to avoid moving either inoculum or rootstock
between plots.

Paired trial areas were separated by 40 feet. Plots were planted on June 7, 1994, with rooted
cuttings provided the previous day by Plant Technologies, Inc. Plot sizes and orientations were
constrained by the plant numbers available, the irrigation system, and available equipment.
Rooted cuttings were spaced 12 inches apart within planted rows which were 20 inches apart; five
planted rows run lengthwise within a plot 8 1/3 feet wide x 20 feet long. Unplanted alleys 5 feet
wide were located between plots and there were 10 feet between plot ends.

The trial area was irrigated with solid set irrigation. In 1994 and in future years, mint in this trial
will be managed as per accepted local practices for fertility, weed control, irrigation, and other
management practices. In 1994, plots were hand-weeded on July 11 and 18. Plots were fertilized
(600 lb/a 16-16-16) on July 11, and a half rate (1 lb/a product) of the herbicide Sinbar was applied
on July 17.

Although soil moisture was optimal at planting on June 7, the weather quickly became very windy
for the next week, to the extent that irrigation was precluded. A number of rooted cuttings failed
during this period. On June 25, it was determined that initial transplants had either established or
failed. Re-plants were requested from Plant Technologies, Inc., to fill in gaps in plots. On July
18, re-plants of 'Black, 'Todds', and 'Murray' were received as rooted cuttings, and re-plants of
'M-83-7' and 'T-84-5' were received as 4-inch rhizome sections of mother bed roots. These were
planted on July 19. Rooted cutting re-plants of 'M-83-5' were received and planted on August 9.

4



Trials were not harvested in 1994, due to irregular growth related to original stand variability and
different sizes of re-plants. Notes were taken periodically on growth and other factors and are
reported under Results. Data was analyzed by analysis of variance. Because the paired trial to be
infested with V. dahliae had not yet been infested, analyses in 1994 were conducted as if there
were only one trial with eight blocks.

Results and Discussion

Original establishment represented by the mean percentage of successfully transplanted rooted
cuttings is listed in Table 1. As the original set of rooted cuttings used were somewhat uniform in
appearance and age, these data may reflect differences in ability to establish under dry, windy
conditions, but over interpretation of these data should be avoided without more experience.

A stem breakage problem of undetermined cause has been noticed in central Oregon for several
years, and was observed within the variety trial. This problem seems common on rooted cuttings
in which a strong, central stem develops, and sometimes has been seen on first-year growth on
plants established from rhizomes. Such stem breakage always develops at or just above the
ground line, on plants which have developed extensive top growth above the break. A bacterial
fermentation later develops in the break, and the top growth above the break eventually dies.
Such breakage is nearly always seen after plants are well rooted, and new top growth develops
from the established plant below the break. This new growth does not develop stem breakage, as
the subject plant and its neighbors become bushier, more protective and have fewer dominant,
exposed stems. Although it generally occurs at low frequency (less than 1 percent), it has
occasionally been more abundant (as much as 5-7 percent) in some new stands. The principle
investigator tentatively attributes the damage to wind-whipping of exposed plants which are
relatively unprotected from adjacent mint growth. In the variety trial, no such breakage
developed on re-plants which were substantially smaller than the original transplants, but it was
present in the original planting. In Table 1, the mean percentage of original stand which
developed such stem breakage is listed. The real importance of these observations is uncertain.
Given the relatively exposed aspect of the mint in small variety trial plots, such stem breakage
may be more pronounced in this trial than in most commercial fields.

Powdery mildew developed in late fall in the trial area. Mean percentage foliage covered by
powdery mildew on October 8 appears in Table 1.

In general, plots were established as planned, although initial erratic stands with several varieties
forced re-planting and precluded harvest data for 1994. Following re-planting during 1994 and
tillage prior to spring of 1995, stands should be full in the spring of 1995 and normal growth and
development is anticipated, along with a full set of performance data. Data gathered in 1994 may
be of interest. However, except for the powdery mildew rating, the stand and stem breakage data
likely relate to normally minor problems with new plantings only. Future data will need to be
coordinated with that gathered in cooperative trials in other states.
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Table 1. Mean initial transplanting success, main stem breakage, and powdery mildew ratings for
six varieties or lines of peppermint planted at Madras, Oregon, in 19941

Mean Main Stem	 Mean Powdery
Variety/Line of	 Stand of Initial	 Breakage of Initial	 Mildew Fall Field
Peppermint	 Transplants (%) 2	Transplants (%)3	Rating (%)4

Redefined Murray	 82.4b	 1.4d	 9.4g
Todds	 78.3b	 3.8e	 3.1f
Black	 66.7bc	 2.6e	 22.4h
M83-5	 65.7c	 3.7e	 5.0f
M83-7	 60.4c	 3.8e	 11.3g
T84-5	 91.9a	 4.4e	 5.0f

1. Means are averages of eight replications. Data followed by the same letters are not statistically
different (p<0.05).
2. Mean percentage of successful transplants as determined on June 25, 1994, following initial
planting on June 7, 1994. In the week after planting, original transplants experienced heavy,
drying winds.
3. Mean percentage of plants from initial planting June 7, 1994, which developed broken main
stems by October 10, 1994.
4. Mean percentage of foliage covered by Powdery Mildew on October 10, 1994.
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EVALUATION OF PEPPERMINT FIELD PERFORMANCE FROM PLANTS
REGENERATED FROM MERISTEM TIP CULTURE, AND INVESTIGATIONS OF

VIRUS INFECTION'

Fred Crowe, Steven Lommel, and Alan Mitchell

Abstract

In 1994, its second full production year, field-grown meristemmed 'Black Mitchum' peppermint
performed differently than in 1993, when compared with a non-meristemmed treatment in a field
trial at the OSU-COARC. The difference between years may be partly attributed to better
meeting the fertility and soil moisture needs of meristemmed plants in 1994. Plants were not
moisture-stressed near harvest, and plots were fertilized according to stem and soil nitrate levels.
Both visual ratings and detailed measurement of plant growth indicated little difference in the
growth and growth habit between meristemmed and non-meristemmed plants in 1994.
Nevertheless, in 1994, plants in meristemmed plots required supplementary nitrogen, whereas in
1993 they became nitrogen deficient, which may have contributed to reduced oil production,
enhanced stem mass over leaf mass, reduced branching, etc., in 1993. In 1994, when yield
performance was compared without the influence of rolling, oil yield was 9 percent greater in the
meristemmed treatment an early harvest in late July than in non-meristemmed treatment, but two
weeks later in early August, oil yield was 20 percent greater in non-meristemmed mint than in
meristemmed mint. Harvested biomass of meristemmed mint was 20 percent and 7 percent
greater than the biomass of non-meristemmed mint at each harvest date. Nevertheless, due to
variability in data, none of these difference were statistically significant (P<0.05). Based on 1993
observations, half of all plots were rolled in late June, theoretically to induce branching and
enhance more foliage production on meristemmed plants. Whereas rolling resulted in many
measurable and statistically significant growth changes in plants (P<0.05), these were not
necessarily greater branching, increased leaf number or size, or enhanced oil yield. For the
meristemmed treatment, rolling significantly reduced both oil yield and biomass (P<0.05) for both
harvest dates compared to the non-rolled meristemmed treatment. For the non-meristemmed
treatment, rolling significantly enhanced yield at the early harvest date (P<0.05), but significantly
reduced oil yield at the later harvest date (P<0.05), but the effect on biomass was negligible for
both dates. It is recommended that future management of meristemmed peppermint focus on the
potential advantages of early harvest, rather than rolling.

Molecular biological analyses indicated that non-meristemmed 'Black Mitchum' peppermint taken
from the COARC field trial contained a double-stranded RNA (dsRNA) entity which was not
found in meristemmed 'Black Mitchum' peppermint taken from the same trial. Such dsRNA is

'This research was supported by a grant from the Oregon Mint Commission and the Mint Industry Research
Council.
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typical of single-stranded RNA virus replication. When plant sap from either meristemmed or
non-meristemmed plants was rubbed into a range of indicator plant species, sap from non-
meristemmed plants produced local lesions on several species, whereas sap from meristemmed
plants produced no such symptoms. Such results further suggest the presence of a virus in non-
meristemmed plants. No virus has yet been characterized, and it has not yet been proved that the
putative virus is responsible for differences in growth and field performance measured in 1993 and
1994.

Introduction

Meristem tip culture (also called shoot tip culture) of plant materials was formalized in the 1950's
and 1960's. In this process, a few cells from a growing point (meristem) of a plant together with
cells from the first one-or two-leaf primordia below it are excised from a "mother" plant prior to
development of the conductive tissues in the leaf primordia. A new plant is then regenerated from
these excised cells, usually with the assistance of added plant hormones (Murashige and Skoog
1962). Some initial differentiation of cells in the leaf primordia is required, but maturity of tissues
is not desired. Plants regenerated in this manner retain the genetic identity of the mother plant,
but all or most systemic pathogens, such as viruses and certain bacteria and fungi commonly
associated with mature vascular tissues, can be excluded (Wright 1988). This process works
because the mature vascular tissues allow long-distance transport of water and nutrients around
the plant and also provide the avenue for rapid and long-distance movement of the systemic
pathogens.

Meristem tip culture has proven most beneficial for development of pathogen-free planting
materials for vegetatively propagated crops (bulbs, cloves, tubers, corms, crowns, rootstock, etc.)
in which vascular pathogens commonly are retained in the planting material from generation to
generation. In most cases, when vascular pathogens are so eliminated, plant materials respond by
growing without disease symptoms and/or with greater vigor. It should be understood that many
viruses manifest no outward symptoms other than a reduction of plant vigor. Not uncommonly, if
increased vigor results following meristem tip culture, this is circumstantial evidence for presence
of a vascular pathogen in the stock from which meristem tip cultured plants were derived, even
when clear disease symptoms were not apparent.

There are potential complications with selection and handling of the excised cells which
theoretically could upset the genetic stability normally desired with meristem or shoot tip culture.
Normally, if care is taken to excise leaf primordia along with the meristem, then there is little
worry about genetic changes in the regenerated plants compared to the mother plant, but such
excision can be a delicate procedure. In the process of avoiding differentiated vascular tissues,
there is some risk of excising only the meristem cells, or only leaf primordial cells, rather than the
two together. Usually if this is done, plants fail to regenerate when handled in a manner which
favors normal meristem tip culture. There is a small possibility that meristem cells or leaf
primordial cells alone may form undifferentiated callus, survive the culture conditions, and then
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proceed to form a somatic embryo. If plants eventually are regenerated from the undifferentiated
callus and somatic embryo, these normally will also be genetically identical to the mother plant.
Sometimes plants which pass through the somatic embryo stage may exhibit temporary growth
differences from the mother plant type (based on hormonal imbalances), which may eventually
disappear. However, somatic embryos may also sometimes exhibit permanent genetic changes
due to chromosomal aberrations or changes in ploidy, such as increases in the number of full sets
of chromosomes (Caligari and Shohet 1992). [Such genetic changes may be intentionally induced
with other treatments of plant cells, such as somoclonal variation techniques, so that fresh genetic
types can be selected (Karp 1991).]

In the experience of most meristem tip culture technicians, the likelihood of genetic shifts
occurring with standard meristem tip culture and regeneration procedures is quite small. There is
a much greater likelihood of failure to eradicate known or suspected viruses, as some viruses
seem better able to penetrate beyond the mature vascular tissues, and there is a tendency for the
technician to take too large a cut rather than too small a cut during the excision process. When
viruses are well identified, every plant regenerated after meristem tip culture needs to be tested to
verify virus eradication prior to use of the plants as propagative stock.

This research project was developed in response to observations that 'Black Mitchum' peppermint,
which had been commercially meristem tip cultured in Montana, was growing more vigorously
when field planted in Montana in comparison to plantings established from field-grown roots or
non-meristemmed rooted cuttings. A review of the scientific literature indicated that peppermint
and other mint species had been repeatedly meristem tip cultured and regenerated in various
laboratories around the world, following standard practices for inducing roots and shoots in
culture (Holm et al 1989, Geslot et al 1989, Mariska et al 1987, Repcakova et al 1986, Rodov
and Davidova 1987). None of these reports indicated a growth enhancement following this
procedure. None of these investigations used standard commercial U.S. varieties.

Results from the 1993 OSU-COARC field trial (Crowe 1994) verified that commercially
developed 'Black Mitchum' peppermint grew and yielded in the field much differently after
meristem tip culture and regeneration than did plants of the this same variety which were not
manipulated in this manner. However, under normal management, the relative vigor resulting
from meristem tip culture did not immediately result in improved oil yields. Instead, plants which
were meristem tip cultured grew more vigorously and developed greater total dry weight by
harvest, but most of this weight was in stem growth rather than in leaves which bear the great
majority of the oil glands. Meristemmed plants may have been over-mature at harvest. It is
logical to assume that with adjusted management, the increased vigor in meristemmed plants
might be channeled differently, perhaps into greater leaf area, leaf gland number, and oil yields.
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Materials and Methods

Field Performance Trial

The field trial established in 1992 and reported on for 1993 (Crowe 1994) was continued with
some modifications. Rooted cuttings of 'Black Mitchum' peppermint were derived from plants
which had been commercially meristem tip cultured (M plants, specific procedures undefined).
Plants were received from Starkle Farms, Inc., Ronan, Montana. Similarly, rooted cuttings from
non-meristem tip cultured plants (Non-M plants) were obtained from Plant Technology, Inc.,
Albany, Oregon, which was the source of plants from which Starkle Farms developed meristem
tip cultured plants. Planting was on July 1, 1992. In each of 25-foot x 25-foot square plots, 250
rooted cuttings were planted 1 per foot into 10 25-foot opened furrows spaced 2 feet apart. Four
plots of each treatment (M and Non-M) were arranged in a randomized, complete block
experimental design. Plots were separated by 6-foot unplanted alleys. Plots were immediately
irrigated with solid set irrigation, and regularly irrigated and fertilized equally as per commercial
practices through the course of the study. [Growth in 1992 was discounted due to different
handling procedures used by each supplier.] Plots were hand-weeded through the early fall of
1992, at which time a half-rate of Sinbar herbicide was applied. Beginning in 1993, all weed
control, fertility, and irrigation was as per standard commercial practice for the peppermint in
central Oregon. No insect or mite control was required in either 1992 or 1993. Because of the
presence of a trace of verticillium wilt, plots were not fall or spring tilled, but were fall propane
flamed in 1993 and 1994.

In 1994, plots required minimal weed control beyond application of Sinbar herbicide and
occasional hand weeding. Spider mites were treated twice with Comite. Based on soil nitrate and
stem nitrate analyses, meristemmed plots were fertilized more than non-meristemmed plots: All
plots received 200 lb N/a on April 15 and 100 lb N/a on July 7, and meristemmed plots received
an additional 50 lb N/a on May 31 and 100 lb N/a on July 13. Total N was 300 lb N/a for non-
meristemmed and 450 lb N/a for meristemmed plots. Water usage was monitored with soil
gypsum blocks, and water management was determined to be the same for both meristem and
non-meristem treatments. Plots were split into rolled and non-rolled sub-plots on June 29. The
roller consisted of a set of closely spaced tires mounted on a bar pulled by a tractor. Plots were
split again and harvested on July 25 and August 4, which was 3.5 and 5 weeks after rolling,
respectively. In 1994 (in contrast to 1993), plots were irrigated between harvest dates. Main
plots were meristem vs non-meristem treatments, and split plots were rolling vs non-rolling and
the two harvest dates.

At several dates in June, July, and August, 20 plants per plot were sampled randomly and
partitioned so that various data on lengths, nodes, branch and leaf number and distribution, and
weights of various parts could be determined. Plant growth was monitored by partitioning of
plant samples collected in June, July, and August. Data collected included the following:
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1. Length of the main stem.
2. Length of the main stem below the first leaves.
3. Length of the main stem above the first leaves.
4. The number of main stem nodes.
5. The number of main stem nodes below the first leaves.
6. The number of main stem nodes above the first leaves.
7. The number of leaves on the main stem.
8. The node position where the stem bends (following rolling or lodging).
9. Bud development on main stem.

10. The number of branches.
11. The number of branch nodes with leaves.
12. Then number of leaves on all branches.
13. The number of buds on all branches.
14. The number of leaves on the main stem and on all branches.
15. Weight of all branches, stems and foliage.
16. Weight of main and branch stems.
17. Weight of all leaves.

Plots were harvested with a 40-inch-wide plot forage harvester, and sub-samples were collected
for oil distillation in research stills located at the Central Oregon Agricultural Research Center.
Oil was distilled within 10 days of harvest from hay which had been air-dried from about 10
pounds of fresh hay. Distillation was in small research stills, with exit temperature of condensate
held between 110-120° F and as close to commercial procedures as could be followed (Hughes
1952). Oven dry weight of harvested hay was calculated based on the total fresh harvested
weight. Oil samples were collected in small glass bottles, topped off with nitrogen and stored in a
refrigerator until shipped to an oil company for oil compositional analysis. Data were analyzed by
analysis of variance.

Determination of Viral Infection

Established meristem tip cultured plants and non-meristem tip cultured plants from the COARC
field trial were handled as follows to determine whether virus(es) may be present in non-
meristemmed tissue: The primary test was isolation of double stranded RNA (Morris and Morris
1987). Only virus-infected plants contain dsRNA. Also, the distinct dsRNA profile is often
diagnostic for the taxonomic assignment of the virus. Consequently, the simple detection of
dsRNA is proof of a virus infection. This test may be repeated in the fall of 1994 with freshly
meristemmed material from the few successful attempts to regenerate plants at the COARC, and
such data may be available by the time oral reports are presented at the winter meetings of
1994/95. Direct electron microscope examination of the mint tissue (as proposed in 1993) for the
presence of virus-like particles was precluded due to loss of plant stock from powdery mildew in
the humid climate of North Carolina during the summer of 1994. Fresh material was shipped in
the fall of 1994, and additional information may be available by the time of winter oral reports.
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[Electron microscopy is generally quite definitive and the shape of the virus-like particle provides
additional insight as to the type of virus.]

Traditionally, viruses may be determined to be present, and sometimes their identity can be
deduced, by the reaction of a set of other plant species (called an indicator series) when sap of a
plant suspected to be infected is mechanically rubbed into the leaves of the indicator plants
(Hollings 1959). In this case, sap from both meristemmed and non-meristemmed 'Black Mitchum'
from the OSU-COARC field trial was rubbed into such an indicator series.

A general isolation procedure was attempted which partially purifies the virus from the tissues.
This purification is very gentle and works for almost any virus (Lane 1986)). Once purified, the
nucleic acid and protein components of the virion (virus particle) can be studied using standard
techniques. Two such attempts at purifying the virus were not successful. Further attempts to
purify the virus and to pass it from symptomatic (non-meristemmed 'Black Mitchum' with reduced
vigor) to asymptomatic mint plants (meristemmed 'Black Mitchum' with increased vigor) were
aborted as a result of the loss of stock peppermint materials in the greenhouse. As indicated
above, new material is being shipped to continue this and other efforts.

Results

[Data on oil composition from field plots was not available at the time this report was prepared,
but will be available at a later date for future reports.]

Field Performance

In 1993 plants in the meristem treatment appeared taller beginning early in the season and stems
remained upright later in the season compared to the non-meristem treatment. In contrast, in
1994 plants in all plots looked similar throughout the season. Nevertheless, stem and soil nitrates
dropped more rapidly in plots with meristemmed plants than in the non-meristemmed treatment.
Because of this, in 1994 the meristem treatment ultimately was fertilized with 150 lb/a more
nitrogen than the non-meristemmed treatment (450 vs 300 lb N/a), although water usage was
similar (data not shown). As a result, meristemmed plants did not appear nitrogen-deficient at
harvest as they had in 1993. In 1993, water deficiency in the larger, more vigorous meristem
plants was partly associated with higher water demand of these plants together with an extended
drying period during a three-harvest sequence. In 1994 plots were irrigated between the two
harvests, soil did not dry excessively, and the comparable growth of meristem plants suggested
little differential transpiration losses between treatments.

Over all treatments, 1994 plot yields averaged 59.5 lb oil/a. Treatment averages for meristem vs
non-meristem treatments, rolling vs non-rolling treatments, and harvest July 25 vs harvest August
4 treatments are not shown here. This is due to either non-statistical significance of treatment
differences, or because extensive interactions among treatments require that all treatment
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combinations be considered at the same time. Accordingly, mean oil yields are shown in Figure 1,
and mean dry hay weight yields are shown in Figure 2 for all meristem X rolling X harvest date
combinations.

Ignoring the effects of rolling, the early harvest date favored meristemmed mint over non-
meristemmed mint by about 9 percent for oil (Figure 1: 64.3 vs 59.5 lb oil/a, respectively), with
about 21 percent more dry hay was produced in the process in meristemmed vs non-meristemmed
plots (Figure 2: 7,679 vs 6,314 lb dry hay/a, respectively). Further ignoring the effects of rolling,
the later harvest date favored non-meristemmed over meristemmed mint by about 20 percent
(Figure 1: 71.6 vs 59.8 lb oil/a, respectively), whereas the meristem plants produced 7 percent
more hay than non-meristemmed plants (Figure 2. 6,353 vs 5,933 lb dry hay/a, respectively).
Although this trend suggests that early harvest favored meristemmed 'Black Mitchum' peppermint
and that later harvest disfavored meristemmed 'Black Mitchum' peppermint in comparison to non-
meristemmed 'Black Mitchum' peppermint, none of the above differences were found to be
statistically significant for P<0.05.

The effect of rolling cannot be separated easily from the effect harvest date and from meristem
and non-meristem treatments, because the results are complicated by significant interactions
among all treatments (P<0.05): The effect of rolling for the first harvest date was to eliminate any
advantage of meristemming on oil yield for this date. On the other hand, non-meristemmed mint
was favored by rolling on the first harvest date. Specifically, for the first harvest date, oil yield of
rolled non-meristemmed mint exceeded all other treatment combinations by 14-22 percent
(Figure 1. 73.0 lb oiUa for rolled non-meristem vs 57.5-64.3 for other treatment combinations,
respectively). For the second harvest date, rolling greatly reduced oil yield compared to non-
rolling for both meristem and non-meristemmed treatments (Figure 1.). For the second harvest,
the superior treatment combination for oil yield was the non-rolled non-meristem treatment which
was 38 percent better than the rolled non-meristem treatment, 20 percent better than the non-
rolled meristem treatment, and 75 percent better than the rolled meristem treatment, respectively
(Figure 1.). With respect to dry hay weight, differences were less pronounced (Figure 2.). Dry
weight did not vary much for rolled or non-rolled treatment of non-meristemmed mint on either
date (Figure 2.). Dry weight was enhanced somewhat in non-rolled meristemmed mint, but was
reduced by rolling of meristemmed mint (Figure 2.). The two exceptional oil yields in the trial
(Figure 1: 73.0 lb/a for the rolled non-meristem treatment on July 25, and 71.6 lb/a for the non-
rolled non-meristem treatment on August 4) were not the result of greater biomass yields for
those treatment combinations (Figure 2.)

Plant partition data are only briefly summarized here. In general, direct statistically significant
differences (P<0.05) between meristem and non-meristemmed plants were few and were limited
to mid-July or earlier. There were no stem length differences during 1994 in contrast to 1993, but
meristem plants had more total leaves than non-meristem plants on June 20; and near mid-July,
meristemmed plants had fewer branches than non-meristemmed plants. In general, the general
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lack of statistically significant plant partition data support the relative lack of yield differences
between meristem and non-meristem treatments in the absence of rolling.

There were general effects of rolling on plant growth irrespective of meristem and non-meristem
treatments. Few of these effects were seen prior to the first harvest on July 25. Specifically, the
position at which the stem was bent due to rolling on June 29 clearly was measured on July 18,
but the only other non-interactive significant effect on that date was that total stem length was
greater in rolled vs non-rolled treatments. On the other hand, many effects of rolling were
observed at just prior to second harvest on August 4. Of the 17 parameters measured, 9 were
statistically significant differences (P<0.05) on August 1 with respect to rolling vs non-rolling.
Several of these plant partition parameters may relate to the general under-performance of plants
in both rolled meristem and rolled non-meristem treatments compared to non-rolled treatments on
August 4, but they are difficult to relate to yield in a straightforward manner. For example, on
August 1 plants sampled from rolled plots had more leaves than plants from non-rolled plots, even
though yields were higher for non-rolled plots.

There were several statistically significant interactions (P<0.05) among rolling X meristem
treatments on plant partition parameters for both July 18 (one parameter) and August 1 (three
parameters). Such differences again support the fact that statistically significant yield difference
interactions were measured on the two harvest dates, but the plant partition parameter data offer
no ready explanation of these yield differences. For example, the length of the stem above the
first leaf was greater for the rolled non-meristem treatment compared to other treatment
combinations on July 18, and this treatment had the superior oil yield for July 25. Similarly, the
length of the stem above the first leaves was greatest for the non-rolled non-meristem treatment
on August 1, and this treatment had the superior oil yield for August 4. Whereas length of the
stem above the first leaf may prove to be an indicator of yield differences, it is not clear why this
should be the case. Clearly, more work on plant partitioning as a tool for explaining yield
differences is required. Increased sample numbers may be required.

Virus Detection

Molecular biological analyses indicated that non-meristemmed 'Black Mitchum' peppermint taken
from the COARC field trial contained a double-stranded RNA (dsRNA) entity which was not
found in meristemmed 'Black Mitchum' peppermint taken from the same trial. Such dsRNA is
typical of single-stranded RNA virus replication. When plant sap from either meristemmed or
non-meristemmed plants was rubbed into a range of indicator plant species, sap from non-
meristemmed plants produced local lesions on several species, whereas sap from meristemmed
plants produced no such symptoms. Species displaying local lesions included Gomphrena

globosa and Chenopodium amaranticolor, two common indicator species. Such results further
suggest the presence of a virus in non-meristemmed plants. No virus has yet been characterized,
and it has not yet been proved that the putative virus is responsible for differences in growth and
field performance measured in 1993 and 1994.
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Discussion

Plant material in field plots described above originally was meristemed in 1991, propagated in
greenhouses 1991 and 1992, planted in the field in 1992, and observed in the field from 1992
through 1994. Laboratory and greenhouse viral analyses of field material collected at random in
the spring of 1994 strongly suggest the presence of a virus in non-meristemmed mint that seems
absent from meristemmed mint. Although peppermint field performance differences measured in
1993 and 1994 are consistent with the presence or absence of a virus, it has not been proved that
the virus is the causal agent, nor has the virus been characterized. The absence of a virus from
meristemmed plants held in the field for two to three seasons suggests that plants have not
become quickly or widely re-infected either in the propagation greenhouse or in the field in central
Oregon. [In fact, if re-infection had been very rapid, or if other viruses were present in spite of
meristem tip culture, both sources of plant materials would have appeared virus-infected and
interpretation would have been less straightforward.]

With respect to yield in 1993, meristem plants distinctly under-performed compared to non-
meristemmed plants grown in the COARC field trials. There was less oil and more biomass to
harvest in meristemmed vs non-meristemmed that year. It further was observed in 1993 that
meristemmed plants were nitrogen and moisture deficient when handled identically to non-
meristemmed mint, which could have accounted for some of the under-performance. Effort was
expended in 1994 to fertilize according to nitrogen usage, and not to place plants under
unnecessary moisture stress near harvest. Whether due to better fertility and soil moisture or to
other effects in 1994, yields were comparable for meristemmed and non-meristemmed mint which
was not otherwise treated differently (i.e. rolled). This data still does not support the
commercialization of meristemmed mint, because there was no yield advantage, plus meristemmed
mint required more nitrogen than non-meristemmed mint.

The impact of rolling on meristemmed mint generally was negative, even though rolling in 1994
was included in an attempt to stimulate branching of meristemmed peppermint as a result of
observations of poor branching in 1993. All positive yield effects of rolling were seen on non-
meristemmed peppermint, and this only when combined with early harvest. When harvest was
delayed, the yield of non-meristemmed mint was reduced with rolling.

On the other hand, meristemmed mint did out-yield non-meristemmed mint on the early harvest
date. Even though this difference was not statistically significant (P<0.05), it may point to a need
for even earlier harvest of meristemmed plants vs later harvest for non-meristemmed plants. In
the future, additional testing of very early harvest or even double cutting may prove advantageous
for meristem vs non-meristemmed mint. This concept fits with experience with double cutting of
meristemmed mint in Montana in 1994, where early harvest and double-cut meristemmed mint
performed substantially better than later-cut meristemmed mint (Leon Welty, Montana State
University, personal communication). Further, anecdotal accounts suggest that non-meristemmed
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mint often cannot sustain such double cutting and sufficiently develop in the fall to have the
energy reserves necessary to maintain vigor over the winter and perform well in future years. If
this is the case, being more vigorous, meristemmed mint may better tolerate double cutting.
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NEW TOOLS FOR PLANT-RESPONSE NITROGEN TESTING OF PEPPERMINT

Alan R. Mitchell, Neysa A. Farris, and Joy E. Light

Abstract

Four methods for measuring crop nitrogen (N) were evaluated on peppermint (Mentha piperita
L.): stem NO3 -N analysis, a CARDY ion meter that measures sap NO 3 -N, a SPAD chlorophyll
meter, and soil NO3 -N. This study was designed to judge the accuracy of the two real-time
sensors (SPAD or CARDY) against the stem NO 3 content determined in the laboratory. In 1992
and 1993, the four methods were correlated with final dry matter and oil yield and thresholds for
fertilization were developed. The stem N analysis was the best indicator for dry matter yield and
oil yield, with a threshold of 4000-6000 g/Mg NO3 -N which was constant for the season. The
CARDY meter showed a higher correlation with all methods, but changed considerably in time.
The SPAD chlorophyll meter had the poorest correlation. Total N in the soil was also a fairly
good indicator of stress, with a threshold of 20 to 30 g/Mg.

In 1994, a control (350 lb N/a) was tested against four methods of managing N fertilizer: SPAD
meter (162 lb N/a), stem nitrate (325 lb N/a), soil nitrate (212 lb N/a), and polymer-coated urea
(250 lb N/a). Unfortunately, the experimental variability was large and there were no significant
yield differences among the methods. However, the soil nitrate testing resulted in an amount of N
fertilizer that was only slightly lower than the optimum level of N in adjacent experiments on yield
response. The experimental difficulties encountered with CARDY and SPAD meters suggest that
they may not be reliable management tools under many conditions.

Introduction

With today's concern about ground water contamination, managing nitrogen fertilizers to prevent
NO3 leaching is important. Peppermint (Mentha piperita L.) is a crop that has been shown to
respond well to inputs of water and N fertilizers (Clark and Menary, 1980). The high value of
peppermint oil has provided an economic incentive for growers to insure these inputs are not in
deficit. High irrigation and fertilizer rates, along with a shallow root zone and permeable soils,
suggest that peppermint may have a potential for NO 3 leaching. Split N applications could
improve N use efficiency if applied in response to crop need.

Huettig (1969) and Brown (1982) have shown that peppermint stem NO3 -N concentrations were
significantly increased with higher N application rates, as was final yield. Using this information,
Brown (1982) has calculated the critical stem NO 3-N level for maximum yield, which level falls
during the season (Figure 1).

Real-time analysis of the N status of the crop would provide a tool for split N applications when
they are needed most, not just in peppermint, but also in other high-input, high-management
crops. Petiole sap NO 3 in potatoes has been successfully measured with the CARDY NO 3 ion
meter (Wescott, 1992) which is distributed by Spectrum Technologies,
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Figure 1. NO3 -N in stems necessary during the season for maximum
relative fresh weight and oil yields, from Brown (1982)

Inc., Plainfield, Illinois. Also, two years of field testing in Montana and Minnesota have
confirmed direct measures of potato petiole sap NO3 are highly correlated (r = 0.962**) 1 with

petiole dry matter NO3.

In the first part of this study, two real-time sensors were compared to the traditional method of
measuring stem NO3-N and soil N. The SPAD chlorophyll meter (Minolta) is a non-destructive
sensor that measures leaf reflectance properties to estimate chlorophyll content (Yadava, 1986).
Since leaf chlorophyll content is closely related to NO3 in the plant, the chlorophyll readings have
been related to leaf NO3 for other crops.

The objectives varied with the development of the methods over the three years of study. In
1992, we tested the under two irrigation levels. The 1993 objectives were to calculate thresholds
for the N application. These thresholds were then used in a 1994 trial whose objective was to
compare yields obtained by managing N levels with the tools listed above.

Methods
1992 Trial

All trials were conducted at Oregon State University-Central Oregon Agricultural Research
Center, Madras, Oregon. Peppermint 'Murray' was planted in March 1991 on a Madras loam
(fine-loamy, mixed, mesic, xerollic Durargid). In 1992, we used plots from an irrigation X

1 **,* significant at the 0.01 and 0.05 levels, respectively
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nitrogen experiment summarized earlier (Mitchell, 1993). Only two irrigation levels were
evaluated in this study: the 15 treatment was managed to replace 100 percent of the water deficit
in the field twice weekly, and the 14 treatment had was 83 percent of the water applied to 15. Six
different rates of urea fertilizer were studied, ranging from 50 to 350 lb N/a in a split application
(Table 1). Polymer coated urea (250 lb N/a) was also tested. Spring fertilization occurred on
June 3-5, 1992. Later applications of the aqueous N fertilizer were applied to N4 and N6
treatments on July 10 and 17 at the rate of 50 lb N/a. The plots were irrigated twice a week with
amounts determined by weekly neutron probe readings.

To evaluate the three different NO3 analysis techniques, plant samples were taken from each of
the two irrigation levels at the six fertilizer rates. The samples were composites of four stems
from each of the eight replicated plots. Each stem consists of the top 6 inches of the plant minus
the leaves and petioles. Leaves were tested with the SPAD-502 chlorophyll meter before being
stripped from the stems. After the leaves were stripped, the stems were cut to 6-inch lengths
from the top node down, and 0.5 inches were clipped off from each end of the stem for sap
analysis. A garlic press was used to release sap onto the CARDY ion meter. The CARDY meter
reads the NO3 -N concentration in the sap. The reading was later converted to a dry matter
number for comparison, by using a ratio of the wet weight to dry weight of the stems. The
remaining portions of the stems were packaged and sent to a plant analysis laboratory (Agri-
Check, Inc., Umatilla, Oregon ) for NO 3 -N analysis.

Peppermint was harvested on July 29 and 30, 1992 with a custom-built forage harvester; the
harvested plots were 40 inches wide by 10 feet long. Samples were taken to determine dry matter
and oil yields.

Table 1. Fertilizer rates for 1992 trial

Fertilizer plot	 Spring	 Summer*	 Total

	 lb N/a 	
NI	 50	 0	 50
N2	 150	 0	 150
N3	 250	 0	 250
N4	 250	 100	 350
N5 PCU**	 250	 0	 250
N6	 150	 100	 250

* split application of 50 lbs each
** Polymer-coated urea
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1993 Trial

Plant and soil sampling for determining fertilization thresholds took place on the nitrogen-
response experiment at COARC, Madras, Oregon. (See companion report: Peppermint response
to nitrogen fertilizer in central Oregon for trial description and plot treatments.) Plant samples
were taken in the following manner: 30 stems were taken from each plot, consisting of the top 6
inches of the plant. Before the leaves were stripped from the stem, the SPAD meter readings
were taken as outlined above. CARDY sap measurements were also taken as before.

The stems were then dried, ground, and sieved through a 20-mesh screen. Ground stem matter
(0.1 g) was then mixed with 50-m1 water and shaken for 30 minutes. The resulting mixture was
filtered and the filtrate was later analyzed for total N and NH3 using an ammonia analyzer,
Wescan Model 360 Ammonia Analyzer (Alltech Associates, Deerfield, Illinois). Nitrate-N was
determined by the difference between total N and NH3.

Beginning in the third week of May, soil samples of the top 1-foot depth were taken weekly from
plots 1-15, 20, and 25. After June 9, when fertilization rates began to differ in plots 15-25, soil
samples were taken from all plots. Soil extraction using KC1 was performed on these samples and
NO3-N content was determined as described above for plant dry matter.

1994 Plant-response Fertilization Trial

The 1994 experiment was conducted at a different location in the same field to find whether the
soil and stem NO3 -N analysis and SPAD measurements could be used to determine when to apply
additional fertilizer. Fifty lb N/a was applied in early spring, then weekly tests were used to
determine N applications. The experiment was a complete random design with four replications
and a plot size of 15 feet by 6 feet. Treatments included soil, stem, and SPAD-managed plots, a
control, and a polymer-coated urea test. When a treatment threshold was reached, 50 lb/a of N as
ammonia nitrate (34-0-0) was applied, and immediately sprinkler irrigated to incorporate the N
into the soil. Soil was sampled prior to the experiment at six locations within the test plot. The
initial fertilizer application was adjusted to account for the inorganic N already in the soil. The
control treatment consisted of 250 lb N/a applied initially, followed by 100 lb N/a on July 7, when
the control plots showed N stress as indicated by the stem and soil methods. Polymer-coated urea
was added as an additional treatment to test how well the time-release quality of the fertilizer
compared with plant and soil testing as a management tool.

Not all tests were conducted on all plots. The soil, stem, and SPAD readings were taken weekly
for their respective treatments and on the control plots. Each individual plot was fertilized
separately according to the treatment thresholds mentioned below. For the soil-threshold
treatment and control, two 12-inch-deep soil cores were taken for each tested plot, mixed, and
processed for N as outlined above. To speed the sampling process, soil was extracted with 2M
KCI solution without drying and corrected for soil water content. The threshold used for fertilizer
application was 30 g N/Mg soil.

For the stem-threshold treatment, five stems were taken from each plot, dried, ground, and
extracted by shaking in distilled water for an hour. Nitrate-N was tested with the analyser
mentioned earlier. The stem fertilization used threshold was 6000 g N/Mg stem.
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The SPAD readings were taken on 30 leaves within each SPAD treatment and control plot in the
same fashion as describe in 1993, except that the leaves were left intact on the plant. The
fertilization threshold used was 2.0 points below the reading of the control treatment.

Harvest occurred on August 4, 1994, and oil yield was determined at the COARC research
distillery. The oil and dry matter yield were highly significant between N treatments, with
optimum yield occurring at 240-260 N lbs/a for both dry matter and oil yield (see companion
report). Hereafter, the 240 N lb/a treatment was used as the level of adequate N concentration.

Results
1992 and 1993 Threshold Determination

The 1992 correlations were inconclusive (Table 2). The CARDY meter showed an inverse
correlation with dry matter yield, but there were no other correlations between the real-time
meters and dry matter. There was, however, a minor correlation (0.478**) between the CARDY
and SPAD meters, although this was hard to interpret, as will be discussed later.

The 1993 correlations (Table 3) used seasonal averages for each method, which increased the
significance over using all dates and all treatments. The highest correlations occurred between
stem and soil (r=0.847***) and stem and dry matter. These high correlations for stem-dry matter
and soil-dry matter show that these methods are more accurate than the CARDY and SPAD
meters. Oil yield had a lower correlations than dry matter.

Stem N

The 1992 stem data (Figure 2) followed Brown's (1982) relationship at the later dates, but not for
the initial sampling point, which may have been caused by other stresses, such as low radiation.
The lack of nitrogen stress of the treatments, as indicated by yield results, are reflected in the
generally high values of stem NO3-N.

Table 2. 1992 correlation coefficients of N sensing methods, Madras, Oregon

CARDY SPAD Dry Matter Soil

Stem
CARDY
SPAD
Dry Matter

0.029 0.076
0.478**

0.545
-0.657*
-0.363

0.261
0.176
0.416*
-0.079

**, * significant at the 0.01 and 0.05 probability levels, respectively
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Table 3. 1993 correlation coefficients of N sensing methods, Madras, Oregon

CARDY SPAD Dry Matter Soil Oil Yield

Stem
CARDY
SPAD
Dry Matter
Soil

0.775** 0.736***
0.565*

0.800***
0.656***
0.562*

0.847***
0.705***
0.577*
0.669***

0.635***
0.625***
0.522*
0.684***
0.625***

***,**, * significant at the 0.001, 0.01, and 0.05 probability levels, respectively

The 1993 seasonal stem-dry matter NO 3 -N data were very similar to Brown's relationship until
July 6 (Figure 3). The NO3-N concentrations in the stems decreased with time until July 6, with
the rate of decline being dependent on the fertilizer treatment. However, after July 6, the stem-dry
matter NO3-N concentration increased. The data suggest that a yield threshold for stem
concentration occurred somewhere around 4000-6000 g/Mg and that it may have been constant
throughout the growing season. Huettig (1969) measured stem NO 3 -N at harvest and found
increasing levels with N fertilizer applied; the 250 N lb/a rate resulted in 3600-4800 g/Mg NO3-N
depending on location and time of application. At a super-optimal rate of 350 N lb/a, no yield
benefit occurred and stem NO3 -N was 6000-8200 g/Mg. Huettig's data, along with our 1993
data, suggest a constant NO3-N concentration, rather than the diminishing threshold proposed by
Brown (1982). The concentration was supported by both dry matter and oil yield data (not
shown). The 1992 experiment had little N stress, as indicated by yield, and with most
concentration above 6000 g/Mg, it agrees with a threshold value for N stress below 6000 g/Mg.

Soil N

The 1992 soil analysis reflected the fertilizer rates more consistantly than the other methods
(Figure 4). The carry-over N remaining in the soil from the previous year produced relatively
high rates until later in the season. The polymer-coated urea treatment (N5) showed low rates
initially followed by a release of N after June 25 (day 177).

The 1993 soil analysis gave similar results that indicated a threshold of 20 g/Mg N, based upon
optimum yield at 240-260 N lb/a. The relationship between soil N and relative oil yield was used
to construct a curve (Figure 5) that demonstrates the critical soil concentrations needed during the
season for maximum oil production at harvest. Soil concentrations below the threshold indicate
an N shortage in the plant that may decrease oil production while higher concentrations indicate
sufficient N to maintain maximum production. The fertilization threshold was determined to be at
soil N concentration of 30 g/Mg, in order to prevent the soil concentration from falling below 20
g/Mg•
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SPAD Meter

The SPAD meter readings exhibited a great deal of variability throughout the growing season for
all years considered. Data from the three sampling times in 1992 were hard to interpret, with the
middle reading being lower than the first or last (Figure 6). Taking more measurements in 1993
did not reduce varibility, but showed the initial readings high at the beginning of the season,
dropping midway through the season, and increasing again towards the end of the season. The
SPAD response did resemble the decrease in seasonal stem-N concentration (Figure 7). This was
detected by the correlation between the SPAD meter and the stem N of r=0.736 (Table 3).

Using color as an indicator of stress is limited to large differences because of other factors which
can cause color change. For example, in 1993 there were rainy periods in June when the
peppermint leaves appeared to be turning lush and light green, followed by sunny, dry periods
when the leaves became darker. In 1992, a warmer year, the SPAD readings were seldom below
52, which was the maximum reading in the cooler, wetter year of 1993. Therefore, an absolute
reading may mean little, and the SPAD readings should be referenced to a non-stressed area of the
field, if possible, that can serve as a baseline. Our recommendation, based on Figure 7, is that the
fertilizer threshold be 2.0 points below a non-stressed area of the field. The user could then
compare the reading of the field at large with that of the non-stressed, high N plot.

CARDY Meter

The CARDY meter gave inconsistent results from 1992 to 1993. We question the reliability of
the tool, or what parameter the meter is actually measuring. In 1992, the CARDY measurements
decreased in time (Figure 8) and were inversely correlated with dry matter yield. But in 1993,
they increased in time (Figure 9). When the 250 N lb/a level of Figure 9 is viewed as a threshold,
the higher fertilizer treatments give larger CARDY readings and the lower treatments give lower
readings. A drawback to using the meter as a stress indicator is the increasing threshold in time
and being able to predict it in advance.

When starting the 1994 trial, the use of the CARDY meter with sap did not look reliable enough
for recommendation of a threshold on a peppermint. Dr. Malvern Wescott of Montana State
University indicated, at that time, that others were having problems with the CARDY meter for
sap and petiole analysis of other crops. We have since discontinued its use.

1994 Plant-response Fertilization Trial

There were no significant differences in oil yield or dry matter for the fertilization treatments,
although there was a highly significant block effect. Yield was greater for blocks 2 and 3, which
were south and down-wind of blocks 1 and 4. Oil yield for the highest block (66 lb/a) was twice
that for the lowest block (33 lb/a). Unfortunately, the variability was not uniform within the
blocks, so that treatment were not statistically distinguishable. The block variability may have
been due to soil compaction from earlier machinery and/or water stress.
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Table 4. Plant-response nitrogen treatment thresholds, initial applied N, average N applied, and
yield of peppermint as average of 4 replications. Madras, Oregon, 1994.

Treatment	 Threshold
	

Initial urea N	 Additional	 Total	 Oil
including soil 	 N applied	 N applied	 Yield*

	 lb N/a 	 	 --lb/a--

Control	 250	 100	 350	 54.5

PCU	 50 + 200 PCU**	 0	 250	 55.3

SPAD	 20 pts. < Control	 50	 112.5	 162.5	 40.7

Stem	 < 6000 g/Mg	 50	 275	 325	 51.6

Soil	 < 30 g/Mg	 50	 162.5	 212.5	 47.7

* no significant differences between treatments
** polymer-coated urea supplied by Imperial Oil, Edmonton, Alberta

The treatments differed in the amount of N applied with the stem > soil > SPAD, as shown in
Table 4. The yields followed the same trend as the N application, although they were not
statistically significant. There was a significant block effect on oil yield even though the amount
of N applied within a treatment was fairly uniform over all four replications. This seems to
indicate that for stem sampling, the plants with lower yield required the same fertilization as those
with higher yield. Therefore, excess N fertilization may be an unintended consequence of stem
sampling which could be avoided by soil sampling. The average soil-recommended seasonal N
was 212.5 lb/a, which was near the optimum rate of the nearby nitrogen plots (see companion
report.)

The stem N values were much lower in 1994 than the previous years (Figure 10). Later in the
season, the stem nitrates were lower than 4000 mg/kg for both the control and stem-response
fertilized plot. The year 1994 produced a declining stem nitrate relationship similar to the
threshold of Brown (1982) shown in Figure 1. The cooler, wetter 1993 weather may have
worked to keep stem nitrates at high levels, as shown earlier in Figure 3. Adherence to the 6000
mg/kg threshold derived in 1993 resulted in weekly applications of fertilizer during the last 5
weeks that were probably in excess.

SPAD meter readings were again variable in 1994, with the data behaving as it did in 1992, a
warm and dry year (Figure 11). Readings resulted in average fertilization of only 162 lb N/a with
an accompanying low yield (Table 4), mainly because of the failure of the SPAD plots to differ
from the control plots. The threshold of 2.0 SPAD points may need to be decreased.

Soil N data was not available at the time of this report.
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Conclusions

1. The stem threshold developed here confirms the relationships of Brown (1982) except for cool
seasons, such as 1993, where stem NO3 concentration remains high throughout the season.

2. Peppermint cultivar did not differ in stem threshold relationships, since we found the data for
Murray to be similar to that of Huettig (1969) and Brown (1982) for Black Mitcham.

3. The CARDY meter was unreliable for stem sap NO3 analysis.

4. The SPAD meter scale was not constant for N stress, and may have been influenced by climatic
and other factors.

5. The soil N level was the most reliable for measuring N availibility. Soil N level could be used
with plant N uptake curves to apply appropriate fertilizer amounts.
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PEPPERMINT OIL YIELD AND COMPOSITION
FROM MINI AND INDUSTRIAL DISTILLERIES

Alan R. Mitchell, Fred J. Crowe

Abstract

Peppermint (Mentha pi perita L.) oil yield and composition from miniature research distillation
equipment were compared to that from large commercial distilleries. The mini-stills process
small, 10-lb samples in contrast to the 8-ton tubs used by industry. A 2-acre, furrow-irrigated
field of peppermint, cultivar 'Black Mitcham', was sampled prior to harvest in 1992 and 1993 at
38 and 59 locations, respectively. In 1992, the mean oil yield of the subsamples (43.0 lb/a) agreed
closely with the whole-field yield (41.3 lb/a). The subsamples had a high variability in dry matter
(CV=33 percent) and oil yield (CV=25 percent). In 1993, mean oil yield (54.8 lb/a) also agreed
closely with the whole field yield (55.2 lb/a). The 1992 oil constituents for all 38 samples were
compared against a composite of the same, and against the single whole-field measurement from
the large distillery. Unlike yield, oil composition was different between the whole field and small
samples, probably due to incongruencies in time between harvest and distillation, the presence or
absence of chopping, and/or still size.

Introduction

Scientists have long used miniature distillation equipment to measure peppermint oil yield and
composition, and thus infer the relative value of various agronomic practices. For example, Hee
(1974) related nitrogen fertilization to yield and, based on oil composition, plant maturity;
Charles et al. (1990) evaluated the effect of osmotic stress on oil composition; and Bullis et al.
(1948) measured yield and oil composition changes with harvest timing and inferred oil maturity
relative to bloom. Oil composition may be important for marketing, where a change in the
constituent menthofuran from 3 to 4 percent may make the oil undesirable.

Commercially operated distilleries, or stills, presently use prefabricated tubs with a 16,000-lb
capacity. Research distilleries have varied in size from a single 70-lb capacity still (Bullis et
al.,1948), to 4.4-lb capacity stills (Clark and Menary, 1980). Heuttig (1969) compared four 5-lb
samples from each of six peppermint cultivars and found the coefficient of variation (CV) of oil
yield to be 7.1 percent. While these mini-still data may be useful to compare treatments, it is
important to know their suitability for estimating oil yield and composition for an entire field.

For example, several researchers have made inferences about plant maturity from the oil
composition from mini-stills. White et al. (1987) used a modified pressure cooker with 9-lb
samples to study the effect of harvest timing on yield and percentage of menthol, menthone,
menthyl acetate, and menthofuran in the oil. The continuous shape of their time-response
functions suggests that changes in composition are gradually consistent and precise. But the oil
composition was referenced against like samples, not against large units. Although mini-stills may
be useful to determine relative changes in yield and quality, data are not available in the literature
that relate mini-still oil to commercial-still oil yield or composition.
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Many factors could contribute to differences between mini-stills and industrial stills. Large
differences in size of the distillation unit may affect the steam distribution. Condensing units also
vary in size and materials, such as glass vs. aluminum. The condensers may not be kept at the
same or optimal temperature (Hughes, 1952). A major factor may be the time between harvest
and distillation of the peppermint. Commercial distillation procedure allows approximately 24
hours between harvest and distillation. In contrast, research samples are typically harvested and
bagged fresh, then dried indoors or in the open air. The bagged samples are often stored for
several days or weeks before distillation because of the large number of samples relative to mini-
still capacity. Furthermore, modern commercial harvest practices include chopping of foliage as it
is collected into tubs. The tubs are then sealed and transported to the distillery, where they are
completely distilled within hours. Research samples are usually not chopped.

Our objective was to test whether a mini-still produces oil yield and composition similar to a
larger commercial distillery. The method we used was to extensively sample a field immediately
prior to commercial harvest, and compare oil yield and composition against oil obtained from
whole-field, commercial harvest and distillation.

Methods
1992 Trial

The experiment was conducted at the Central Oregon Agricultural Research Center (COARC)
near Madras, Oregon. The field was 3.0 acres, with 2 acres of peppermint surrounded by a rye
border crop. Peppermint rhizomes (cultivar 'Black Mitcham') were planted on March 16-18,
1992. The field was furrow irrigated. It was fertilized according to Oregon State University
fertilizer recommendations that are based on soil sampling. Insect-control practices were used for
wireworm Ctenicera pruinina, and twospotted spider mite Tetranychus urticae Koch (Berry and
Fisher, 1993).

The field was subsampled from strips in the field to better characterize the whole field (Fig. 1). In
1992 there were three strips at 150, 300, and 450 ft from the top of the field, with each containing
13 mint samples. In 1993 there were five strips containing 12 samples each at 100-ft increments
from the top.

The 1992 peppermint was harvested on August 26-27 by swathing the entire peppermint field into
12-ft windrows. At each strip, three 10-ft sections of the windrow were taken for fresh matter
yield, resulting in a sampled area of 360 ft 2 . The samples were immediately weighed, then, from
one of the three samples, subsamples of 9 to 11 lb were reserved for oil yield analysis. Smaller
samples weighing 1 lb were taken for dry weight analysis. Samples for oil-yield were placed in
burlap sacks, dried, and distilled at a research distillery at the USDA facility in Corvallis, Oregon,
on November 13, 1992. This research distillery consisted of six mini-stills with individual
aluminum condenser units, glass separators, and glass burettes to measure volume of the oil.
Distillation continued 10 minutes after oil ceased flowing from the condenser, or approximately
45 minutes. One sample was lost due to operator error. Oil samples were placed in glass bottles
until composition was determined.
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Figure 1. Location of field samples in 1992 (o) and 1993 (^).
Oil concentration was determined from only one of three samples in 1992.
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On August 27, immediately following sample harvest, the remaining peppermint in the field was
picked up and chopped into distillation tubs and distilled by Tri-Still custom distillery at Madras,
Oregon. The calculation of the "whole-field" oil yield consisted of the total oil plus the amount
removed in the samples divided by the acreage.

1993 Trial

In 1993, the peppermint samples were harvested on August 17 using an custom-built,
experimental-plot, forage harvester with a 3.33-ft sickle blade. Fresh weight samples were taken
from a 12.5-ft by 3.33-ft area in the five strips that corresponded to distance along the irrigation
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runs, i.e., 100, 200, 300, 400, and 500 ft. The 41.6 ft 2 sampled area was nearly an order of
magnitude less than in 1992. Subsamples were taken for dry weight analysis, otherwise, the entire
6 to 14-lb sample was used for distillation.

The 1993 samples were placed in burlap sacks that were dried in the open air. Distillation
occurred between August 20 and 25, which was three to seven days after harvest, at a newly-
constructed mini-distillery at the Central Oregon Agricultural Research Center, Madras, Oregon.
The distillery consisted of four 5-gallon modified pressure cookers which held samples up to 12
lb. Each mini-still had its own aluminum condenser and glass separator, which was attached to a
glass burette to measure the oil volume. The steam flow was carefully monitored to keep the
temperature of the condensate between 110 and 120° F. Distillation continued until 10 minutes
after oil ceased flowing from the condenser, or approximately 45 minutes. As in the previous year,
one sample was lost.

On August 19, the entire peppermint field was cut and left in windrows in the field. The following
day, the peppermint was chopped into tubs and distilled for 90 minutes by Tri-still custom
distillery at Madras, Oregon.

Commercial distilleries operate at a much larger scale than mini distilleries, and manage steam and
condensate temperature in a slightly different manner. Steam is applied to the commercial tub at
pressures of 25 to 35 psi until condensate appears, then the pressures are reduced to the 15 to 25
psi range. Mini distilleries require steam pressure that is less than 5 psi in order to prevent
overheating of the mini condenser. Also, the condensate temperature of commercial distilleries is
managed slightly warmer, usually from 115 to 130° F, than the 110 to 120° F temperature range
of the mini-distillery condensate.

Industry laboratories analyzed the oil for the major constituents: menthol, menthone, esters,
menthofuran, and heads. In 1992, each of 38 samples was analyzed separately by the A.M. Todd
Co., Kalamazoo, Michigan. Additionally, a composite sample was made from each of the samples
in the following manner: ten percent of each sample was collected in a "composite" flask. This
was done to avoid bias toward the lesser yielding plot and give the greater yielding plots more
influence, as they would have in a field harvest. The composite and whole-field peppermint oil
samples were sent to three laboratories: 1) A.M. Todd Co., 2) Essex Laboratories, Salem,
Oregon, and 3) Wm. Leman, Inc., Bremen, Indiana.

Results

The oil yield results for both 1992 and 1993 (Table 1) showed a very close agreement between
the sample mean, x, and the whole-field yield, which we consider to be the true mean yield,	 In
both 1992 and 1993, x was within 1.7 lb/a of g. The median of the sample values were even
closer than the means, within 0.6 lb/a. The coefficient of variation (standard deviation divided by
mean) was higher for the dry-matter yield (33 and 18 percent) than the oil yield (25 and 14
percent), as shown in Table 1. The explanation lies in the characteristic of peppermint to have a
higher oil/dry-matter concentration when plant growth is less. Hence, the extremes in dry-matter
yield are modified for oil yield.
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The composite oil sample was compared to the average composition of the 1992 samples (Table
2). The oil constituents were very similar for the composite and the sample average

Table 1. Peppermint oil and dry matter yield for 1992 and 1993

Whole Field	 Small Sample Determinations

Oil Yield 	 Dry Matter Yield
n	 mean median stddev CV

	
mean stddev CV

lb/a
	

lb/a 	 	 	 lb/a

1992	 41.3	 38	 43.0	 41.9	 10.7 25%	 2366	 775	 33%

1993	 55.2	 59	 54.8	 55.1	 7.6	 14%	 3494	 619	 18%

Table 2. Peppermint oil constituents (percent)

Menthol Menthone	 Esters Menthofuran	 Heads

	 % 	
1992 AM Todd
Samples	 35.7	 25.3	 5.1	 5.8	 9.2
Composite	 35.8	 25.1	 5.0	 6.0	 9.0
Whole Field	 36.3	 28.2	 4.3	 3.3	 9.1

1992 Essex Lab.
Composite	 36.0	 5.1	 6.5
Whole Field	 37.3	 4.4	 3.7

1992 Wm. Lehman
Composite	 43.1	 5.3	 6.2	 9.8
Whole Field	 43.0	 4.6	 3.4	 9.9

1993 AM Todd
Samples	 40.5	 18.9	 5.8	 4.4	 8.7
Whole Field	 7.5	 2.0	 8.4

which is to be expected, because the composite originated from these samples. However, the
whole-field constituents differed from both the composite and average of all samples. Compared
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to the industry-distilled oil, the amount of menthofuran and esters increased in the whole-field
samples, while the menthol and menthone content decreased, and the heads content remained
unchanged. The differences in the 1992 oil composition may have resulted from either the long
storage period of the mini-still samples, or the disparity in the distillation processes.

In 1993 the menthofuran content was lower for the whole-field than for the sample mean, as it
was in 1992. However, the esters differed in 1993 when they were higher for the whole field than
for the sample mean. For both years, the differences between sample mean and whole-field oil
composition may have been caused by dissimilar harvesting and/or distillation. Differences
between the methods include sample size, the chopping of peppermint hay, drying of peppermint,
size of stills, time between harvest and distillation, time of distillation, and other differences in
distillery operation. In any case, it is not advisable to relate the oil composition determined in
mini-stills to an entire field. However, it seems reasonable, based on past investigations, that
relative comparisons against like-treated samples may be valuable.

The peppermint industry typically uses oil constituents to judge the relative worth of new
breeding lines of peppermint, which are usually grown on small plots that necessitate using mini-
stills. Our results indicated that using mini-still samples to infer oil composition of whole fields
may be misguided. Further investigation is needed to develop a protocol that will consistently
produce similar oil composition as industrial stills, including guidelines for sample handling,
drying, and timing of the harvest/distillation interval. Until then, absolute conclusions about oil
composition should be treated cautiously.

In conclusion, the mini-stills produced oil yield that was nearly identical to larger commercial
distilleries. But oil constituents differed between the two stills, which may have resulted from
dissimilar harvest and distillation practices.
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CONTINUED INVESTIGATION OF FLOODING AS A MEANS OF ALLIUM WHITE
ROT CONTROL

Fred Crowe and Harry Carlson

Abstract

Results are reported from an investigation initiated in 1992, part of which will be completed in
1994 and part of which was extended based on data presented below. Flooding for a single
season from spring through fall at Tulelake, California, reduced recovery of viable inoculum
(sclerotia) of Sclerotium cepivorum by 98 and 96 percent for 1992 and 1993, respectively, based
on mid-summer sampling of sclerotia buried in flooded microplots. Following single-season 1992
flooding, inoculum remained low through 1993. Following single-season 1993 flooding,
however, inoculum increased to 1993 pre-flooding levels. In additional plots which were flooded
for the spring-fall period in both years, no surviving inoculum was found by mid-summer of the
second season, nor was any found subsequently after treatment ended. In non-flooded
microplots, inoculum also decreased during the summer months, but this decline was partially
offset by an apparent increase in the fall and/or spring in each of 1992 and 1993. In spite of
seasonal fluctuations in recovery of viable sclerotia in non-flooded plots, there was a downward
trend in inoculum survival each year (30 percent decline in numbers after one year, and a 54
percent decline by the end of the second fall). Average daily soil temperatures at 15 cm were 5-
16° C for spring and fall for both years, 19-23° C (average for the area) for summer 1992, and
15-19° C (much cooler than average) for summer 1993.

Introduction

Sclerotium cepivorum reproduces and survives in soil as sclerotia. While thought to be quite
persistent under normal field conditions, these sclerotia may die under flooded soil conditions.
Temperature plays a major role in this response. In the laboratory, survival of sclerotia of S.
cepivorum after three weeks was nil in continuously saturated soil at constant 24° C or above,
whereas survival after three weeks increased progressively to 95 percent at constant 6° C in
continuously saturated soil. In the same investigation, survival also increased as soil matric
potential decreased away from saturation (Crowe and Hall, 1980).

Winter flooding was implicated in poor survival of sclerotia in muck soils in British Columbia
(Leggett and Rahe, 1985). Extended winter flooding in muck soils in eastern Canada, with soil
temperatures predominantly below 5° C, reduced sclerotial populations in the field by 80 percent
compared to 10 percent decline in non-flooded soil (Banks and Edgington, 1989). In neither
Canadian example was the decrease in inoculum during winter flooding sufficient to reduce
Allium white rot disease incidence to commercially acceptable levels

In the western United States, except for a few areas where the growing season occurs at elevated
soil temperatures restrictive to S. cepivorum, disease incidence in full-season Allium species is
unacceptably high if inoculum density at planting is greater than 0.1 sclerotia/liter soil.
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Unfortunately, inoculum density in infested fields in this large region commonly ranges between 1
and 10,000 sclerotia/liter soil (Crowe, et al., 1980; Crowe, unpublished). Therefore, white rot
control by reduction of initial inoculum would require a decline of at least 10 times in the least
highly infested fields, and much more commonly would require a reduction by between 100 to
100,000 times. Control practices based on inoculum reduction are further limited because
inoculum density may return to high levels from very low levels within a single season due to
prolific reproduction of sclerotia on the few plants decayed during recropping of Allium species
(Crowe, et al., 1980). Thus, without full eradication, continued re-treatment may be required
between Allium crops. This may be economically unprofitable.

The information reviewed above suggests that a single season of winter flooding likely will remain
inadequate for white rot disease control in most temperate climates. The impact of multiple years
of winter flooding, and of flooding when water temperature is warm, have not been fully
evaluated. Inoculum density of less than 0.1 sclerotia/liter soil was estimated to have survived 21
weeks of continuous summer flooding of a highly infested commercial field in the cool production
region of central Oregon (700 m altitude). During this period, which began in late June, flooded
soil temperature remained at 20-25° C for several months, gradually falling to 10° C by the end of
fall when flooding terminated (Crowe and Debons, 1992). Such a result likely would allow
commercial recropping without significant disease loss in many situations. Promising results from
summer flooding also may have been achieved in the high altitude (2,000 m) production region
north of Mexico City (E. Redondo Juarez, personal communication).

We report here results of experiments in progress to determine survival of sclerotia of S.
cepivorum during summer flooding at Tulelake, California. In this high altitude (1,200 m), desert
region of reclaimed lake beds, summer flooding is feasible and might be justified commercially if
combined control of onion white rot, sclerotinia diseases of various crops, and other diseases,
weeds, nematodes, and insect pests could be achieved. Presumably, if summer flooding
successfully reduces inoculum of S. cepivorum to acceptable levels in cool regions such as central
Oregon and northern California, it may be even more successful in warmer regions, and the
duration for effective treatment might be reduced.

Methods and Materials

Pathogen and Plot Preparation

All soil used in the trial was pre-mixed field soil determined by field history and sampling to be
free of the white rot fungus. Approximately 1,000 sclerotia of S. cepivorum, which had been
produced on wound-inoculated onions in the laboratory, were mixed with 115 ml non-infested
Tulelake volcanic soil (20 percent organic matter). This soil was placed in 60-mm-inner diameter
x 60-mm-high PVC chambers which were closed at the ends with nylon mesh (0.2 mm gap
between strands). The mesh was held in place with a 4-mm-high PVC ring which fitted tightly
into the ends of the chambers. Chambers were buried nine per 19-liter microplot bucket, with
eight chambers located around a central ninth chamber, all chambers roughly equidistant from the
nearest neighbors.
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Nylon covered ends were oriented up and down, the upper end at 10 cm below the soil surface.
Buckets were filled within 10 cm from the top with non-infested Tulelake soil..

Microplot buckets were replicated four times for each treatment. The trial was located at the
University of California's Intermountain Research & Extension Center, Tulelake, California.
Treatments included non-flooded experimental controls, and various flooding treatments. Soil in
all microplots was dampened (not flooded) at the time of burial microplot establishment in April,
1992. One chamber was removed from all microplot buckets one month later, just prior to
initiation of the first flooding period in May, 1992. This sample served as the pre-treatment
recovery of sclerotia for all future comparisons. Another chamber in each microplot bucket is
reserved for recovery in November of 1994, at which point the experiment will be completed.
Thus, seven chambers of the nine chambers in each microplot bucket were available for sampling
after May, 1992, and before November, 1994.

Soil temperatures were recorded by a completely automated University of California weather
station, at 15 cm soil depth from irrigated turf adjacent to the microplot trial area.

Flooded and Non-flooded Treatments

Buckets for non-flooded controls were perforated at the bottom to allow drainage, and these
buckets were irrigated periodically during the April-October growing season to provide typical
seasonal fluctuating soil moistures for agricultural soils. As all weeds were removed as seedlings
from the microplots, irrigation frequency was somewhat less than for cropped fields in the region.
To determine whether the nylon chamber end coverings affected survival, an additional
experimental control treatment was included in which the nylon was carefully removed from the
chambers during burial. During excavation, chambers without nylon again were handled carefully
so as not to lose infested soil.

In the 1992 flooding treatment, an inner microplot bucket, perforated at the base, was placed
inside a second non-perforated bucket. At the initiation of flooding, water was added until it
remained at the upper lip of the buckets, 10 cm above the soil. The flooded level was maintained
between 1-10 cm through the flooded season by periodically adding water. Flooding was initiated
in May and terminated in October by removing the outer bucket. Six chambers were recovered
monthly through continuous seasonal flooding during 1992. Soil in the remaining perforated
bucket was irrigated with drainage in 1993 as for the non-flooded treatments. A seventh chamber
was recovered in November, 1993. Microplots in this treatment will continued to be managed in
1994 as for 1993, with the final chambers to be recovered in November, 1994.

In the 1993 flooding treatment, the buckets holding the chambers were perforated and in 1992
were irrigated with drainage as for the non-flooded controls. Beginning in April, 1993, the
perforated buckets,were placed into non-perforated buckets, and these microplot buckets were
flooded as for the 1992 flooding treatment. After the winter of 1993, the outer non-perforated
bucket was removed, and the perforated bucket is being irrigated with drainage as for the non-
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flooded control. Seven chambers per bucket were removed during 1993, leaving the last chamber
to be recovered in November, 1994.

In the 1992-1993 flooding treatment, the chambers were contained in a perforated bucket, which
was placed into a non-perforated bucket and flooded for 1992 as above. The non-perforated
bucket was removed at the end of 1992, but was replaced prior to resumed flooding in 1993. At
the end of 1993 flooding, the outer non-perforated bucket was removed, and the perforated
bucket is being irrigated with drainage as for the non-flooded control through 1994. Three
chambers were removed from each bucket during 1992, and four were removed during 1993,
leaving the last chamber to be removed in November, 1994.

Recovery and Assessment of Sclerotia

From each sampling time, chambers were recovered randomly from one of the nine available
locations in microplot buckets. Soil in chambers was air-dried with the chambers intact.
Chambers were held in the laboratory until soil was processed. Chambers recovered between
May, 1992, and November, 1993, were stored air-dried until the winter of 1993-94. Chambers
from storage were selected at random and the soil was assayed between December, 1993, and
February, 1994.

Soil was assayed and sclerotia were tested for viability as per Crowe, et al., 1980. Briefly,
sclerotia were concentrated from soil by size by sieving through screens and by density by
flotation on a sucrose solution. Remaining soil residue was observed under a binocular
microscope. The number of sclerotial bodies remaining intact upon light manipulation were
counted. If more than 60 intact sclerotial bodies were counted, then 60 selected at random were
tested for viability on unamended agar. If 60 or fewer were counted, then all intact bodies were
tested for viability. Sclerotia were washed, surface disinfested for 2.5 min in 0.5 percent sodium
hypochlorite, cracked using forceps, and placed on unamended Bactoagar (Difco) in sterile Petri
dishes to induce growth. Sclerotia from which characteristic mycelial growth, plus from which
clumps of microconidia formed in the agar, were identified as those of S. cepivorum. Sclerotia
were observed for such growth and development for three weeks, after which they were
determined to be non-viable, presumed to be dead.

Results

Recovery of Sclerotia

Table 1 shows the months during which chambers were recovered from various treatments. All
recoveries were during the first week of the month shown. Results below are means of four
replications for each sampling date.

In May, 1992, just prior to treatment implementation, viability of sclerotia recovered was 98.1
percent. An average of 920 viable sclerotia (range 810-1,080, standard deviation 63) were
recovered from all chambers. This represents an average inoculum density of 800 sclerotia per
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100 ml soil, a value sometimes encountered in highly infested areas of naturally infested fields
(Crowe, et al., 1980), but which is less than the density of sclerotia commonly remaining in the
volume where host plants are decayed with white rot.

The number of recovered intact sclerotial bodies were determined by direct observation under the
binocular microscope of soil residue of the same size and buoyancy as sclerotia. Candidate bodies
were lightly manipulated with fine tweezers to assure integrity of the rind. The number of intact
bodies recovered generally declined during the course of the study. The proportion of sclerotia
viable was consistent within treatment sampling data, but was not consistent among treatments or
across sampling dates with treatments. We have observed in this and other studies (Crowe,
unpublished) that sclerotial bodies may take some time (months) to decay after death. From plots
flooded longer than two months, an increasing number of sclerotia were found to be degraded.
The number of viable sclerotia recovered per plot was determined by multiplication of the
proportion which were viable times the total number of intact sclerotial bodies recovered.

Chambers from the non-nylon treatments were sampled on a slightly different but overlapping
schedule from the schedule for the nylon treatment. Where these sampling dates coincided, the
sclerotial recoveries were very similar, and the temporal pattern of data from plots with and
without nylon was similar in all respects. Thus, these data were merged for presentation. The
mean numbers of recovered, viable sclerotia from non-flooded plots are shown in Figure 1. The
mean number of viable sclerotia was initially high in the spring of 1992, dropped by 62 percent
during the summer of 1992, increased during the fall of 1992 and spring of 1993, dropped by 90
percent from spring 1993 level during the summer of 1993, and increased again in the fall of 1993.
None of the mean values later in the study exceeded the initial value determined in May, 1992,
and there appeared to be a gradual decrease over the years in spite of seasonal fluctuations.

The mean numbers of viable sclerotia recovered from plots flooded in 1992, but not flooded
subsequently, are shown in Figure 2. The mean number of viable sclerotia dropped by 65 percent
in the first month, and by 98 percent for the season (May-November, 1992). Follow-up sampling
in November of 1993 suggested that the population had stabilized at about 1 percent of the
original number.

The mean numbers of viable sclerotia recovered from plots flooded in 1993, but not flooded at
other times, are shown in Figure 3. The mean number of viable sclerotia recovered without
flooding at the beginning of 1993 (prior to flooding) was 37 percent less than a year earlier, and
comparable to the non-flooded treatment. During flooding in 1993, the mean number of viable
sclerotia dropped by about 96 percent by early summer, but then increased by fall to a value
comparable to that found in the spring of 1993.

The mean numbers of viable sclerotia recovered from plots flooded in 1992 and 1993, but not
subsequently, are shown in Figure 4. The 1992 pattern is similar to that shown for 1992 flooding
above, reflecting a great decrease in population. In 1993, no viable sclerotia were recovered after
summer, and no apparent resurgence in numbers as was seen in the non-flooded treatment or in
the treatment only flooded in 1993. It seems as if all sclerotia were killed during this treatment.
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Soil Temperatures

Average daily soil temperatures were determined for 15 cm soil depth in irrigated, non-flooded
soil located adjacent to microplots. Spring and fall soil temperatures for both 1992 and 1993
typically ranged from 5-16° C, typical for the region. Summer temperatures in 1992 ranged from
19-23° C, typical for the region. Summer temperature in 1993 were near record lows for the
region, ranging from 15-19° C, with a brief mid-summer spike to 23° C. Winter soil temperatures
for both years were typical and were low enough for soil water to remain frozen for much of the
winter.

Discussion

In previous studies, for sclerotia recovered from "normal" field soil, treated and handled as above
during and after recovery and assay, it was earlier determined that the frequency of growth on
agar after surface sterilization and cracking was equivalent the frequency of sclerotia which were
able to be stimulated to germinate by Allium host exudates and to infect Allium roots (Crowe, et
al., 1980). Thus, if a sclerotium was found to be alive and able to grow, this was equivalent to
being able to germinate and infect Allium roots in field soil. In this flooding investigation, we did
not determine whether sclerotia which were alive after flooding retained the ability to germinate
by stimulation. Conceivably, the ability to respond to germination stimulants could be at least
temporarily altered during flooding.

Based on data from this experiment still in progress but nearing completion, seasonal flooding has
potential as a control treatment for Allium white rot. During single-season flooding in 1992, with
a relatively average summer for this cool region, sclerotial populations were decreased by about
98 percent. In 1993, with a near record cool season for this region, single-season flooding
reduced sclerotial populations by 96 percent, but the population appeared to increase later in the
season, reverting to pre-flooding levels for this treatment. Flooding for a two-season period may
have eradicated sclerotia from the treatment plots. The cost of single full-season flooding in
central Oregon, including lost cropping opportunity costs, was estimated to be similar or
somewhat less than the cost of tarped methyl bromide fumigation (Ed Macy, central Oregon
farmer, personal communication). In warmer regions where the flooding period might be
shortened or where labor and water cost structures are substantially different, flooding may be
more affordable. In addition to treatment costs, whether summer flooding for one or two seasons
is economically justified will depend on the level of white rot control required, and possibly how
many other pest problems might be reduced in the process.

The non-flooded data support the concept that populations gradually decline over years (Leggett
& Rahe, 1983; Crowe, et al., 1980), and contradict the concept that populations are static over
years (Coley-Smith, 1959; Coley-Smith, et al., 1990).

It is intriguing that we found apparent increase in population at times during the season. We
recall no other report for S. cepivorum in which within-season variation has been determined to
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the extent reported here. In most of our own past investigations where inoculum density was
assessed periodically from test plots or commercial fields, we have tended to sample either in the
spring or fall, or yearly at about the same time of year, so we would not have seen these
fluctuations in recovered viable sclerotia. Apparent reproduction by S. cepivorum in our plots
seemed to coincide with cool temperatures of fall and spring. The data seem to suggest that such
apparent reproduction was greater in the cooler 1993 than in the warmer 1992. If these data
reflect real field variations, they challenge the accepted concept that S. cepivorum does not
reproduce in field soil in the absence of a pathogenic association with Allium species (Scott,
1956). In our plots, there would have been little or no living plant food base available.

We ourselves question whether we have recorded real within-season reproduction, and are taking
some efforts to examine other explanations/interpretations of our data. We are, however, among
those who find it difficult to accept that individual sclerotia can survive in field soil for 20, 30 or
40 years as members of static or gradually declining populations which can incite high disease
incidence after such long periods of time. [We do accept, of course, that even a few surviving
sclerotia can incite substantial disease (Crowe et al., 1980.)] As have others, the senior author
has at times looked for (but not found) special conditions which might allow reproduction of S.
cepivorum in soil without an Allium food base. Could it be that some sclerotia of S. cepivorum
are reproduced each season in the absence of white rot disease on Allium species, even if
populations tend to decline overall in most years without this host? Might there even be special
conditions in some years which allows a net population increase? Perhaps these data give us a
clue.
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Table 1. Recovery dates for buried chambers (nine chambers per microplot) containing sclerotia
of S. cepivorum in various non-flooding and flooding treatments at Tulelake, California, 1992-
1994

Sampling Time (Mo/Yr)

Treatment	 1	 2	 3	 4	 5	 6	 7	 8	 9

Non-Flooded 5/92 * 8/92 11/92 4/93 8/93 11/93 5/94 8/94 11/94

Flood 92	 5/92# 6/92 7/92 8/92 9/92 10/92 11/92 * 11/93 11/93

Flood 93	 5/92* 5/93# 6/93 7/93 8/93 9/93 10/93 11/93 * 11/94

Flood 92-93 5/92# 7/92 9/92 11/92 * 5/93# 7/93 9/93 11/93 * 11/94

* = begin drainage period
# = begin flooded period
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Figures 1 and 2. Figure 1 shows means and standard deviations for the number of intact, viable
sclerotia of Sclerotium cepivorum recovered from chambers buried in non-flooded microplots
during 1992 and 1993. Figure 2 shows means and standard deviations for the number of intact,
viable sclerotia of S. cepivorum recovered from chambers buried in microplots flooded from
spring through fall of 1992 (shaded period), and from the same microplots held without flooding
since October, 1992.

Fig. 1. Non-Flooded

Number of Intact, Viable Sclerotia

Fig. 2. Flood 1992 Season Only

Number Intact, Viable Sclerotia



Figures 3 and 4. Figure 3 shows means and standard deviation for the number of intact, viable
sclerotia of ScIerotium cepivorum recovered from chambers buried in microplots irrigated but
with drainage through 1992, then flooded from spring through fall during 1993 (shaded period).
Figure 4 shows means and standard deviations for the number of intact, viable sclerotia of S.
cepivorum recovered from chambers buried in microplots flooded for two periods from spring
through fall (shown by shading) during 1992 and 1993.

Fig. 3. Flood 1993 Season Only
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PEPPERMINT RESPONSE TO NITROGEN FERTILIZER IN CENTRAL OREGON1

Alan R. Mitchell and Neysa A. Farris

Abstract

A nitrogen-fertilizer rate study was conducted for two-years to determine optimum response of
peppermint (Mentha piperita L.) cv 'Murray' at Madras. The first year, 1993, had a wetter-than-
normal spring, while the second, 1994, had above-average temperature. Optimum dry matter yield
occurred in the range of 200 to 240 lb/a, while optimum oil yield was 240 to 280 lb/a. These
results agree with previous studies on peppermint at various locations.

Introduction

Recent concern with nitrate contamination to groundwater has encouraged the study of crop yield
response to nitrogen (N) fertilization. This work was part of a larger research objective to
develop new tools for plant-response nitrogen testing containing several N treatments. 'Murray'
peppermint (Mentha piperita L.) was used because it is currently grown more prominately now
than 'Black Mitcham'. The objective of this trial was to measure the optimal rate of N fertilization
for peppermint, while using the N gradient in the field to test instruments that measure the N
status of the plant. The results of the instruments will be addressed in a companion report.

Methods

'Murray' was planted in March, 1991 at the Central Oregon Agricultural Research Center on a
Madras loam (fine-loamy, mixed, mesic Xerollic Durargid). The field was tilled to a 3-inch depth
in February, 1992, to increase plant density. In 1991 and 1992, the years prior to the
experiments, the field received 150 lb N/a in 1991 and 250 lb N/a of urea fertilizer, respectively.
and were fertilized according to soil sample results in 1993 and 1994. Soil samples taken prior to
spring fertilization showed an average of 5 lb N/a in 1993 and 9 lb N/a of inorganic N in the top
12 inches, which N was small relative to the amount of fertilizer applied in the studies.

A complete block design modified by Fox (1973) was used to conserve space while providing
information on incremental N rates from 0 to 480 lb/a. In 1993, twenty-five 20-1b/a increments
were used beginning with 0, but these were condensed to thirteen 40-1b/a increments in 1994 to
insure adequate area for harvest sampling. Plots measured 15 ft by 3.33 ft in 1993, when the
entire plot was harvested (50 ft2), and 15 ft by 6 ft in 1994 with the same amount harvested (50
ft2). Three replications were used in 1993 and two in 1994.

Urea fertilizer was applied at three times during the season for two reasons. First, we wished to
avoid salinity effects of high fertilizer applications, because salinity has been shown to reduce
peppermint yields at moderate levels. Second, we also wanted to protect against potential spring
rainfall events that could leach the soil N. Hence, N applications were limited to 100 lb N/a for

1Supported by an Oregon Department of Agriculture Groundwater Protection Grant
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the first application, and 150 lb N/a for the second application, as shown in Table 1. Urea fertilizer
was applied on April 14, May 26, and July 26, 1993, and on April 13, May 20, and July 11, 1994.

Table 1. Nitrogen rates for three applications

Total	 April	 June	 July

lb N/a
0	 0	 0	 0
20	 6.7	 6.7	 6.7
40	 13.3	 13.3	 13.3
60	 20	 20	 20
80	 26.6	 26.6	 26.6
100	 33.3	 33.3	 33.3
120	 40	 40	 40
140	 46.6	 46.6	 46.6
160	 53.3	 53.3	 53.3
180	 60	 60	 60
200	 66.7	 66.7	 66.7
220	 73.3	 73.3	 73.3
240	 80	 80	 80
260	 86.6	 86.6	 86.6
280	 93.3	 93.3	 93.3
300	 100	 100	 100
320	 100	 110	 110
340	 100	 120	 120
360	 100	 130	 130
380	 100	 140	 140
400	 100	 150	 150
420	 100	 150	 170
440	 100	 150	 190
460	 100	 150	 210
480	 100	 150	 230

Plots were harvested on August 9, 1993, and August 4, 1994. The entire sample was bagged and
weighed fresh, a subsample was used for moisture determination, and the remainder was air-dried
in burlap bags to await distillation. Distillation occurred at a research distillery at the Central
Oregon Agricultural Research Center in Madras, Oregon.
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Results

Nitrogen resulting in highly significant effects on dry matter and oil yields, as shown in Figures 1
and 2, respectively. The dry matter yield increased with N to 240 lb/a in 1993, and 200 lb/a in
1994 (Fig. 1). Beyond those levels, no significant yield increase was found. The oil yield response
(Fig. 2) also increased with N to 240 lb/a in 1993, which was identical to the dry matter rate, and
to 280 lb/a in 1994, which rate was higher than the dry matter rate. The least significant
differences, LSD0.05 , between treatments were 6.1 and 8.2 lbs oil per acre and 543 and 417 lbs
dry matter per acre, for 1993 and 1994 respectively.

The similarities in yield response occurred during two contrasting weather scenarios of wetter
(1993) and hotter (1994) than the 30-year mean (Taylor). The year 1993 had 6.46 inches of
precipitation from March to July, which was 181 percent of the 30-year mean of 3.56 inches.
Mean temperatures for 1993 were near the 30-year mean, including a warm May that was 5.7 F
above average, but a July that was 6.1 F below average. In contrast, the 1994 growing season
was much warmer, being 3.2 F greater than the 30-year mean, including 7.1 greater in July.
Precipitation for the 1994 season was merely 10 percent over the average.

Nitrogen Applied (Ib/a)
Figure 1. Dry matter response to nitrogen fertilizer, 1993 and 1994, Madras, Oregon
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Figure 2. Peppermint oil response to nitrogen fertilizer, 1993 and 1994, Madras, Oregon

Discussion

A previous N-response experiment was conducted in central Oregon by Hee (1974), who
concluded that 250 to 300 lb N/a was an optimum range for the 'Black Mitcham' cultivar. The
'Murray' cultivar is thought to be less aggressive, but is now grown because of its resistance to
verticillium wilt. Our data suggest that there was little difference in yield response of the two
cultivars in central Oregon, and that 250 to 280 lb/a was sufficient for optimum yield.

A separate irrigation-N-fertility experiment by the author, in the same field as this experiment,
tested rates of 0, 50, 150, 250, and 350 lb/a of N (Mitchell et al., 1994). There was high
variability in 1992, possibly due to high winter carry-over of soil N, and the 50-1b/a treatment
resulted in the highest yield. In 1993, 250 lb/a was found to produce the highest oil yield. In
1994, the best-yielding treatment was the 250 lb/a rate applied at three times in the spring

Investigations of N-fertility in other locations in the Pacific Northwest have arrived at nearly the
same conclusion. Heuttig (1969) tested five farms in western Oregon for rates from 0 to 450 lb/a,
and concluded that 200 lb/a was optimum. Brown (1982) found considerable yield variability in
tests in Parma, Idaho, but the largest (nonsignificant) yields were at 400 lb/a in 1980 and 240 lb/a
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in 1981. Nelson et al. (1971) at Prosser, Washington, found no significant yield difference for N
rates between 100 and 600 lb/a when applied as aqua ammonia. Nelson (1971) did find top yields
ranging between 200 and 300 lb/a of N for his cultural practice experiment.

In Tasmania, Clark and Menary (1980) found optimum rates at 224 and 336 lb/a. More recently,
Wescott et al., (1993) reported the yield for 'Black Mitchum' to be between 250 and 350 lb/a in
Montana during an extremely wet year. All of these studies agree that there is no significant
difference in oil yield between 250 lb/a and higher rates. In summary, 250 lb/a should be adequate
for yearly spring N-fertilization of peppermint in central Oregon.
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SUGAR BEET PERFORMANCE IN CENTRAL OREGON IN 1994

Gordon Fellows, Ray Haas, and Fred Crowe

Abstract

In a demonstration trial at the COARC in 1994, a sampling of sugar beet varieties yielded
between 19.4 and 21.8 percent sugar and between 10,145 and 13,897 total pounds of sugar per
acre. Two other trials on growers' fields in central Oregon yielded similarly. Together, these
trials demonstrate that beet production in central Oregon could meet the commercial needs of
industry.

Introduction

Results are presented here for sugar beet variety performance in one of three trial plantings of
sugar beets in central Oregon by the Holly Sugar Corporation during 1994. This trial was located
at the Madras farm of the Central Oregon Agricultural Research Center. Results from the other
two trials located in growers' fields in Culver and Prineville are not shown, but were similar. All
trials were considered as demonstration trials to determine general performance in this region, and
to gather preliminary evidence of the type of varieties which might perform best. Varieties were
not replicated in any trials.

Materials and Methods

The previous crop was dryland wheat grown in 1990; the land lay fallow until 1994. Ground
temperature at planting on May 3, 1994, was 66°F. The other two trials in central Oregon were
planted about 10-14 days earlier. Seed lines were on 22-inch rows, and aldicarb was applied with
the seed. Soil pH was 6.3 in this Madras Loam soil type, and following preplant fertilization there
were 196 lb/a of total nitrogen available at planting based on a soil test. Beet seed was planted
with a hand planter, and plants were thinned on May 15, 1994. An additional 96 lb/a of N was
applied by broadcasting three times during the spring and early summer. The trial was hand-
weeded five times between May 17 and July 6, until beet foliage covered the rows.

Seven varieties were included:

1. HH 50, lot #501412 which was small seeded and treated with Procoat.
2. Rhizosen Plus, lot #933403 which was large seeded and treated with Procoat.
3. Beta 1996, large seeded.
4. Hileshog 5892, large seeded.
5. WS 91, large seeded.
6. Beta 8422, large seeded.
7. Beta KW 6000, large seeded.
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Results and Discussion

Petiole nitrogen was monitored at least monthly, as excessive nitrogen during the season may
result in excessive top growth and reduced root and sugar production. In general, petiole
nitrogen fell rapidly between June and August and remained low thereafter. Early bolting was
observed in the Rhizosen Plus variety. General performance was monitored from 15-20 beets per
variety during September and October as the crop matured. Data in Table 1 are shown for final
harvest on October 12, 1994, and include tonnage yields, percentage of sugar concentration in the
beets, and the estimated total pounds of sugar per acre.

Results from one year, and from non-replicated trials, should be considered very preliminary.
Nevertheless, beet performance was considered very acceptable.

These results confirm the hypothesis that selected sugar beet varieties might produce suitable
sugar in central Oregon to meet commercial needs. Sugar concentrations in central Oregon were
19-22 percent, which were higher than concentrations (17-19 percent) common for cooler regions
such as Klamath Falls (2,4), and substantially greater than the lower concentrations (16-17
percent) common for warmer regions such as the Treasure Valley (1,6,8,9). Sugar beet tonnage
in central Oregon was comparable that of Klamath Falls (2,4), and substantially less than sugar
beet tonnage (38-44 tons/a) typical for the Treasure Valley (1,6,8,9). Total sugar yield in central
Oregon was comparable to that of Klamath Falls (2,4) and perhaps slighlty lower than the
Treasure Valley (1,6,8,9). Sugar beets emerge and grow best when planted into soil above 45°F
(K. Rykbost, OSU, personal communcation). Delaying planting by more than 2 weeks may lower
potential yields (2), but the few weeks (or less) delay for the trial described above likely resulted
in minimal or no yield reductions.

Citations from OSU research in Klamath Falls and the Ontario (Treasure Valley) region listed
above may be separated by variety evaluations (2,4,8,9), fertility (6,8), time of planting (2),
irrigation requirements (1,5), and weed control (3,7) and are included below should central
Oregon growers wish to learn more about sugar beet handling in these nearby regions. As sugar
beets are a deep-rooted crop able to scavenge residual N, nitrogen fertilizer requirements may be
lower after heavily fertilized crops such as potatoes and onions, and sugar yield and quality may
suffer with excessive N (6).
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Table 1. Performance of seven sugar beet varieties at harvest, October 12, 1994, at COARC-
Madras*

Variety tons of Beets/ac % Sugar lb Sugar/ac

1. HH 50 24.84 20.45 10,145
2. Rhizosen Plus 27.48 19.91 10,822
3. Beta 1996 31.91 21.81 13,897
4. Hileshog 5892 30.86 20.63 12,718
5. WS 91 24.60 19.39 13,413
6. Beta 8422 33.10 20.62 13,621
7. Beta KW 6000 28.95 21.34 12363
* data shown were developed from 15-20 beets selected within a single replication
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POTATO SEED PIECE TREATMENT STUDY

Steven R. James and Frederick J. Crowe

Abstract

An experiment designed to evaluate the efficacy of various potato seed piece treatments
was planted at the Powell Butte site of Central Oregon Agricultural Research Center.
Seed piece treatments included an untreated check, Maxim 5D, Maxim 4FS, Captan 5D,
Tops 2.5D, fir bark, gypsum flour, and untreated suberized seed. Because of the rapid
emergence and ideal soil moisture conditions, there were no statistically significant stand
differences among the treatments tested. Significantly fewer stems per hill were observed
for the suberized treatment than for any other treatment. The suberized treatment
produced the highest yield of No. 1 grade potatoes, the largest tuber size, and the fewest
number of tubers per hill among all treatments tested. The lowest yields of No. 1 grade
potatoes were observed for the Maxim treatments.

Introduction

Various pathogens have the potential to cause serious problems some years in cut potato
seed. Poor stands caused by seed piece decay may be especially troublesome in years
characterized by unfavorable soil moisture and weather conditions. Although seed piece
treatments may not be necessary every year, many growers annually benefit from the
insurance seed piece treatments provide (4).

The cut tuber used as a seed piece is very susceptible to pathogen infection when placed in
a favorable soil environment (2). Rapid formation of suberin and periderm under the cut
surfaces greatly inhibits infection by some wound pathogens (1). Seed piece treatments
also provide benefits. Some treatments eliminate most fungal pathogens from the surface
of the seed tubers and protect them from infection by fungi in the soil while other
treatments (barks) enhance wound healing and periderm formation under the cut surface

(3).

A wide spectrum of seed piece treatments are employed in central Oregon including
gypsum, various fungicides, and suberization of cut seed. This study was designed to
evaluate the common seed piece treatments currently in use in central Oregon.

This study was supported in part by a grant from Ciba-Geigy Corporation.
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Materials and Methods

An experiment designed to evaluate the efficacy of various potato seed piece treatments
was planted June 8, 1993, at the Powell Butte site of Central Oregon Agricultural
Research Center. The experiment was arranged in a randomized complete block design
with four replications. Individual plots were 15 feet long by three rows wide (12 feet),
separated by an unplanted 5-foot border. Sixty Russet Burbank seed pieces were planted
9 inches apart in each plot; 20 seed pieces were planted in each of the three rows. Oregon
Generation III certified seed provided by a Culver, Oregon, seed grower was planted in
the trial.

Seed piece treatments included an untreated check, Maxim 5D at 8 ounces of product per
100 pounds of cut seed, Maxim 4FS at 0.08 fluid ounces of product per 100 pounds of cut
seed, Captan 5D at 1 pound of product per 100 pounds of cut seed, Tops 2.5D at 1 pound
of product per 100 pounds of cut seed, fir bark at 1 pound of product per 100 pounds of
cut seed, gypsum flour at 1 pound of product per 100 pounds of cut seed, and untreated
suberized seed. Tubers were cut and treatments applied 2 to 3 hours prior to planting.
The Maxim 4FS concentrate was diluted with 10 milliliters of water per 100 pounds of
seed and the solution was applied by airbrush to seed pieces rotating in a drum. The seed
for the suberized treatment was cut and allowed to suberize for 7 days at 65°F prior to
planting; whole tubers for the other treatments were stored under the same conditions
prior to cutting. Seed pieces were not inoculated with any pathogens prior to treatment.

The experiment was fertilized, cultivated, sprinkler irrigated, and managed according to
practices commonly used in central Oregon.

The total number of plants that emerged in the middle plot row were counted 43 days
after planting. A weak plant was scored if the plant was less than one-third the height of
normal plants. In addition, 20 seed pieces (10 from each outside row of each plot) were
removed from the soil and evaluated for Rhizoctonia solani and Fusarium spp. The
number of stems per plant was also obtained at that time.

A 15-foot section from the middle row was harvested October 6-7, 1993. Plots were
weighed and graded into three grade and four size categories. The total number of tubers
per plot was determined and used to calculate the average tuber size. Specific gravity was
evaluated by the air/water method.

Results

The seed piece treatment experiment was planted three weeks later than normal because of
wet soils, but after planting, soil moisture and temperature conditions were ideal for rapid
emergence. Because of the rapid emergence and ideal soil conditions, there were no
statistically significant stand differences among the treatments tested (Table 1).

60



Seed piece decay and Rhizoctonia infection are summarized in Table 2. Although some
seed piece decay was noted, it had no effect on final stand. Evidently, the plants emerged
and established themselves prior to any seed piece decay or the decay was not severe
enough to inhibit emergence and growth. On the average, less than one Rhizoctonia
lesion was observed per plant examined.

Table 1.	 The effect of seed piece treatments on stand and stem number of Russet
Burbank Potatoes planted at Powell Butte, Oregon, 1993 

	

Final	 Weak	 Stems
Treatment	 Rate'	 Stand	 Plants	 Per Hill 

no.

Untreated Check	 100	 0	 4.25
Maxim 5D	 8 oz	 96	 6	 4.80
Maxim 4FS	 0.08 fl oz	 96	 2	 4.55
Captan 5D	 1 lb	 96	 1	 4.25
Tops 2.5D	 1 lb	 98	 1	 4.05
Fir Bark	 1 lb	 94	 1	 4.07
Gypsum Flour	 1 lb	 91	 9	 4.25
Suberized	 99	 2	 2.95

LSD 5%	 NS	 NS	 0.64
1--rate of product per 100 pounds of cut seed

Table 2.	 The effect of seed piece treatments on Rhizoctonia and seed piece decay of
Russet Burbank potatoes planted at Powell Butte, Oregon, 1993 

Seed Piece	 Seed Piece
Treatment	 Rate'	 Surface Decay	 Total	 Decay Rhizoc2 

Untreated Check	 30	 30	 0.60
Maxim 5D	 8 oz	 48	 47	 0.25
Maxim 4FS	 0.08 fl oz	 57	 54	 0.18
Captan 5D	 1 lb	 32	 29	 0.25
Tops 2.5D	 1 lb	 32	 29	 0.25
Fir Bark	 1 lb	 54	 53	 0.48
Gypsum Flour	 1 lb	 42	 38	 0.78
Suberized	 33	 31	 0.68

LSD 5%	 NS	 NS	 NS 
1--rate of product per 100 pounds of cut seed.
2--rating Scale: 0=no lesions, 1=one stem lesion, 2=more than one stem lesion but stem
not girdled, 3=stem girdled, 4=many lesions and stem girdled
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Significantly fewer stems per hill were observed for the suberized treatment than for either
the untreated check or the various chemical seed treatments. The suberized treatment
produced the highest yield of No. 1 grade potatoes, the largest tuber size, and the fewest
number of tubers per hill among all treatments tested. The number of stems per hill for
both Maxim treatments was greater than all other treatments. The lowest yields of No. 1
grade potatoes were also observed for the Maxim treatments (Table 3.).

Table 3.	 Seed piece treatment effects on yield, specific gravity, tuber weight, and
the number of tubers per hill for Russet Burbank potatoes planted at
Powell Butte, Oregon, 1993. 

	

Total	 No. 1	 Specific	 Tuber Tubers
Treatment
	

Rate'	 Yield	 Yield	 Gravity	 Weight Per Hill

	

cwt/a	 cwt/a	 oz	 number

Untreated Check	 526	 389	 1.080	 5.06	 8.63
Maxim 5D	 8 oz	 472	 350	 1.080	 5.02	 8.10
Maxim 4FS	 0.08 fl oz	 446	 323	 1.082	 4.78	 8.00
Captan 5D	 1 lb	 506	 373	 1.079	 4.90	 8.89
Tops 2.5D	 1 lb	 520	 366	 1.080	 4.87	 9.08
Fir Bark	 1 lb	 528	 390	 1.081	 5.39	 8.74
Gypsum Flour	 1 lb	 497	 395	 1.081	 5.82	 7.72
Suberized	 526	 436	 1.081	 6.11	 7.25

LSD 5%	 NS	 62	 NS	 0.59	 NS

1--rate of product per 100 pounds of cut seed
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POTATO FUNGICIDE STUDY

Steven R. James and Frederick J. Crowe

Abstract

An experiment to evaluate the efficacy of two clorothalonil formulations (Bravo 720 and
Bravo 825), two mancozeb formulations (Manzate 200DF and Dithane F-45), and copper
hydoxide (Champ) on potato early blight, late blight, and black dot was planted at the
Powell Butte site of Central Oregon Agricultural Research Center on June 7, 1993. No
late blight or black dot was observed during the growing season and minimal early blight
was noted because of weather conditions. All of the fungicide treatments tested reduced
the level of early blight as compared with the untreated check. There were no differences
in early blight control among the fungicide treatments. There were no statistically
significant differences in yield, specific gravity, or tuber weight among the fungicide
treatments.

Introduction

Foliar diseases are commonly observed on potatoes wherever they are grown. Late blight
(Phytophthora infestans) is one of the most devastating diseases on potatoes worldwide,
but rarely has been observed in central Oregon (3,4). Early blight (Alternaria solani) is
the most common annually occurring foliar disease of potatoes in central Oregon. Early
blight is most severe under alternately wet and dry conditions, consequently the problem is
frequently observed in sprinkler-irrigated potato growing regions. If not controlled it can
reduce both tuber yield and quality in some cultivars (1,2).

New fungicide formulations and chemistry are continually being developed for the control
of various foliar diseases on potatoes. This study was designed to evaluate the efficacy of
selected fungicides on late blight, early blight, and black dot (Colletotrichum coccodes).

Materials and Methods

An experiment to evaluate the efficacy of selected fungicides on potato early blight, late
blight, and black dot was planted at the Powell Butte site of Central Oregon Agricultural
Research Center on June 7, 1993. The experiment was planted with the cultivar Russet
Burbank and arranged in a randomized complete block design with four replications.
Individual plots were 22.5 feet long by four rows wide (12 feet). A total of 120 seed
pieces were planted 9 inches apart in each plot, with 30 seed pieces in each row of the
plot. Plots were bordered on each end with 3.75 feet of bare ground.

The experiment was fertilized, cultivated, sprinkler irrigated, and managed according to
practices commonly used in central Oregon.

This study was supported in part by a grant from ISK Biotech Corporation.
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Five fungicide treatments were applied on August 4, 1993, and again on August 18, 1993.
The control plots received no treatment. Applications were made using a carbon dioxide
powered backpack sprayer delivering 30 gallons per minute at 40 psi. Plots were visually
rated for the presence of early blight, late blight, and black dot on August 18, August 31,
September 7, and September 14, 1994. Disease severity was rated as the percent of plants
in the plot with any symptoms of the respective disease.

A 20-foot section from one of the two middle rows was harvested October 19-21, 1993.
Plots were weighed and graded into three grade and four size categories. The total
number of tubers per plot was determined and used to calculate the average tuber size.
Specific gravity was evaluated by the air/water method.

Results

Foliar disease development was minimal during the 1993 growing season in central
Oregon because the plots were planted three weeks later than normal (wet soils) and
temperatures were cooler than normal. No late blight or black dot was observed during
the growing season and minimal early blight was noted.

The effect of fungicide treatments on the severity of early blight is summarized in Table 1.
No early blight was observed until August 31, 1993. All of the fungicide treatments tested
reduced the level of early blight as compared with the untreated check on August 31 and
September 7. There were no differences in early blight control among the fungicide
treatments for any of the dates disease evaluations were conducted. Frost desiccated the
vines on September 20-23, 1993, which terminated foliar disease evaluation.

Fungicide treatment effects on yield, specific gravity, and tuber weight of Russet Burbank
potatoes are summarized in Table 2. There were no statistically significant differences in
yield, specific gravity, or tuber weight among the fungicide treatments.

Table 1.	 Fungicide treatment effects on early blight of Russet Burbank Potatoes 
Early Blight Symptom Development

Treatment	 Rate'	 Aug 18	 Aug 31	 Sept 7	 Sept 14 

Bravo 720	 1.5 Pts/A 0 4 5 8
Bravo 825	 1.4 Lbs/A 0 3 8 8
Manzate 200DF	 2.0 Lbs/A 0 4 5 8
Champ	 4.0 Pts/A 0 5 9 9
Dithane F-45	 1.6 Qts/A 0 5 6 10
Untreated Check 0 13 14 16

LSD 5% NS 5 5 NS

1--rate of product per acre
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Table 2.	 Fungicide treatment effects on yield, specific gravity, and tuber weight of
Russet Burbank potatoes 

Total	 No. 1	 Specific	 Tuber
Treatment	 Rate'	 Yield	 Yield	 Gravity	 Weight

cwt/a	 cwt/a	 oz

Bravo 720 1.5 Pts/A 440 316 1.080 5.92
Bravo 825 1.4 Lbs/A 443 323 1.080 5.83
Manzate 200DF 2.0 Lbs/A 455 339 1.080 8.16
Champ 4.0 Pts/A 419 300 1.081 7.34
Dithane F-45 1.6 Qts/A 441 322 1.080 5.01
Untreated Check 425 315 1.079 5.43

LSD 5% 
1--rate of product per acre

NS	 NS	 NS	 NS 
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DEVELOPMENT OF CONTROL PROGRAM FOR CLAVICEPS PURPUREA IN
KENTUCKY BLUEGRASS SEED PRODUCTION, 1993

Marvin Butler, Fred Crowe, Dale Coats, and Steve Alderman

Abstract

Ergot, an important flower-infecting pathogen affecting grass production, is particularly damaging
to Kentucky bluegrass. To determine control measures without the use of field burning, three
fungicides in combination with, and without, the wetting agent, Penaturf, were evaluated on two
'Coventry' Kentucky bluegrass fields located at Trail Crossing and Powell Butte. Ergot infestation
was substantially higher at Powell Butte, which had been infested with 1 pound of ergot sclerotia
in December and February. All treatments significantly reduced the total number of sclerotia per
plot compared to the untreated check. Punch provided the best ergot control, except when
applied without the normal surfactant. Double treatments of all materials at the high rate out-
performed single treatments of the same rate, or double application at the half rate. This was true
whether the second application was a fungicide or the wetting agent, Penaturf. Folicur was the
only fungicide to reduce seed germination. There were significant differences between treatments
for all variables at the Powell Butte location.

Introduction

Ergot, caused by the fungus Claviceps purpurea, is an important flower-infecting pathogen in
grass seed production regions of the Pacific Northwest. The pathogen produces an elongated,
black sclerotia that replaces seeds in infected florets and causes a reduction in yield. These
sclerotia are the primary means of survival and source of inoculum. In the spring, during
flowering, spores from the sclerotia infect the grass flower and produce secondary spores, which
causes exudate (honeydew) and makes harvest difficult. These secondary spores can be spread by
water, wind, and insects prior to sclerotia formation.

Of the grass species grown for seed in Oregon, Kentucky bluegrass is particularly affected by
ergot. Surveys conducted in central Oregon, where Kentucky bluegrass is the dominant variety
being grown, indicate strong regional variation with high levels in the Culver and Metolius areas,
contrasted to low incidence on the Agency Plains.

Because there are no fungicides registered for ergot, the only method of controlling the disease
has been through open field burning. This practice has partially suppressed the disease in the past,
as indicated by research conducted by John Hardison, plant pathologist at Oregon State
University. Pressure to decrease burning may leave grass seed producers with no effective tools.

Methods and Materials

Research was conducted on two first-year Coventry Kentucky bluegrass fields in central Oregon.
One was with a grower cooperator in the Trail Crossing area and the other was at the Central
Oregon Agricultural Research Center, Powell Butte site. The Powell Butte location was
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inoculated with 1 pound of ergot sclerotia on December 18, 1992, and February 10, 1993, to
insure a high inoculum level. Three fungicides, flusilazole (Punch, Dupont), propiconazole (Tilt,
Ciba Geigy), and tebuconazole (Folicur, Mobay), in combination with and without Penaturf
surfactant, were applied to 10-foot x 20-foot plots replicated four times in a randomized complete
block design. Materials were applied with a CO2 pressurized boom sprayer. Following local
standard procedure for fungicide application to grass seed, 1 pint/ 100 gals of LI 700 penetrant
and 1 pint/a of 17 percent oil were applied in combination with all fungicides, except one of two
28 oz /a Punch treatments. Applications were made at Trail Crossing on June 7 and June 19, and
treatments at the Powell Butte site were made on June 10 and June 19.

One hundred panicle samples were collected from each plot at Trail Crossing on July 6 and at
Powell Butte on July 9. Samples were evaluated for percent of panicles with sclerotia, average
sclerotia per panicle, and total sclerotia per plot. Standard seed separation and germination
testing procedures were followed. Weight was determined per sample and 1,000 seed count, and
percent germination per 100 seed.

Results and Discussion

A summary of the results for the Trail Crossing location are provided in Table 1, and data for the
Powell Butte site is shown in Table 2. Disease levels at Powell Butte, where the trial was
inoculated with sclerotia, were much more severe than at Trail Crossing. There were statistically
significant differences between treatments for all variables evaluated at the Powell Butte site, and
all but seed weight at Trail Crossing.

All treatments significantly reduced the total number of sclerotia per plot when compared to the
untreated check. Punch provided the best ergot control, with exception of the treatment without
the LI 700 and 17 percent oil. Double treatments of all three materials at the higher rate out-
performed single treatments of the same rate or double application at half the rate. This was true
whether the second application was a fungicide or the wetting agent, penaturf. Effectiveness of
the double treatment of Penaturf at Powell Butte or the LI 700 and 17 percent oil treatment at
Lower Bridge was well below that of the double fungicide treatments at the higher rates. Results
for percent panicles with sclerotia and sclerotia per panicle were similar to total sclerotia per plot.

Folicur was the only fungicide to reduce seed germination, with all four Folicur treatments at the
Trail Crossing location and the double Folicur treatments at Powell Butte statistically lower than
the untreated plots. At the Powell Butte site, weight per sample was statistically reduced by the
double Penaturf treatment when compared to the untreated. These data corroborate the trend
from last year, which indicated reduced germination with Folicur applications and reduced seed
weight with the use of Penaturf.

67



Table 1. Evaluation of fungicide treatments for ergot control on Coventry Kentucky bluegrass in the Trail Crossing area
of central Oregon, 1993

Fungicide
Treatments

Rate Panicles
with sclerotia

Sclerotia
per panicle

Sclerotia
per plot

Weight
per sample

1000 seed
weight GerminationJune 7	 June 19

(oz /a) (percent) (no. per 100 panicles) (g) (mg) (%)

Punch 25EC 281 1.8 ab2 0.8 a 3.3 ab 9.1 338 84 ab
Punch 25EC 56 0.3 a 0.3 a 0.3 a 9.1 315 81 ab
Punch 25EC 28 0.5 ab 0.5 a 1.0 a 8.9 318 81 ab
Punch 25EC, Punch 25EC 28 28 0 a 0	 a 0 a 8.5 345 95 a
Punch 25EC, Penaturf 28 87 0 a 0	 a 0 a 7.8 318 96 a
Folicur 3.6F 8 1.0 ab 0.6 a 1.3 a 8.9 308 58 c
Folicur 3.6F, Folicur 3.6F 4 4 2.5 ab 2.2 a 8.8 b 8.2 315 63 c
Folicur 3.6F, Folicur 3.6F 8 8 1.3 ab 0.6 a 1.5 a 9.0 323 31 d
Folicur 3.6F, Penaturf 8 87 0.5 ab 0.5 a 0.5 a 8.3 303 68 be
Tilt 3.6E 8 2.5 ab 1.2 a 4.0 ab 8.9 345 85 a
Tilt 3.6E, Tilt 3.6E 4 4 1.3 ab 1.8 a 3.5 ab 8.7 308 90 a
Tilt 3.6E, Tilt 3.6E 8 8 0.5 ab 0.5 a 0.5 a 8.5 310 93 a
Tilt 3.6E, Penaturf 8 87 0.5 ab 1.3 a 1.3 a 9.5 310 91 a
Penaturf, Penaturf 87 87 2.5 ab 1.3 a 4.3 ab 7.8 320 95 a
Untreated 3.5 b 5.3 b 16.5 c 9.4 348 96 a

1 fungicide treatment without LI 700 penetrant and 17 percent oil
2 means in column followed by the same letter are not statistically different by Duncan's Multiple Range test at P < 0.05



Table 2. Evaluation of fungicide treatments for ergot control on Coventry Kentucky bluegrass at the COARC Powell Butte
location in central Oregon, 1993

Fungicide
Treatments

Rate Panicles Sclerotia
per panicle

Sclerotia
per plot

Weight
per sample

1000 seed
weight GerminationJune 10 June 19 with sclerotia

(oz /a) (percent) (number per 100 panicles) (g) (mg) (%)

Punch 25EC 281 41 deft 2.1	 abc 121 abcde 8.3	 a 388	 ab 65 ab
Punch 25EC 56 8 a 1.2	 a 12 a 6.7 bc 395	 ab 67 ab
Punch 25EC 28 22 ab 1.7	 ab 51 ab 6.7 bc 365	 ab 75 ab
Punch 25EC, Punch 25EC 28 28 17 ab 1.7	 ab 31 a 7.5	 ab 360 ab 83 ab
Punch 25EC, Penaturf 28 87 15 ab 1.3	 a 24 a 7.2 abc 353	 ab 84 ab
Folicur 3.6F 8 45 def 2.9	 bcd 184 bcde 6.9 abc 343	 b 64 abc
Folicur 3.6F, Folicur 3.6F 4 4 57 fg 3.2	 cd 224 de 7.7 ab 343	 b 56 bc
Folicur 3.6F, Folicur 3.6F 8 8 30 bcd 2.2	 abc 78 abcd 7.6 ab 355	 ab 39 c
Folicur 3.6F, Penaturf 8 87 24 abc 1.8	 abc 52 ab 7.2 abc 348	 ab 69 abc
Tilt 3.6E 8 45 def 3.2	 cd 212 cde 7.8	 ab 375	 ab 87 a
Tilt 3.6E, Tilt 3.6E 4 4 50 of 3.1	 bcd 191 bcde 7.5	 abc 388	 ab 85 ab
Tilt 3.6E, Tilt 3.6E 8 8 31 bcde 2.4	 abc 97 abcde 7.8	 ab 370	 ab 88 a
Tilt 3.6E, Penaturf
Penaturf, Penaturf

8
87

87
87

32
56

bcde
fg

1.9	 abc
3.9	 d

73
244

abc
e

7.5 ab
6.1	 c

403	 a
375	 ab

89 a
91 a

Untreated 70 g 4.0	 d 466 f 8.1	 a 383	 ab 90 a

1 fungicide treatment without LI 700 penetrant and 17 percent oil
2 means in column followed by the same letter are not statistically different by Duncan's Multiple Range test at P < 0.05



FUNGICIDE EVALUATIONS FOR POWDERY MILDEW AND RUST
CONTROL ON KENTUCKY BLUEGRASS, 1994

Marvin Butler, Faith Potter, and Ed Clark

Abstract

Fungicide trials were conducted to evaluated for efficacy against powdery mildew and rust on
Kentucky bluegrass grown for seed in central Oregon. Applications were made at two locations,
on the Agency Plains and in the Culver area. Materials included Tilt, Bayleton, Folicur, and
Orthorix, alone and in combination. The fungicides were applied every 3 weeks, while the sulfur
product, Orthorix, was applied biweekly. Results indicate Tilt, Bayleton, and a combination of
the two provided significant protection from powdery mildew compared to untreated plots at both
locations. Adequate symptoms did not develop for an evaluation of rust control.

Introduction

Powdery mildew and rust are major disease concerns of Kentucky bluegrass seed growers in
central Oregon. Both diseases are weather-dependent, but powdery mildew usually appears
during April and May and rust from May to June. Materials commonly used are Bayleton and
Tilt, with Bayleton often being used earlier and Tilt used later in the season. The objective of this
research was to evaluate two products which were applied alone and in combination, against the
industry standards, Tilt and Bayleton. The two new materials included Orthorix, a sulfur product
which was evaluated alone and in combination with Tilt, and the fungicide Folicur which is
expected to receive registration in the near future.

Methods and Materials

Research was conducted at two locations, at a rugby field (Harris) on Agency Plains and in the
Culver area (H & T) on a gnome field. Materials were applied with a CO2 pressurized boom
sprayer at 40 psi at a carrier rate of 20 gal./a to 10-foot x 20-foot replicated plots. Treatments
were initiated on May 2 and were completed on June 11, 1994, with biweekly applications for
Orthorix and application every 3 weeks for the other fungicides (Table 1). Application rates were
1/2 gallon for Orthorix, and 4 ounces for Tilt, Folicur, and Bayleton. Silwet-77 at 8 oz/100 gal
and R-56 at 1 pt/100 gal were applied to the non-Orthorix treatments.There was a maximum of
four Orthorix applications, three applications of the other fungicides, and combinations thereof.
Fields were evaluated for the presence of powdery mildew on May 7 and 8, 1994, by rating 20
observations per plot on a scale from 0 (none) to 5 (throughout). Evaluation of rust was not
possible since the disease did not adequately develop at either location.

Results and Discussion

Results (Table 2) indicate Tilt, Bayleton, and the combination of the two provided significant
protection from powdery mildew compared to the untreated plots at both locations. Folicur and
Orthorix treatments were significantly different from the untreated plots at the Culver location,
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but not on the Agency Plains where the disease was more severe. Orthorix alone did not
significantly reduce powdery mildew when compared to the untreated plots; however the trend
shows reduced incidence of the disease at both locations. From informal observation, the
Orthorix appears to provide its best control when plants are small and good coverage can be
achieved, with incidence of the disease increasing as penetration of the material becomes more
difficult.

Table 1. Spray schedule of fungicide applications for powdery mildew and rust control on
Kentucky bluegrass grown for seed in central Oregon, 1994

Treatment	 May 2	 May 16	 May 23	 May 30	 June 11

1	 Orthorix	 Orthorix	 Orthorix	 Orthorix
2	 Orthorix	 Orthorix	 Orthorix	 Tilt
3	 Orthorix	 Orth+Tilt	 Tilt
4	 Orthorix	 Tilt	 Tilt
5	 Tilt	 Tilt	 Tilt
6	 Folicur	 Folicur	 Folicur
7	 Bayleton	 Bayleton	 Bayleton
8	 Bay+Tilt	 Bay+Tilt -	 Bay+Tilt
9	 Untreated

Table 2. Influence of fungicides on incidence of powdery mildew on Kentucky bluegrass grown
for seed on Agency Plains and in the Culver area of central Oregon, 1994

Treatment Agency Plains Culver

Orthorix, Orthorix, Orthorix, Orthorix 1.11 ab2 0.6 ab
Orthorix, Orthorix, Orthorix, Tilt 1.4 ab 0.2 a
Orthorix, Orthorix+Tilt, Tilt 0.2 ab 0.1 a
Orthorix, Tilt, Tilt 0.1 ab 0 a
Tilt, Tilt, Tilt 0 a 0 a
Folicur, Folicur, Folicur 0.6 ab 0 a
Bayleton, Bayleton, Bayleton 0 a 0 a
Bay+Tilt, Bay+Tilt, Bay+Tilt 0 a 0 a
Untreated 1.8 b 1.1 b

1 rating scale from 0 to 5, 0=none, 1=few spots, 2=light, 3=moderate, 4=heavy, 5=throughout

2 mean separation at P < 0.05
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ROUGHSTALK BLUEGRASS CONTROL IN KENTUCKY BLUEGRASS

Marvin Butler, Jim Carroll, Brett Dunn, Kurt Farris, and Mark Morlan

Abstract

Contamination of Kentucky bluegrass seed with roughstalk bluegrass seed has become an
increasingly serious problem for the central Oregon grass seed industry. To identify possible
control measures, herbicide trials were conducted at four locations in central Oregon. Three
materials were fall-applied at two rates, in a grid pattern producing all combinations. Two
additional materials were applied alone, with both fall and spring applications. Two trials were
conducted on Kentucky bluegrass fields to evaluate crop injury, and two trials on roughstalk
bluegrass fields to determine efficacy. Results indicate crop injury to Kentucky bluegrass from fall
applications were highest for Horizon and lowest with Assert. Results of materials fall-applied to
roughstalk bluegrass were mixed. At one location where the grass was under stress, most
treatments looked very promising, but no effects were observed at the other location.

Introduction

Although central Oregon has historically been a Kentucky bluegrass growing area, the acreage of
roughstalk bluegrass (Poa trivialis) has continued to increase over the last several years. In 1994
there were 3,800 acres of roughstalk bluegrass, one-third of grass seed production in the area.
Contamination of Kentucky bluegrass seed with roughstalk bluegrass has become an increasingly
serious problem for the central Oregon grass seed industry. In an effort to find methods of
reducing contamination, herbicide trials were conducted during the 1993-1994 season. Two sets
of plots were placed in roughstalk bluegrass fields (Bissell, var. Colt and Grote var. Laser) to
determine herbicide efficacy, and two sets on Merit Kentucky bluegrass fields (Dodge and
Weigand) to evaluated crop safety.

Methods and Materials

Eight materials were fall-applied in a grid pattern at four locations on October 16, 1993. Materials
included Horizon at 1 1/2 pints, Assert at 11/2 pints, Goal at 10 and 20 ounces, Diuron at 1 and 2
pounds, and Lexone at 2-2/3 and 5-1/3 ounces. Horizon and Assert were spring-applied to
untreated plots on March 24. Materials were applied to 10-foot x 10-foot plots with a CO2
pressurized boom sprayer at 40 psi at a carrier rate of 20 gal/a. There was no precipitation
following fall application of materials; however, the Grote site was sprinkle-irrigated from a water
tank about 3 weeks after application. Evaluations were made on February 16, April 15, and June
3, 1994. Crop injury and volunteer control were determined by rating biomass reduction, not
reduction in plant population.
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Results and Discussion

Results of the February evaluations indicate that injury to Kentucky bluegrass was highest with
Horizon at 75 percent, lowest for Assert at 6 percent, with other materials and combinations in
the 8-20 percent range. The Diuron-Lexone, Goal-Lexone, and Lexone-Lexone combinations
produced 15-20 percent injury. Spring application of Assert and Horizon produced 5 percent and
15 percent injury, respectively.
The percent control of roughstalk bluegrass at the Bissell site was less than 100 percent for Goal
and Diuron applied alone. Goal provided 30 percent control at 20 ounces and 60 percent at 30
ounces, while Diuron at 2 pounds provided 80 percent control. The poor performance of Goal is
not unexpected since there was no precipitation following application. The high level of control
at the Bissell site is thought to be the result of crop stress, since the Grote location did not show
any logical patterns which could be attributed to the fall herbicide applications. Fall application of
Assert provided good control of roughstalk bluegrass. Spring application of Assert caused 60
percent injury to rough bluegrass, while Horizon resulted in 20 percent injury. However,
regreening took place following both spring applications.

Evaluation of percent volunteer control in Kentucky bluegrass was highest for Horizon at 88
percent, which continued to produce the greatest injury. Assert, Lexone-Lexone, Lexone-Diuron,
and Diuron-Diuron provided 75 percent control, Goal combinations were in the 60-65 percent
range, and Goal, Diuron, and Lexone alone were at 50-55 percent control. There was a pattern
of slight stunting where Lexone had been applied, but this disappeared later in the spring.

Seed set on Kentucky bluegrass was significantly reduced by the fall application of Horizon.
Lexone also appears to reduce seed set, although to a lesser degree.

73



Table 1. Result of fall applied herbicides to control roughstalk bluegrass in Kentucky bluegrass in
central Oregon, 1993-94

Kentucky bluegrass
	 Roughstalk bluegrass

Crop'
	

Volunteer
	

Crop
Treatment
	

Rate
	

Injury
	 Control
	

Control    

	percent

68
88
55
60
50
70
50
70
65
65
65
65
70
65  

Assert
Horizon
Goal
Goal
Diuron
Diuron
Lexone
Lexone
Goal + Diuron
Goal + Diuron
Goal + Lexone
Goal + Lexone
Diuron + Lexone
Diuron + Lexone

product/a

11/2 pts
11/2 pts
20 oz
30 oz
2 lbs
3 lbs

5 1/3oz
8 oz

20 oz + 1 lb
10 oz + 2 lbs

20 oz + 2-2/3 oz
10 oz + 5-1/3 oz
2 lbs + 2-2/3 oz
1 lb + 5-1/3 oz

6
75
8
10
7
10
10
20
12
10
12
15
15
17

1002
95
30
60
80
100
100
100
100
100
100
100
100
100

1 crop injury and volunteer control evaluated as biomass reduction rather than stand reduction
2 there were no observable effects from herbicide treatments at the other location
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STATE-WIDE CEREAL VARIETY TESTING PROGRAM TRIALS
IN CENTRAL OREGON

Russ Karow, and Helle Ruddenklau
Steve James, and Mylen Bohle

Abstract

Winter and spring barley, triticale and wheat trials were conducted at Madras as a part of the
1993-94 state-wide cereal variety testing program. These trials are sponsored by the OSU
Cooperative Extension Service, OSU Agricultural Experiment Station, Oregon Wheat
Commission, and Oregon Grains Commission. Winter wheats, winter triticales, and spring barleys
were the highest-yielding grain groups. Within each group there were performance differences
among varieties, but only slight differences among top-ranked varieties for yield. Growers are
advised to carefully consider desired crop characteristics, in addition to yield, when making variety
decisions. Trial data is summarized in tabular form. Trial results from across the state will be
summarized in a publication that will be available to growers in early 1995. Similar trials are
being conducted in 1994-95.

Introduction

New cereal varieties are being released by Pacific Northwest plant breeders yearly. In order to
provide growers in all major cereal-production regions of Oregon with local data on new and old
variety performance, a state-wide cereal variety testing program was initiated in 1992-93. Funding
for the program is provided by the OSU Agricultural Experiment Station, Oregon Wheat
Commission, and Oregon Grains Commission.

The program is centrally coordinated by Russ Karow, OSU Extension Cereals Specialist, and
Helle Ruddenklau, Department of Crop and Soil Science Research Assistant. The central team,
with the assistance of numerous student workers, packages and distributes seed to cooperators
across the state. Cooperators, like Steve James and Mylen Bohle in central Oregon, plant, manage,
and harvest the trials. The central team then processes harvested grain, analyzes results and
provides summary data to extension agents, seed dealers, field men, and growers across the state.

Eleven sites are included in testing network. Winter and spring barleys, triticales, and wheats from
several market classes are being tested. Height, lodging, yield, and test weight are determined for
all varieties. Heading date, disease reactions, protein content, and other quality factors are
determined as time and labor allow.

Data for winter cereals from all sites will be summarized in a publication entitled "Winter Cereals
for 1995." This publication will be available in county extension offices in the spring. Spring
variety data is to be summarized in a similar publication. A draft version should be available in
January 1995.
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Materials and Methods

Plots (5 x 20 feet) were seeded at a rate of 30 seeds per square foot using an Oyjord plot drill.
Pound per acre seeding rates varied from a low of 87 lb/a for Hesk winter barley (15,100 seeds per
pound) to a high of 157 lb/a for Steptoe barley (8,323 seeds per pound) to achieve the desired 30
seeds per square foot seeding rate. Winter trials were seeded on October 22, 1993, while spring
trials were planted on April 18, 1994. Residual soil nitrogen levels were high at the test site - >150
lbs N/a in the top 2 feet of soil. Winter and spring barley and spring wheat/triticale plots were not
fertilized with nitrogen. Winter wheats and triticales were top dressed with 54 lb/a of nitrogen as
34-0-0 on April 20, 1994. All plots were top dressed with 50-60 pounds per acre of sulfur as 0-0-
0-15. Herbicide and irrigation programs were typical for central Oregon production. Grain was
harvested with a Wintersteiger plot combine. Harvested grain was cleaned with a Pelts rub-bar
cleaner. Plot yield, test weight, and moisture were all determined on cleaned samples. Winter and
spring wheat and triticale yields are reported on a 10 percent moisture basis and in 60-pound
bushels. Wheat and triticale proteins are reported on a 12 percent moisture basis and were
determined using a new whole-grain protein analyzer purchased for OSU by the Oregon Wheat
Commission. Barley protein and moistures will be determined on the whole-grain analyzer as well,
but the necessary software is not yet available. Barley yields are reported on an as-is moisture
basis.

Results and Discussion

Winter Wheats and Triticales

Data for winter wheats and triticales are presented in Table 1. Stephens, Malcolm, and Cashup
were highest yielding among the named soft white wheat varieties, but many varieties, including
MacVicar, Nugaines, W301, and Celia, were not statistically lower in yield. There was a narrow
range of yield values in the trial for named varieties (93 to 126), which suggests that most are
similar in yield potential. Whitman triticale was earliest in heading (Julian 143, May 23) while
Madsen was the latest (Julian 165, June 14). Gene was the shortest variety (33 inches) while Bob
triticale was the tallest (46 inches). No lodging was observed. Test weights averaged 60.2 lb/bu.
Note that the test weight for Celia triticale is 58.5 lb/bu. This variety produces grain with a visual
appearance similar to wheat. It is not a shrunken-kernel type triticale.

Protein levels were lower than those observed in the 1993 trial - 10.1 versus 11.2 average protein.
Research in the Pacific Northwest has shown that protein levels in the 9.5 to 10 percent range
indicate adequate nitrogen fertilization. Higher proteins suggest that excess nitrogen was present in
the production system. Protein levels in the 1994 crop suggest that nitrogen management of the
trial was good. Madsen and Gene have consistently shown higher protein levels than other
commonly grown varieties. This is the case in this trial as well. Triticales have historically, and
mistakenly, been viewed as possible protein sources in feed rations. As this trial shows, current
triticale varieties are similar or lower in protein than soft white wheats.

Seeds per pound data is provided to emphasize the point that seed size must be considered when
making planting decisions. Harvested grain ranged in size from 9,300 to just under 15,000 seeds
per pound - nearly a 40 percent difference. Be sure to ask your seed dealer for seed size
information when you buy seed.
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Winter Barleys

Winter barley data are presented in Table 2. Showin was the top yielding variety, as was also the
case in 1993. Average barley yield was 2,700 pounds less than the average winter wheat yield
(4,005 versus 6,720 lbs). Hoody ( a hooded barley intended for forage use), Kamiak and Steptoe
plots were feasted on by birds. The low yields observed for these varieties may be due, in part, to
this damage. Growers interested in feed grains are encouraged to compare barley yields to those of
triticales. Celia, a recent OSU release, had a yield similar to the highest-yielding wheats. Celia
out-yielded Showin, the highest yielding barley, by over 1,800 lbs/a.

Spring Wheats and Triticales

Spring wheat and triticale data are presented in Table 3. The average spring wheat/triticale yield
was 69 percent of the average winter yield (77 versus 112 bu/a). Centennial, the highest yielding
spring soft white, yielded only 73 percent of Cashup, the highest yielding winter grain (89 versus
123 bu/a). Like winter grains, the springs showed a narrow yield range suggesting similar yield
potential. All hard red springs were below the trial average in yield. Spring varieties were similar
to winters in height and also showed no lodging. Test weights were lower than those of winter
wheats, but are still quite acceptable. Protein content was significantly higher.

Klasic, a hard white wheat, was the highest- yielding spring wheat in 1993 and ranked second this
season; however, despite it's excellent performance, have a contract in hand before you grow this
variety. Marketing of hard white wheats can be difficult. As was the case last year, spring
triticales did not yield well in comparison to top-yielding spring wheats.

Spring Barleys

Spring barley data are presented in Table 4. On average, spring barleys out-yielded spring wheats
and triticales and winter barleys. Columbia, Gustoe, and Maranna - short-statured, later-maturing
varieties - tended to perform best. Maranna and Gustoe were also among the highest yielding
varieties in 1993. All new varieties had lower lodging values than Steptoe, the most widely grown
spring barley. Baroness, a Western Plant Breeders variety that has performed exceptionally well
elsewhere in the Pacific Northwest, had only average yield in this trial and showed some lodging;
however, it's test weight was superior, a Baroness trademark.

Conclusions

As was the case in 1993, soft white winter wheats, winter triticales, and spring feed barleys were
top performers among the grains tested. Based on these data, it makes most sense to look within
these groups when making cereal planting decisions. Within these groups there are many varieties
to choose from. As was noted earlier, most varieties are similar in yield so other criteria (heading
date, height, lodging, protein level, test weight, etc.) should be used in making selection decisions.
You are encouraged to obtain a copy of OSU Extension Service Publication SR775 - Winter
Cereals for 1995. This publication will be available at local county extension and experiment
station offices in the spring. A similar publication is planned for spring cereals and should be
available in January 1995.
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Table 1. 1994 State-wide variety testing program winter grain trial at Madras

Trt Variety/
No. line

Market
class

Julian
heading

date
Height

(in)

Yield
(bu/a;

mst adj)

Test
weight
(lb/bu)

1000
Protein Moisture K wgt
percent percent	 (g)

Seeds
per

pound

27 Bob Triticale 158 46 115.1 54.1 9.2 9.7 44.3 10239
1 Cashup SW 163 38 122.7 61.4 10.0 8.7 40.4 11219
25 Celia Triticale 149 36 116.9 58.5 9.1 9.1 44.7 10141
2 Daws SW 161 38 92.8 61.7 9.7 9.2 42.8 10598
3 Gene SW 154 33 106.8 59.8 11.1 9.2 41.0 11055
4 Hill 81 SW 165 43 111.7 61.2 10.2 9.0 38.2 11884
5 Hoff HR 150 36 126.0 63.8 10.8 9.3 43.4 10452
6 Hyak Club 161 39 106.7 61.2 10.5 8.8 39.3 11533
7 Kmor SW 162 39 109.2 59.2 9.7 8.9 40.4 11219
19 Lambert SW 155 40 108.8 59.8 9.7 9.5 43.6 10397
8 Lewjain SW 164 37 106.4 59.9 10.9 8.8 30.3 14985
9 MacVicar SW 158 36 118.1 59.6 10.2 9.4 45.0 10080
10 Madsen SW 165 38 100.9 60.1 11.2 9.0 38.4 11813
11 Malcolm SW 159 38 122.5 59.7 10.0 9.5 45.1 10064
12 Nugaines SW 160 36 118.3 62.3 8.4 8.5 39.0 11640
13 Rely Club 163 42 103.1 60.8 9.7 8.5 39.4 11504
14 Rod SW 163 38 108.0 60.8 9.8 9.2 43.4 10444
15 Rohde Club 160 37 111.7 62.0 9.7 8.3 35.6 12742
16 Stephens SW 157 36 120.0 60.2 10.1 9.1 45.5 9969
17 W301 SW 156 35 118.9 58.8 11.0 9.3 43.5 10428
24 WA7663 SW 162 37 105.6 59.6 9.2 9.2 48.0 9444
26 Whitman Triticale 143 45 107.8 54.7 9.4 10.0 48.5 9347
18 Yamhill SW 163 43 106.8 59.7 10.6 9.2 45.4 9991

OR850513 149 33 109.5 63.8 11.1 9.2 38.5 11773
OR861535 162 37 125.4 59.6 10.2 9.0 39.1 11601
OR880494 161 41 109.9 60.4 10.9 9.1 36.9 12293
OR880525 160 40 114.9 61.6 9.8 8.6 39.4 11513

Average 159 38 112.0 60.2 10.1 9.1 41.5 10941
PLSD (5%) 3 2 13.2 1.3 1.1 0.3 6.0 1582

CV 1 3 7.2 1.3 7 2 9 9
P-VALUE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

yields adjusted to 10 percent moisture, protein to 12 percent
(no lodging was observed)
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Table 2. 1994 state-wide variety testing program winter barley trial at Madras

Trt
No. Variety

Market
class

Julian
head
date

Height Lodging
(in)	 percent

Yield
(lb/a)

Test
wgt

(lbibu)

1000
K wgt

(g)

Seeds
per

pound

1 Gwen 6RF 135 35 2 4266 53.5 37.3 12151
2 Hesk 6RF 147 33 0 4408 54.1 40.5 11200
3 Hoody 6RF 145 39 3 2660 50.5 38.1 11906
4 Hundred 6RF 148 32 0 5044 52.7 35.6 12731
5 Kamiak 6RF 133 34 5 2418 53.3 38.4 11813
6 Kold 6RF 146 33 2 4289 54.3 40.1 11312
7 Showin 6RF 146 25 3 5157 52.2 41.2 11018
8 Steptoe 6RF 141 36 0 3796 52.7 47.2 9610

Average 143 33 2 4005 52.9 39.8 11397
PLSD (5%) 2 6 5 622 2.6 4.4 1260
CV 1 10 154 9 3 6 6
P-VALUE 0.00 0.01 0.33 0.00 0.12 0.00 0.00
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Table 3. 1994 state-wide variety testing program spring grain trial at Madras

Variety/
line

Market
class

Julian
head
date

Height
(in)

Yield
(bu/a)

(mst adj)

Test
wgt

(lb/bu)
Protein
percent

Moisture
percent

Alpowa SW 180 39 77.8 59.9 11.6 9.9
Calorwa Club 178 34 75.2 58.8 12.3 9.5

Centennial SW 178 37 89.3 59.7 11.2 9.9
Dirkwin SW 181 38 79.9 57.8 10.9 10.1
ID377S HW 178 37 86.8 60.7 12.4 10.4

Juan Triticale 181 46 57.6 51.9 11.0 10.6
Klasic HW 175 29 87.5 63.0 11.6 10.1
Owens SW 180 37 77.2 58.5 11.6 9.8
Penawawa SW 181 37 82.9 60.1 11.0 9.8

Treasure SW 182 34 80.6 59.9 10.6 9.7
Twin SW 182 38 78.0 57.5 10.9 10.2

Victoria Triticale 178 43 75.2 52.2 10.5 10.5

Wakanz SW 182 36 71.7 59.5 11.6 9.9
Wawawai SW 178 40 71.4 60.1 11.7 10.2

WB906R HR 176 36 70.5 59.2 12.7 10.3

WB926R HR 176 35 69.5 59.3 12.8 10.3

Whitebird SW 181 39 71.1 58.5 12.1 9.9
Yecora Rojo HR 175 28 75.9 62.4 11.7 10.1

Average 179 37 76.6 58.8 11.6 10.1
PLSD (5%) 1 1 120 1.5 1.0 0.3
CV 1 2 8 2 5 2

P-VALUE 0.00 0.00 0.00 0.00 0.00 0.00

Yields adjusted to 10 percent moisture, proteins to 12 percent
(no lodging was observed)
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Table 4. 1994 state-wide variety testing program spring barley trial at Madras

Trt
No.

Variety/
line

Market
class

Julian
head
date

Height
(in)

Lodging
percent

Yield
(lb/a)

Test
weight
(lb/bu)

1 Baroness 6RF 176 34 7 4949 53.2
2 Colter 6RF 171 42 22 4743 49.5
3 Columbia 6RF 179 32 0 5831 48.5
4 Crest 2RM 171 40 3 4552 50.4
5 Crystal 2RM 176 37 0 3983 52.1
6 Gustoe 6RF 180 27 0 5429 48.6
7 Maranna 6RF 180 31 0 5415 50.4
8 Russell 6RM 168 39 10 4722 52.5
9 SDM306B 6RF 170 35 30 5292 51.7
10 Steptoe 6RF 172 38 88 4668 50.6

Average 174 35 16 4958 50.8
PLSD (5%) 2 1 27 707 2.6
CV 1 3 97 8 3.0
P-VALUE 0.00 0.00 0.00 0.00 0.01
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WATERMARK SENSORS FOR IRRIGATION MANAGEMENT'

Alan R. Mitchell, Joy E. Light and Neysa A. Farris

Abstract

Watermark sensors can be used to determine soil water status and may be useful for schedul-
ing irrigation. In this study, the sensors were calibrated against water content for five soils,
and used to determine water use for potatoes, peppermint, and bluegrass. Optimum placement
depth was found for peppermint (4-6 inches), potatoes (6-8 inches on the side of the hill) and
bluegrass (4-8 inches).

Introduction

Crop scientists as well as farmers need to manage irrigations for proper timing and to apply
the right amount of water. Traditional methods of neutron probe, gravimetric soil sampling,
and tensiometers have problems of cost, reliability, and maintenance. The Watermark sensors
(Irrometer Co., Riverside, CA) have been developed to solve these problems and still be accu-
rate enough to be used by researchers (Eldredge et al., 1993). Recently, Shock and Barnum
(1994) at the Malheur Experiment Station have automated the data collection of Watermark
sensors with AgriMet weather station.

The soil water content calibrations are important to irrigation scheduling for determining the
absolute amount of water in the soil and the amount of the water depleted by the crop. Only
the soil water tension is sensed by the Watermarks, which are modified gypsum blocks. Water
tension, or potential, is a measure of the amount of work required to remove the water that
coats the soil particles. Because soils vary in particle size, the water content vs. soil tension
relationship will also vary for each soil, and will require a separate calibration curve.
The objective of this study was to calibrate Watermarks for five soils, determine crop water
use, and evaluate optimal sensor location for crops of peppermint, potato, and bluegrass. Four
central Oregon soils and a soil from the Lane County, Oregon, were evaluated. The calibra-
tions were performed in the laboratory by equilibrating the sensors at several water contents.
Each soil was analyzed according to an exponential model.

Methods
Calibration of Different Soils

Soil water content calibrations was performed for five different Oregon soils: Madras Loam,
Deschutes Sandy Loam, Ayres Ochoco Series, Metolius Sandy Loam, and Cloquato Silt
Loam. The Madras loam was a well-drained soil, with moderate permeability and low organ-
ic matter and nitrogen in the surface soil. The soil is classified as a fine-loamy, mixed,

Supported by an Oregon Department of Agriculture Groundwater Protection Grant.
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mesic, Xerollic Durargids and was obtained from the Central Oregon Agricultural Research
Center in Madras. The Deschutes sandy loam belongs to a series of soils that are relatively
low in organic matter content, porous, have a neutral surface layer and subsoil, and are rapid-
ly or very rapidly permeable above the bedrock or other material that underlies them. The
soil type used for calibration purposes was obtained from the COARC Powell Butte Farm and
had a clay fraction of approximately 8 percent for the 0-24 inch profile. The Ayres series
soils are light-colored, well-drained and shallow to the hardpan, with low organic-matter con-
tent. The Ochoco series consists of generally well-drained soils that have a light-colored sur-
face layer and a medium, or moderately fine, textured subsoil underlain by a hardpan. The
soil type used for calibration purposes was an Ayres-Ochoco gravelly, sandy loam obtained
from the COARC Powell Butte Farm, with a 12 percent clay base from 0-8 inches, and 20
percent for 8 to 14 inches. The Metolius sandy loam is well drained, has a very slow runoff,
is rapidly permeable and is low in organic matter and nitrogen. The classification used for
calibration was a coarse-loamy, mixed, mesic, Durixerollic Camborthids obtained 3 miles
south of Metolius. The Cloquato silt loam was obtained from the Farver Brothers farm,
north of Eugene. This soil typically has a surface layer that is a very dark, grayish brown silt
loam about 14 inches thick. Permeability is moderate, runoff is slow, and erosion is slight.

Prior to calibration testing, the 24 stainless steel Watermark Model 200SS were immersed in
water overnight. The sensors were then allowed to dry for 1 day after soaking. The contain-
ers used for calibration of the Madras loam and Metolius sandy loam soils were different than
the containers used for the remaining three soils. For the Madras loam and Metolius sandy
loam soils, three sensors were planted wet in eight different, 8-liter containers, each contain-
ing soil at a different water content, ranging from completely saturated to air dry. The sen-
sors were planted by digging out a small hole in the soil, partially filling the hole with water
and pushing the sensor down to the bottom of the hole with a rod. The hole was then back-
filled with soil. Each container was covered with plastic wrap to reduce loss of moisture due
to evaporation. For the Deschutes, Ayres/Ochoco and Cloquato soils, smaller 560-ml contain-
ers were used for burying the sensors. For each of these soils, the initial amount of soil com-
pacted into each can around each sensor, percent water content and bulk density were as fol-
lows: 1) Deschutes soil - 570 g of soil with an initial water content of 3.8 percent and a bulk
density of 0.981, 2) Ayres/Ochoco soil - 530 g of soil with an initial water content of 5.7
percent and a bulk density of 0.896 and 3) Cloquato soil - 620 g of soil with an initial water
content of 4.9 percent and bulk density of 1.056. Water was applied to sets of 2 containers in
15-ml increments, beginning with 0 ml and ending at 105 ml for GMS 15-24.

In all tests, the 24 Watermark sensors were connected to a CR10 Datalogger (Campbell Sci-
entific, Logan, UT) which took readings every 6 hours. Once resistance readings equilibrated,
the sensors were removed from the containers and soil samples were extracted from each of
the three areas in each container where the sensors were located. Soil samples were dried
overnight in an oven at 105 C and percent water content was determined gravimetrically. The
final resistance readings were used for calibration purposes.

Results

For each soil type, resistance readings (R = resistance in kilo-ohms) were compared to percent
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mass water content ( ), as shown in Table 1. Least-squares regression analysis was performed
to determine the best-fitting curve for each set of data for linear ( = a + b * R), polynomial (
= a+ b * R + c* R2), and exponential ( = a bR) models. The exponential model best de-
scribed the Madras loam (r 2=0.94, 0.96), the Ayres-Ochoco (r 2=0.77), and the Cloquato clay
loam (r2=0.76). The polynomial model best fit the Deschutes sandy loam (r2=0.94) and
Metolius sandy loam (r2=0.95), although the exponential equation had the lowest standard er-
ror for all calibrations. The exponential model has additional advantages over linear and
polynomial equations in that 1) the extrapolation on the dry side of the calibration is more
accurate, since the water content never becomes negative, and 2) the "a" coefficient has physi-
cal significance as the approximated value of the Watermark-measurable water content.

Crop Water Use

The calibration of the Madras loam soil was used to determine crop water use for a methanol-
treated peppermint field. Crop water use was measured with a series of Granular Matrix Sen
sors (GMS) that were previously calibrated for soil tension and soil water content for the Ma-
dras loam soil. The GMS were buried at several soil depths and multiplexed to a CR10
Datalogger. The surface GMS were installed horizontally 1 cm below the surface to monitor
changes in evaporation after irrigation. These changes would not be easily detected at greater
depths, with the GMS placed vertically. Each GMS was assigned an area in order to deter-
mine the change in water content and the daily depletion (Mitchell et al., 1994).

Resistance readings were taken every 6 hours for approximately 31 days. The resistance read-
ings were converted to percent mass water content using the Madras loam calibration (Table
1.) Volummetric water content was obtained by multiplying the gravimetric water content
times the bulk density of soil (approximately 1.25 g/cm 3) divided by the density of water (1.0
g/cm3). The daily change in volummetric soil water content was integrated for the soil depths
mentioned above to arrive at crop water use for the period between irrigations, assuming deep
percolation was negligible. Percent total daily depletion was then determined by dividing the
change in percent soil water content by the total water in the profile for the given day. The
daily change in profile water content is shown Mitchell et al. (1994), which demonstrated the
use of GMS to determine the change in the water profile. There was little, or no significant,
difference in daily water use between the methanol-treated peppermint as compared to the
control, which was untreated. This agreed with the statistical analysis which showed no sig-
nificant difference in yield.

GMS Placement for Several Crops

Deciding where to install the Watermark sensors for maximum effectiveness is important
when determining their usefulness in practical farming applications, such as scheduling irriga-
tion events. The most important question is: at what depth should the sensors be installed in
order to get maximum responsiveness, with minimal error, to insure adequate soil water con-
tent? The answer to this question is not the same for every crop. It should be noted that the
sensor length is approximately 3 inches, of which 2 inches contains the sensing particles. For
the following discussion, depths referred to are where the sensors are in contact with the soil.
For bluegrass, the best placement appears to be somewhere between 4-8 inches. The sensors
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buried at 4 inches were most responsive to changes in soil water content (Figures la and lb).
However, the sensors buried at 8-10 inches were fairly similar in their response to changes in
soil water. The best depth would most likely be 6-8 inches, simply because much of the fl-
inch response could have been caused by evaporation and the 8-10 inch depth responded well
enough to signal soil water needs.

The methanol peppermint trial indicated that the optimum placement of sensors would be
around 4-6 inches. The surface and 2-4 inch depths respond quickly to changes in resistance,
however they are influenced by soil evaporation and tend to dry out more rapidly than the 6-8
inches depth (Figure 2a). The 6-8 inch depth response is not as drastic in comparison, how-
ever it seems to be just as timely. It would follow that a GMS buried at a depth greater than
2-4 inches and less than 6-8 inches would respond accurately and quickly enough to monitor
soil water needs. Similar responses were observed in 1992 for an irrigation experiment con-
ducted on a peppermint field (Figure 2b). Response to changes in soil water were most evi-
dent at the 2-4 inches depth, with the 6-8 inches depth following closely behind and the 20-
inch depth showing little response once wet. The 1992 data would seem to support the same
conclusion for burying the GMS between 4-6 inches.

For the 1993 potato experiment, GMS were buried at several different locations in the
bed/furrow (Figure 3). Five depths were evaluated to determine the best placement for the
GMS: furrow 2-4 inches, side of bed 6-8, 8-10, and under the bed at 4-6 and 6-10 inches.
This evaluation was based on the assumption that the upper GMS would be responsive to soil
water change, but would be more effected by evaporation and less by actual changes in soil
water at lower depths and that the lower GMS would not be very responsive once wet. Ex-
amination of the data indicate that the side of the bed at 6-8 inches was most responsive,
however, the furrow at 2-4 inches was similar and didn't dry out as rapidly (Figure 4). The
bed at 4-6 inches was also responsive, but dried out faster than the side of the bed at 6-8
inches. Recommendations for placement of GMS in potatoes would be in the side of the fur-
row bed at 6-8 inches. This agrees with Stieber and Shock's (1993) results for potatoes.

In addition to the optimal depth, sensors should be placed near the bottom of the root zone in
order to monitor whether the irrigation reaches these depths.
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Table 1. Regression analysis of five different Oregon soils, mass water content = f(Resistance)

SOIL TYPE Linear

CURVE-FITTING FUNCTIONS

Polynomial Exponential

MADRAS LOAM 1992
Equation

Std. Error

Y = 26.12 - 0.515X

1.399

Y = 27.35 - 0.843X

1.169

+ 0.011XA2 Y = 27.10(0.9676)AX

1.066

r squared 0.9409 0.9610 0.9649

MADRAS LOAM 1993
Equation Y = 22.01 - 0.3498X Y = 23.09 - 0.6326X + 0.0073X A2 Y = 22.33(0.97768)AX

Std. Error 1.840 1.297 1.092

r squared 0.8763 0.9413 0.9281

DESCHUTES SANDY LOAM
Equation Y = 21.94 - 0.3005X Y = 24.60 - 0.7428X + 0.0072XA2 Y = 22.08(0.9791)AX

Std. Error 3.529 1.703 1.206

r squared 0.7323 0.9404 0.8280

AYRES-OCHOCO
Equation Y = 22.49 - 0.2418X Y = 24.85 - 0.4949X + 0.0035X^2 Y = 23.51(0.9823)AX

Std. Error 3.832 3.753 1.228

r squared 0.6346 0.6654 0.7659

CLOQUATO
Equation Y = 20.62 - 0.1914X Y = 21.56 - 0.3506X + 0.0023XA2 Y = 20.91(0.9862)AX

Std. Error 2.969 2.885 1.177

r squared 0.6441 0.6816 0.7598

METOLIUS
Equation Y = 26.79 - 0.0006X Y = 29.78 - 0.0017X - 4.0E-8X^2 Y = 27.49(0.9999)^X

Std. Error 2.666 1.551 1.162

r squared 0.8662 0.9548 0.8697
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EVALUATION OF CROP ROTATION AND IRRIGATION PRACTICES
UNDER LIMITED WATER AVAILABILITY

Brenda Turner and Alan Mitchell

Abstract

Since 1991, the drought conditions in Central Oregon have seriously impacted the amount of
water delivered to the North Unit Irrigation District (NUID). The objective of this economic
study was to determine how irrigation practices and crop rotations should be managed in
response to reduced water supplies, and how that will impact profitability. A mathematical
programming model was developed to evaluate the economics of adopting such practices on a
representative farm in Jefferson County. The 500-acre farm produced bluegrass seed, carrot
seed, garlic seed, wheat, and peppermint, using sprinkler and furrow irrigation systems.
New practices for water conservation included irrigation scheduling and laser leveling of
fields, alternating furrow, and surge furrow irrigation. Assumptions were based on the fixed
and variable cost, crop rotation, and water-use of farms in Jefferson county. Results showed
that the adoption of water-conserving management practices can increase net returns over
traditional systems. When 24 and 36 acre inches of water were available, the irrigation
systems employed in the profit-maximizing solution included alternating furrow with gated
pipe, surge furrow, and some traditional continuous furrow irrigation. But when available
water was limited to 18 acre inches, the best returns were from surge furrow and surge
furrow with a pumpback system on limited, specific crops. Finally, allocating 12 acre inches
per acre took approximately one-third of the farm out of production and utilized surge furrow
with a pumpback system. The affordable price of additional water, in this scenario, was
determined by the model to be over ten times greater than the NUID price. Continuous
furrow and wheel-line sprinklers produced lower net returns for the representative farm than
implementation of alternate systems. Interestingly, the model-optimized crop rotations
excluded peppermint at the present yield and price due to low net returns and high irrigation
requirements. While the above results may not hold for all seed producing farms in
Jefferson County, the model showed an economic incentive exists for adopting water-
conserving practices.

Introduction

Research at OSU Experiment Stations has focused on water-conserving irrigation systems.
Specifically, the efficiency and runoff from surge, alternate-furrow, and alternating-furrow
irrigation systems has been researched (Miller and Shock, 1993; Mitchell and Stevenson,
1994). The financial benefits and costs of modifying current irrigation management practices
or adopting non-traditional systems has not been addressed. The economics of modifying
management practices is an important consideration because the investment in new equipment
and the changes in variable irrigation costs may be significant.

The most common irrigation systems utilized by Jefferson County irrigators are sideroll
sprinklers (SP) and the traditional every-furrow (EF) irrigation with siphon tubes (S).
Systems that are not widely implemented but have shown potential for water conservation
include alternate furrow (AF) (where every other furrow is irrigated, resulting in water never
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flowing down half of the furrows), alternating furrow (AGF) (every other furrow is irrigated
with every other irrigation set), and surge furrow irrigation (SF) (an automated valve is used
to apply water intermittently). Siphon tubes or gated pipe (G) can be used for most furrow
irrigation practices. The exception is surge, which requires gated pipe. Additional practices
such as irrigation scheduling (IS) (monitoring field and weather conditions to schedule
irrigation sets) and laser levelling (LL) (levelling fields with the aid of a laser for accuracy)
can also reduce the amount of irrigation water required to meet crop needs. When water is
applied in excess of evapotranspiration, the excess leaves the field as runoff or percolation
below the root zone. Consequently, irrigation amounts can be reduced by monitoring the soil
water content. The uneven slopes on a field affects how and where irrigation water will
penetrate the soil, particularly when furrow technologies are used. Laser levelling results in
a uniform slope, thus reducing the chance of uneven water distribution.

One technique to evaluate the costs of adopting various management practices is a linear
programming model. A linear programming model can optimize profits given limited
resources and management choices. Our objective was to use the linear programming model
to determine the profit-maximizing crop rotation and management practices for a
representatvie farm under different water availability. We used crop production costs from
recent enterprise budgets, and estimated production costs associated with adopting new
irrigation management techniques. A second objective was to determine the affordability of
water under water-limiting conditions.

Methods
Data and Assumptions

The economic data was obtained from extension agents, local growers, agricultural
businesses, and the North Unit Irrigation District in 1993 and 1994. Several growers and
two extension agents assisted in the development of enterprise budgets for a representative
vegetable seed-producing farm in Jefferson County. The budgets were based on typical
practices for a farm producing garlic seed, carrot seed, peppermint, wheat, and bluegrass
seed on 500 acres. Two separate budgets were necessary to represent the production and
establishment costs of bluegrass seed and peppermint. First, the establishment budget
represented the land preparation, planting, and first-year harvest period. Second, the
production budget outlined the common cultural practices for an average production year.
Bluegrass and peppermint stands were both assumed to have a 4-year life, including the
establishment year.

The enterprise budgets are not representative of any particular farm. A summary of the
production costs, typical returns, and current irrigation systems are presented in Table 1. All
of the crop budgets except wheat have been published as of the printing of this report and are
available from the Extension Service. From the base-line budgets, additional budgets were
generated which incorporated the alternative practices. Crop yield was assumed constant
across all management practices. In the base-line budgets, a water charge of $0.96 per acre
inch is included to represent the North Unit Irrigation District per acre water charge. In the
linear programming model, the variable water charge was replaced by a fixed water charge
of $24.45 per acre for the first 2 acre feet and $13.20 per acre foot for the third foot, based
on the NUID 1994 Deschutes right water charge including construction fees.
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Table 1. Summary of Base-line Enterprise Budgets for Major Crops Produced in Jefferson
County Oregon, 1994

Garlic
Seed

Carrot
Seed

Mint
Estab.

Mint
Prod.

Bluegrass
Estab.

Bluegrass
Prod.

Wheat

Base-line SP SP/EF2 EF EF EF EF SP
Irrig. System'

Total Irrig. 25.5 35.5 39 45 53 40 18
Applied
(in/acre)

Yield 17,000 lbs 400 lbs 60 lbs 75 lbs 800 lbs seed 1,000 lbs seed 120 bu
(Unit/acre) 1 acre straw 1 acre straw

Price/Unit .14 6.00 16.00 16.00 1.00 seed 1.00 seed 4.00
10.00 straw 10.00 straw

Variable Cost 1,424 964 1,014 691 625 576 296
($/acre)

Fixed Cost 237 231 196 223 177 162 194
($/acre)

Total Cost 1,192 1195 1,210 914 801 738 490
($/acre)

Net Returns 1,188 1205 -250 286 7 272 -9
($/acre)

1 although other irrigation systems may be in operation, these systems were determined to be
commonly used and are considered as the base-line systems

2 carrot seed is sprinkler irrigated in the fall and furrow irrigated in the spring

The alternate irrigation practices were chosen based on the availability of previous research
data, water conservation potential, and the technological feasibility of adopting practices.
Table 2 outlines the water savings assumptions for each alternative practice and the
associated fixed costs. The water application levels presented in the baseline enterprise
budgets were determined to be an average application by growers who assisted in the
preparation of the enterprise budgets. The fixed costs consist of interest and depreciation.
Interest cost (IC) was calculated as follows:

IC -[ PP + SV ] *1
2

where PP = Purchase Price, SV = Salvage Value, and I = Interest Rate. The interest rate
used for this study was 8 percent. Depreciation (Dep) was calculated with the formula:

Dep= 
pp
UL

(1)

(2)

where UL = Useful Life.
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Table 2. Water Savings Over Every Furrow and Irrigation Fixed Cost

System
Water Required as a

Percent of EF-S
Fixed Cost

($/acre)
Labor Hours Per

Set Per Acre
% Water Applied
Available for PB3

EF-S 100% 2.16 .25 27%

EF-PB 80% 9.41 .25

EF-G 100% 8.17 .05 27%

AF-S 60% 1.08 .17 18%

AF-PB 51% 8.33 .17

AF-G 60% 8.17 .05 18%

AGF-S 60% 1.08 .17 18%

AGF-PB 51% 8.33 .17

AGF-G 60% 8.17 .10 18%

SF 50% 12.95 .02 18%

SF-PB 44% 20.20 .02

SP 60% 54.00 .50 0%

IS 80%' 1.86 .50 or .25 2 27% EF

LL 80%1 13.50 .50 or .25 2 27% EF

1 expressed as a percent of water required for current practices
2 based on the irrigation system in the base-line budgets
3 includes runoff less evaporation and seepage loss, assumed to be 10 percent of runoff

The standard practice of irrigating every furrow is the greatest water consumer for the
management strategies considered. Alternate furrow, alternating furrow, and sprinklers use
40 percent less than standard furrow irrigation based on data from Miller and Shock (1993)
and Mitchell and Stevenson (1994). Siphon tubes and gated pipe are assumed to require the
same amount of water, although fixed and labor costs will differ. Hired labor, charged at $7
per hour is used for sprinkler irrigation. All other systems are managed by the owner at a
charge of $15 per hour. Surge furrow requires only 50 percent of the water required for
every furrow. Irrigation scheduling, using water mark sensors, and laser levelling both are
assumed to result in a 20-percent water savings. A pumpback system (PB) allows the
collection and reuse of irrigation runoff and will result in increased irrigation efficiency.
Runoff amounts are presented in Table 2. We assumed 90 percent of the runoff is pumped
back to the top of the field while the remaining 10 percent evaporates or seeps into the soil.
The reduction in water use by various systems over current practices is assumed uniform
across crops.
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Model

The objective of the linear programming model was to maximize net returns to land and
management. The management decisions choices in the model were limited to simple
combinations of new practices. The adoption of multiple strategies (e.g. including irrigation
scheduling, laser levelling, alternating furrow, and pumpback all together) are not allowed in
the model. We believed this was a safe assumption because initial investments will tend to
limit the number of management changes occurring at once, although growers may adopt
several new practices over time. In the model, IS and LL may be added individually to the
baseline budgets. EF, AF, AGF, and SF systems can also be adopted individually. SF
requires gated pipe to disperse water into the furrow but other furrow systems may be chosen
as a management practice utilizing either gated pipe or siphon tubes. Any furrow system
may or may not be combined with a pumpback system to capture and reallocate runoff.

GAMS, a linear programming software, was used in this study to solve the model. Table 3
outlines the possible crop rotational choices allowed in the model.

Table 3. Crop Rotation Sequence Definitions

Crop Rotation
Seq. Number

Cropping Sequence
(previous/current crop)

Crop Rotation
Seq. Number

Cropping Sequence
(Previous/Current crop)

1 Garlic / Wheat 13 Mint Prod. / Fallow

2 Garlic / Bluegrass Est. 14 Wheat / Mint Est.

3 Garlic / Fallow 15 Wheat / Garlic

4 Carrot / Wheat 16 Wheat / Carrot

5 Carrot / Fallow 17 Wheat / Wheat

6 Bluegrass Est. / Bluegrass
Prod.

18 Wheat / Fallow

7 Bluegrass Prod. / Carrot 19 Wheat / Bluegrass Est.

8 Bluegrass Prod. / Wheat 20 Fallow / Mint Est.

9 Bluegrass Prod. / Fallow 21 Fallow / Garlic

10 Mint Est. / Mint Prod 22 Fallow / Wheat

11 Mint Prod. / Wheat 23 Fallow / Bluegrass Est

12 Mint Prod. / Bluegrass Est. 24 Fallow / Carrot

Other model assumptions were imposed as resource constraints to better describe the
representative farm. Land was limited to 500 acres. One percent of the 500 production
acres contained irrigation ditches and access roads. Acreage restrictions for garlic and
carrot seed are set based on contract limits for these crops, as follows: total carrot seed
acreage cannot exceed 20 acres, and garlic seed cannot be produced on more than 40 acres.
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Since the amount of water allocated to NUID growers with Deschutes water rights is
dependent on availability, the model was run seperately with 12, 18, 24, and 36 inches per
acre.

Results and Discussion

The crop rotation, acreage and management practice associated with each crop are presented
in Tables 4A, 4B, and 4C for 24 and 36 inches, 18 inches, and 12 inches of water,
respectively. If the water limit is extended to 2 or 3 acre feet per acre, the crop rotation and
the net returns do not change. The crop acres shown in the tables represent the acres in the
optimal solution in any given year of the rotation. The profit-maximizing crop rotation
consists of garlic seed, carrot seed, bluegrass seed, and wheat regardless of the water
constraint. Peppermint never enters the optimal crop rotations. While production year net
returns and water use for mint and bluegrass seed are similar, negative net returns for the
mint establishment year and the labor required for the additional irrigation sets required to
produce mint appears to keep mint out of the rotation.

A disadvantage of using a linear program to solve a crop rotation problem become apparent
in Tables 4A, 4B, and 4C. The crop acreages are not necessarily equal to typical field sizes.
The model is given the constraints for the crop-acreage levels which optimize the objective
function without regard to a set field size. Field size can not be set in a linear programming
model.

Based on the assumptions presented in Table 2, the optimal irrigation practices were found to
be alternate-furrow-gated pipe (AF-G), surge-furrow (SF), and surge with pump-back (SF-
PB). In this study, SF and SF-PB required the least amount of water and labor of all
systems. AF-G used the same amount of water as sprinklers, but sprinklers did not enter the
optimal solution due to the AF-G lower fixed cost and labor requirements.

Restricting the water available to 18 inches per acre does not significantly change the crop
rotation but does affect the irrigation practices. Surge with and without pumpback would be
utilized under this strict water restriction. Net returns fall from $163,124, with the two
highest water constraint levels, to $157,631 with water allowance of 18 inches per acre.
This small change in net returns is due to the adoption of more efficient irrigation practices
that do not significantly reduce returns. The 8.2 acres of unproductive land included 5 acres
of roads and ditches, and 3 acres for the pumpback systems. With 18 inches per acre
available, all of the available land would be in production. Full land utilization would be
possible because of the high efficiency assumptions for SF-PB. If only 12 acre inches, or
500 total acre feet are allotted, about one-third of the farm would be fallow at any given
time, reducing net returns to $110,494.

Water Affordability

The model was run to determine the affordability of water when only 12 acre inches are
allocated per acre and growers may purchase water from other district users. If one
additional acre inch of water were available to the grower, it would increase the objective
function, or net returns to land and management, by $19.23. This is the short-run price the
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grower could afford to pay for an additional acre inch to increase net returns. In the long
run, where the grower would need to cover both fixed and variable costs, the affordable
price would be reduced to $12.30 for an additional acre inch.

Conclusions

The linear model showed that an adoption of non-traditional systems could increase net
returns. Furthermore, small water shortages can be offset by changes in irrigation
management and crop rotation so that profits can be maintained. However, when water
allotments are reduced to 12 acre inches per acre, profits decline greatly. In this scenario,
the affordable price of additional water is much greater than the NUID price.

This study is not suggesting all seed producers in Jefferson County should adopt new
irrigation management practices. The farm in the study is not representative of a particular
farm. Farm-level data should be used to determine the optimal rotation and irrigation
management on individual farms. It may be economically feasible for some growers to
change their crop rotations and management practices to increase net returns given the cost,
yield, and irrigation assumptions outlined in this study. Under limited water supplies,
operating AF, AGF, SF, and PB systems can conserve water, reduce labor requirements, and
increase net returns over traditional systems.

The results of this study are highly dependent upon the assumption of variable and fixed
production costs, irrigation efficiency, and crop rotation. Irrigation system efficiency can
vary widely based on soil type, climate, and level of management. Fixed irrigation charges
will vary with individual farms as farmers would purchase equipment to fit the layout of each
individual farm. This study attempted to represent average efficiencies and management.
Varying efficiency assumptions could significantly change the results. Therefore, it is
important to have accurate data concerning the irrigation efficiency of various systems.
Although we assumed the irrigation regimes in this study would not change yield,
incorporating yield response data to alternate irrigation systems, if it were available, would
increase the accuracy of the results.
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Table 4A. Summary of Linear Programming Results, Water Constraint of 24 and 36 Inches
Per Acre for Representative Jefferson County 500-acre Farm

Crop Previous Crop
Management

Practices Acres
Net

Returns Per
Acre

Total Net
Returns

Bluegrass
Estab. Garlic Seed AF-G 40 $	 49 $ 1,963
Estab. Wheat AF-G 47 65 3,059
Prod. Bluegrass Seed AF-G 261 282 73,495

Estab.

Wheat Carrot Seed AF-G 20 67 1,936
Bluegrass Seed Prod. AF-G 67 48 5,215

Carrot Seed Bluegrass Prod. SF 20 1,280 25,607

Garlic Seed Wheat EF-S 7.6 1,314 9,990
Wheat SF 32.4 1,311 42,481

Unproductive 5 -124 -622
Land

Total 500 163,124

Table 4B. Summary of Linear Programming Results, Water Constraint of 18 Inches Per
Acre for Representative Jefferson County 500-acre Farm

Crop Previous Crop
Management

Practices Acres
Net

Returns Per
Acre

Total Net
Returns

Bluegrass
Estab. Garlic Seed SF-PB 40 $ 41 $ 1,637
Estab. Wheat SF-PB 46.4 57 2,638
Prod. Bluegrass Seed SF-PB 259.1 269 69,802

Estab.

Wheat Carrot Seed SF 20 95 1,899
Bluegrass Seed Prod. SF 66.4 76 5,039

Carrot Seed Bluegrass Prod. SF-PB 2.9 1,271 3,723
Bluegrass Prod. SF 17.1 1,278 21,857

Wheat SF-PB 40 1,301 2,060
Garlic Seed

Unproductive 8.2 -124 -1,025
Land

Total 500 157,631
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Table 4C. Summary of Linear Programming Results, Water Constraint of 12 Inches Per
Acre for Representative Jefferson County 500-acre Farm

Crop Previous Crop
Management

Practices Acres
Net

Returns Per
Acre

Total Net
Returns

Bluegrass
Estab. Fallow SF-PB 56.8 $	 59 $ 3,348
Prod. Bluegrass Seed SF-PB 170.5 269 45,935

Estab.

Carrot Seed Fallow SF-PB 20 1,304 26,083

Garlic Seed Fallow SF-PB 40 1,304 52,140

Fallow Garlic 40 -124 -4,978
Carrot 20 -124 -2,489
Bluegrass Prod. 56.8 -124 -7,072
Wheat 44.1 -124 -5,482

Wheat Fallow SF-PB 44.1 90 3,975

Unproductive 7.8 -124 -967
Land

Total
	

500	 110,494
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EVALUATION OF FUNGICIDES FOR CONTROL
OF BOTRYTIS ALLH IN SEED ONIONS

Fred Crowe, Marvin Butler, and Brad Holiday

Abstract

Fungicide trials were conducted on seed onions in central Oregon to evaluated their efficacy
against Botrytis allii. Materials included Topsin M, TD2350-1, and Ridomil/Bravo applied in
separate replicated trials as two pre-layby treatments and as two post-layby treatments. Results
indicated significantly greater control than the untreated plots from all three materials applied
pre-layby, with Topsin M providing greater control than the other two materials. The only
significant post-layby control over the untreated plots was provided by Topsin M.

Introduction

There is a substantial vegetable seed industry in central Oregon. During the 1994 season there
were 4,600 acres of vegetable seed worth $10.5 million, with 400 acres of hybrid and open-
pollinated seed onions producing a gross return of $1.5 million. One of the major pest concerns
to onion seed growers is the disease Botrytis allii, which attacks the onions on the scape or near
the base of the plant.

Methods and Materials

Research was conducted in a seed onion field (Green) on the Agency Plains. Treatments
included Topsin M at 1 pound and 2 pounds, TD2350-1 at 1 pound and 2 pounds, Ridomil/Bravo
at 1 pound, and an untreated check. Materials were applied with a CO 2 pressurized boom
sprayer at 40 psi, using a carrier rate of 40 gal/a and twin-jet 8004 nozzles. Two pre-layby
applications and two post-layby applications were made to 15-foot x 18-foot plots, replicated
three times. The pre-layby applications were made to one set of plots with a hand-held, 9-foot
boom on April 28 and May 12, 1994. A two-man, 18-foot boom was used for post-layby
applications to a second set of plots on June 2 and June 16, 1994. Evaluation of plots were made
on July 13 and August 12 by counting the number of plants with necrotic areas on the scapes.
Evaluation of Botrytis at the root plate was not conducted due to the presence of groundsel and
difficulty in viewing the base of the plants.

Results and Discussion

1994 was predominantly dry and hot, and general evidence of Botrytis allii during the summer
was low in commercial fields. This is in contrast to previous years when some rain and greater
dew was present, and Botrytis scape blight was severe. Results from this trial indicate that
significant control was provided by pre-layby applications of all three fungicides, with Topsin M
providing greater control than TD2350-1 and Ridomil/Bravo. The only significant control for
post-layby applications was Topsin M, with similar but non-significant control provided by
TD2350-1 and Ridomil/Bravo (Table 1). It would appear from the limited scope of this project
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that spring pre-layby applications are more effective than post-layby applications. Further work
is being conducted to evaluate seed treatment and fall fungicide applications, with additional
spring and summer applications also planned.

Table 1. Incidence of Botrytis symptoms on the scape of seed onions on the Agency Plains near
Madras following double applications of fungicides at pre-layby and post-layby, evaluated on
June 13 and July 12, 1994

Material Rate Pre-layby plots	 Post-layby plots

product/a 	 infected plants per plot 	

Topsin M 70W 1 lb 0	 a X 2	 a
Topsin M 70W 2 lbs 0	 a 3	 a
TD 2350-1 50W 1 lb 6	 b 4	 ab
TD 2350-1 50W 2 lbs 5	 b 6	 ab
Ridomil/Bravo 81W 1 lb 6	 b 6	 ab
Untreated 12	 c 8	 b

X mean separation at P 0.05
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HERBICIDE EFFICACY TRIALS ON SEED CARROTS, 1993-94

Marvin Butler, Bruce Martens, and Kurt Feigner

Abstract

Herbicide trials which included Goal, Buctril, Prowl, Lorox, and Lexone, alone and in
combination were applied in the fall to seed carrot fields at three locations in central Oregon.
Crop injury occurred when Buctril was applied October 19, but not on December 2. A
combination of Lorox, Lexone, and Prowl provided the best (although non-significant) control of
buttonweed, Jim Hill mustard, and henbit. Lexone, Lexone and Lorox, and the Lorox, Lexone,
and Goal combinations all provided inadequate groundsel control, moderate control of Jim Hill
mustard and China lettuce, and good control of buttonweed.

Introduction

Seed carrots are a major portion of the vegetable seed industry in central Oregon. Of the 4,600
acres of vegetable seed crops grown in 1994, nearly 1,250 acres were carrots. Most of these were
hybrid carrots, with central Oregon providing 80 percent of the seed for domestic carrot
production. Gross returns for carrot seed was $4.7 million, 45 percent of the $10.5 million
vegetable industry. Weed control materials for use on seed carrots and other specialty crops are
very limited. Efficacy data is needed as the first step in pursuing registration of new materials.
The objective of this research project was to screen potential materials and document their
effectiveness against the weed spectrum in central Oregon.

Methods and Materials

Trials were conducted at three central Oregon locations, two on the Agency Plains and one in the
mud springs area. A groundsel control trial (Sullivan) included Goal, Buctril, and Prowl, alone
or in combination. A general weed spectrum trial (Fuller) included Lorox, Lexone, Prowl, and
Goal, alone or in combination. At both locations, applications of non-Goal treatments were
made October 19, while treatments which included Goal were made December 2, due to a lack of
precipitation needed for incorporation. Materials were applied with a CO2 pressurized, hand-
held, boom sprayer at 40 psi with a carrier rate of 20 gal/a. The third trail (Feigner) included
unreplicated plots of Lexone, Lorox, and Goal applied with commercial equipment on November
2, 1993. Evaluations were conducted at all three locations on April 14, 1994. Percent crop
injury was evaluated at the Sullivan site, the number of button weed, Jim Hill mustard, and
henbit plants per plot were counted at the Fuller location, and general notes taken at the Feigner
site.

Results and Discussion

At the Sullivan site the groundsel was 100 percent controlled, even in the untreated plots. This
may have been due to the extremely dry conditions throughout winter and early spring. As a
result, the only evaluation which could be make was crop injury (Table 1). Interestingly, the
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Buctril applications made on October 19 produced significant injury to the carrots, while Buctril
applied with Goal on December 2 did not. This may be due to more active growth of the crop in
October. At the Fuller location, buttonweed was the major, uncontrolled, broadleaf weed
remaining in April, followed by Jim Hill mustard. Henbit, although abundant in the untreated
plots, was 100 percent controlled by all but the lower rate of Prowl. The combination of Lorox,
Lexone, and Prowl provided the best (although non-significant) control of buttonweed, as well as
control of Jim Hill mustard and henbit (Table 2). At the Feigner location Lexone at 1/2 pound,
the tank mix of 2 pounds Lorox, 2 ounces Lexone, and 1/2 pint of Goal, and the tank mix of 3
pounds Lorox and 3 ounces Lexone all provided inadequate groundsel control. All treatment
provided moderate control of Jim Hill mustard and China lettuce, and good control of
buttonweed. The higher rates of the Lorox-Lexone tank mix increased control of Jim Hill
mustard (Table 3).

Table 1. Result of herbicide trials on seed carrot conducted in at the Sullivan location in central
Oregon during the 1993-94 season.

Treatment
	

Rate	 Crop Injury

product/acre	 percent

Goal	 8 oz	 0 a x
Goal	 10 oz	 0 a
Buctril	 8 oz	 18 b
Buctril	 1 pt	 27 b
Goal + Buctril	 8 oz + 8 oz	 0 a
Goal + Prowl	 4 oz + 2 pts	 0 a
Untreated	 0 a

x mean separation at P 0.05
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Table 2. Results of herbicide trials conducted at the Fuller location in central Oregon during the
1993-94 season.

Button-	 Jim Hill
Treatment
	

Rate	 weed
	

Mustard	 Henbit

Lorox
Lexone
Lexone
Prowl
Prowl
Lorox + Lexone + Prowl
Lorox + Goal + Prowl
Untreated

product/acre

2 lbs
2 oz
4 oz
1 pt

2 pts
2 lbs + 2 oz + 2 pts
2 lbs + 4 oz + 2 pts

40
55
34
38
34
15
31
36
ns

number of plants/plot

1
0
0
9
3
0
1
8

ns

0 ax
0 a
0 a
2 a
0 a
0 a
0 a
40 b

mean separation at P 0.05

Table 3. Results of herbicide trials conducted at the Feigner location in central Oregon during
the 1993-94 season.

Jim Hill Button-	 China
Treatment
	

Rate	 Groundsel Mustard	 weed	 Lettuce

Lexone
Lorox
Lorox + Lexone + Goal
Lorox + Lexone
Lorox + Lexone

1/2 lb
2 lbs

2 lbs + 2 oz + 1/2 Pt
2 lbs + 2 oz
3 lbs + 3 oz

P
	

G
	

M
M
	

M
	

G
	

M
P
	

M
	

G
	

M
M
	

M
	

M
P
	

M
	

G

rating scale: P=poor, M=moderate, G=good, E=excellent
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EVALUATION OF POST-HARVEST RESIDUE REMOVAL EQUIPMENT ON
KENTUCKY BLUEGRASS GROWN FOR SEED IN CENTRAL OREGON

UPDATE

D.D. Coats, F.J. Crowe and M. Butler

Post-harvest residue management methods were evaluated in a study initiated in 1991 on
two commercial Kentucky bluegrass (Poa pratensis L.) fields in central Oregon which had
been planted in the fall of 1990. One field was planted with an aggressive variety and the
other field with a non-aggressive variety. [Aggressive varieties included those that were
highly rhizominous and fill in between a 30 cm row spacing within a year or two. Non-
aggressive varieties included those that were less rhizominous.] Additional locations
including aggressive and non-aggressive varieties were added to the study each year
through 1993 until a total of six locations were included. Per field, residue treatments
were organized in a randomized block design with four replications. Because the standard
industry practice for residue management of grass seed fields began with baling the straw
prior to open-field burning, all residue management treatments in this study included this
practice. When averaged over all test sites, seed yield and fertile tiller numbers were
highest with the open field burning treatment (100 percent). In comparison, for plots in
which residue was removed by vacuum-sweep followed by propaning, vacuum-sweep
alone, flail-only and bale-only, mean seed yields were 85, 85, 79, and 67 percent,
respectively per two fields in 1992; were 94, 90, 90, and 83 percent, respectively per four
fields in 1993; and were 94, 86, 80, and 75 percent, respectfully per six fields in 1994.
Wheel rake treatments were harvested in 1993 and 1994 with mean seed yields of 91 and
86 percent compared to open field burning. Seed yields were lowest for fields in the
fourth year of harvest when compared to third and second year harvest. Statistical
significance for data from individual fields will be discussed. Fertile tiller numbers
followed the same trend as seed yields. Thousand seed weight and seed germination
percentages were comparable among all treatments for each field (P < 0.05), and were
unaffected by residue management. This study will continue through 1996.
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Table 1. Effect of residue management on mean seed yields in Kentucky bluegrass in Madras Oregon for 1992-1994

	 lb/A-

VARIETIES	 Abbey	 Rugby	 Merit	 Rugby	 Abbey	 Bristol

1994
TREATMENTS	 4th Year	 3rd Year	 2nd Year 
Rake + Prop	 NA*	 NA	 1150 bc	 NA	 860 b	 1117 a
Field Burn	 1228 a	 1064 a	 1428 a	 1547 a	 1077 a	 1112 a
Vac + Prop	 1124 ab	 1013 a	 1178 ab	 1526 a	 973 ab	 1180 a
Vac	 1006 bc	 773 b	 1037 bcd	 1389 ab	 1090 a	 1121 a
Flail + Rake	 907 cd	 770 b	 994 cd	 1320 ab	 1107 a	 1255 a
Flail	 800	 d	 760 b	 990 cd	 1298 ab	 973 ab	 1107 a
Bale only	 902 cd	 544 c	 917	 d	 1104 b	 965 ab	 1147 a

1993
TREATMENTS	 3rd Year	 2nd Year 
Flail +Rake + Prop	 NA	 NA	 1768 a	 NA
Field Burn	 1170 a	 978 a	 1671 a	 1066 a
Vac + Prop	 1009 ab	 1003 a	 1619 abc	 962 a
Vacuum Sweep	 931 ab	 860 ab	 1684 ab	 987 a
Flail + Rake	 1064 ab	 848 ab	 1529 abc	 992 a
Flail	 983 ab	 919 ab	 1475 c	 988 a
Bale only	 815 b	 798 b	 1573 bc	 912 a

1992
TREATMENTS	 2nd Year 
Field Burn	 1996 a	 1262 a
Vac + Prop	 1842 ab	 983 b
Vacuum Sweep	 2010 a	 863 b
Flail + Rake	 NA	 829 b
Flail	 1676 b	 915 b
Bale only	 1752 b	 570 c

*data for each variety and trial was analyzed separately for each year, so analyses above represent 12 separate analyses
means followed by the same letter are not statistically different by Duncan's multiple range test at 5 percent level
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INTERCROPPING OF PEPPERMINT
UPDATE

Alan R. Mitchell

This project investigates intercropping practices for peppermint that reduce nitrate leaching and is
funded by the Oregon Department of Environmental Quality. In the 1993 COARC annual report,
results of a rye-intercropping experiment showed that there was potential to intercrop peppermint
without adverse yield effects. In July and August, 1994, five trials were initiated with different
crops following peppermint harvest. The experiments will be tested for soil N at planting and
after removal, plant N uptake during removal, regrowth characteristics, and subsequent
peppermint yield in August, 1995.

Trial I consisted of forage and other crops planted into established 'Black Mitcham' in a furrow
irrigation situation. The objective of this trial was to screen crops for intercrop potential. The
trial had two planting dates, July 22 (before mint harvest) and August 17 (after mint harvest). The
crops planted were sudan grass, 'Wheeler' rye, marigold, crimson clover, annual ryegrass, hairy
vetch, 'Gwen' barely, 'Humis' rape, and quinoa. The July planting was unsuccessful at germinating
before harvest, but subsequently several plants in these plots have germinated. Soil and rhizome
samples were taken in November and are currently being analyzed.

Trials II-IV were trials using sudan grass. Unfortunately, germination was poor for all the trials.
Only Trial II (Sudan grass removal trial on 'Murray Mitchum') had a good enough stand to be
sampled for potential N scavenging. Trials II, III, and IV will be discontinued this winter since
the sudan frost-killed in early October. This does not mean that sudan is not a potential intercrop-
- the frost kill is one of the benefits of this crop--only that sowing rate must be substantially
increased.

Trial V was a cereal trial planted into an established stand of 'Murray Mitcham'. The objective of
this trial was to compare seeding rates and benefits of fall-planted cereals. Planting was done on
September 19, 1994, at two rates: 50 and 100 lb/a except for Mica barley which was planted at a
rate of 200 and 400 lb/a due to a poor germination rate. Other treatments included: 'Mica' barley,
'Gwen' barley, 'Belford' barley, 'Adams' wheat, 'Gene' wheat, 'Wheeler' rye, common rye, an
experimental line of K-2 rye, 'Monida' oats and annual ryegrass. This trial was planted into an
established mint stand that had been rototilled to a 3-inch depth just before planting. The
germination of all crops was good. Soil and rhizome samples were taken in November and will be
analyzed in winter 1995.
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THE EFFECTS OF N-SOURCE ON YIELD IN FOUR WINTER WHEATS
AND A TRITICALE

Gary Banowetz and Dale Coats

The form of nitrogen (N-source) applied to wheat and other crops can have dramatic effects on
crop yield. Commercial crop fertilizers supply nitrogen as some form of either ammonium or
nitrate. Certain cultivars seem more adapted to ammonium nitrogen while others yield better in
response to nitrate. Interest in the effect of N-source on wheat yield is based both upon economic
and environmental factors. While ammonium-N is tightly bound by the top few inches of soil and
may remain available to the plants for an extended period of time, nitrate-N is not tightly bound
and is subject to leaching through the soil. This leaching represents a loss of available nitrogen to
the plants and a possible source of ground water contamination. The capacity of a specific
cultivar to use either ammonium-N or nitrate-N is dependent upon genetic factors that affect
nitrogen uptake and metabolism.

Data summarizing the results of the third year of an ongoing study on the effects of N-source on
four winter wheat cultivars (Stephens, Yamhill, Malcolm, and Hyak) and a triticale (Celia) is
being collected. There were no significant differences in either yield or 100-seed weight that
could be attributed to N-source in this third year of the study. The effects on protein are not yet
available. In the first year of the study, a single fall application of either urea, calcium nitrate,
ammonium sulfate, or ammonium nitrate showed no significant differences in yield attributed to
N-source. In the second year of the study, a second fertilizer application (in the spring) was
added. During the second year, significant differences in yield occurred in both Yamhill and
Malcolm. Malcolm yields were highest in plots that received ammonium nitrate while Yamhill
yields were highest in response to calcium nitrate.

Wheat plots in the third year of the study were planted in land in which potatoes had been grown
the previous year. After the potatoes were harvested, residual soil nitrogen was quite high and
may have affected the results of this year's study.
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