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Articles in the 1991 Annual Report report the results of research.
Because conditions will differ by locality, management skills, etc., results
cannot be exactly duplicated by operators. Mention of a trademark,
proprietary product, or vendor does not constitute a guarantee or
warranty of the product by the Colorado Agricultural Experiment Station
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vendors that may also be suitable.

Material appearing in this publication may be reprinted if the meaning is
not changed and credit is given the researcher and the Colorado
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Colorado State University does not discriminate on the basis of race,
color, religion, national origin, sex, age, veteran status, or handicap. The
University complies with the Civil Rights Act of 1964, related Executive
Orders 11246 and 11375, Title IX of the Education Amendments Act of
1972, Sections 503 and 504 of the Rehabilitation Act of 1973, Section
402 of the Vietnam Era Veteran's Readjustment Act of 1974, the Age
Discrimination in Employment Act of 1965, as amended, and all civil
rights laws of the State of Colorado. Accordingly, equal opportunity for
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University shall promote equal opportunity and treatment through a
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Director's Report

It is my privilege again this year to address
you in the role of Interim Director.
Throughout 1991, my responsibilities
provided me with additional understandings
of the complex and varied agricultural
industry of this state. In the course of these
lessons, I have become convinced that the
industry's most valuable resources are the
people who are the heart and soul of its many
enterprises.

The vastness of this state is readily apparent
as one travels to off-campus sites that are part
of the Colorado Agricultural Experiment
Station. Each of these sites provides a setting
for environmentally specific studies important
to the transfer of findings to producers. While
the campus laboratories enable us to
accomplish considerable work in response to
producers' problems, field testing is an
important facet in the research process and
necessary for verifying the soundness and
practicability of results. Brief summaries of
the work at the various research centers are
provided in this report.

The Colorado Agricultural Experiment
Station plays a major role in program reviews
within the University, with the support of the
Cooperative State Research Service (CSRS) --
the USDA liaison agency to state agricultural
experiment stations. Such reviews occur every
five to ten years for colleges or departments
and are important to ensuring appropriate
focus to our endeavors. At the request of this
office, and with special support from
Cooperative Extension, CSRS led a
comprehensive review in 1991 of the
programs of the Department of Entomology,
encompassing resident instruction, research
and outreach. After a department self
evaluation, six reviewers from outside the
University visited the campus to interact with
faculty, students and administrators.
Recommendations by the site team will guide
future entomology program adjustments.

A special review was sponsored by the
Station during the year when, in cooperation

with the College of Agricultural Sciences and
the Department of Plant Pathology and Weed
Science, the operations of the Colorado Seed
Laboratory were reviewed. External reviewers
from the seed industry, the Colorado
Department of Agriculture, and the National
Seed Storage Laboratory (USDA/ARS)
assisted University faculty and administrators
in an assessment of the role and operations of
the laboratory in relation to seed testing and
seed science.

Through efforts of the Vice President for
Research, Judson M. Harper, and the state's
delegation to Congress, with considerable
support from farm and commodity groups,
Colorado State University received a special
federal grant to augment state-funded studies
related to control of the Russian wheat aphid.
This is the first time Colorado agricultural
research has benefited from ear-marked
federal funds.

A major capital project of the experiment
station over the past few years has been the
North Agricultural Campus, an endeavor
resulting from urban growth into the area near
Fort Collins used for plant and animal
research. Some $600,000 had been
appropriated earlier for land preparation, the
irrigation system and additional planning. A
second appropriation of $2.2 million was
made available in the 1991-92 fiscal year for
the second phase of the project.

Dr. Frank P. Johnson, Assistant Director, has
provided yeoman service as coordinator of the
project and has worked closely with Dr. Lee
Sommers, Head of Agronomy, and faculty
representatives from each of the departments
that expect to conduct research at the site.
Numerous hours have been spent in
communications with both the scientists and
project architects and engineers to provide the
highly detailed guidance necessary for a
functional facility. Bids have been received
and work may commence as early as mid
March, with completion expected in the fall.
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In the course of the year, additional progress
was made on the strategic plan for the Station.
The draft plan now awaits input from the
Associate Academic Vice President who will
arrive momentarily. This unit's plan must be
integrated with that for the University.

Numerous times during 1991 we met with
advisory committees for our research centers
around the state, attended field days, spoke
with cooperating farmers and ranchers,
participated in meetings of various farm and
commodity groups. These interactions have
made us aware of situations existing in rural
Colorado and challenges on the horizon for
agriculture in this state. This information is
taken into account as we guide program
development efforts and as we prepare budget
requests to present to the General Assembly.

As I reflect on these past months, my
appreciation is deepened for all who
contribute to the work of the Colorado
Agricultural Experiment Station: scientists
and support staff in twenty some departments
and seven colleges on campus; all those at

off-campus locations; and the excellent staff
here in the Director's Office. A number of
farmers and ranchers cooperate with research
scientists on specific studies and contribute in
special ways. Those who serve on advisory
committees give advice and counsel that
sharpen the focus of our programs. The
support provided by various commodity
groups serves to augment the work of given
scientists and/or projects. All of these factors
have enhanced our research productivity
which is described in this report.

A number of topics worthy of investigation
are beyond the limits of current resources; yet,
we continue to pursue alternative funding
sources in the hope of responding to these
needs. Our project portfolio is reviewed
annually. We are pleased to share these
summaries with you.

Helen F. McHugh
Interim Director
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Research Summaries

Food Safety Institute

On April 29, 1991, Governor Roy Romer
signed an Executive Order creating the
Colorado Task Force on Food Safety. The
Executive Order asked the Task Force to
make recommendations to the Governor and
General Assembly on matters concerning the
wholesomeness, quality, and overall safety of
food products grown or consumed in
Colorado. The Task Force was also requested
to develop a state response plan for any future
food safety crises and to report to the
Governor on "how the state of Colorado can
best provide assurances to its citizens that the
food they consume meets the highest
standards of safety and wholesomeness".

Task Force members named by the Governor
included Pat Kendall, a food safety expert
from Colorado State University, three
producers, one person each representing the
food processing and food marketing
industries, two representatives of the general
public, and two members of the Colorado
General Assembly. Task Force members met
six times in day-long sessions from June
through November, 1991.

In their November 20, 1991, report to the
Governor, the Task Force recommended the
creation of a Colorado Food Safety Institute
to operate as the focal point for food research
and information related to food safety
concerns. The Institute, to be housed at
Colorado State University, would build on the
expertise of researchers with the Agricultural
Experiment Station and educators with
Cooperative Extension that specialize in food
production, processing and handling practices
to reduce incidence of contamination.

The Task Force recommended that the
Institute be developed around a statewide
coalition with representation from the food
industry, industry trade organizations,
regulatory agencies, consumers, and the
media. The Institute would consist of three
main components: 1) basic and applied

research, 2) educational outreach, and 3)
technical assistance in food product
development, processing and marketing via
the existing Food Research and Development
Center (FRDC).

The Governor accepted the Task Force's
recommendations and has extended the
original Executive Order for the Task Force
through June 30, 1992, with the specific
responsibilities of 1) advancing the
recommendations made in the original report,
and 2) assisting in determining potential
funding sources for the development and
implementation of a Food Safety Institute to
be based at Colorado State University.

Molecular Genetics and Cattle
Improvement

The technique of "DNA fingerprinting" has
been used in human medicine and law since
the mid-1980s to determine paternity,
criminal guilt and to diagnose genetic diseases
such as cystic fibrosis and hemophilia. This
method involves collecting a blood or semen
sample as a source of DNA (the natural
chemical responsible for genetic
inheritance-present in all cells of the body).
After the DNA is extracted from the sample,
it is cut into small pieces with specific
enzymes and then separated according to size
by a process known as electrophoresis. After
this step, specific genes can be identified
using DNA "probes," which are mirror
images of the naturally occurring genes. Just
as an individual's fingerprints are unique, so
is his genetic makeup. The DNA "fingerprint"
allows us to literally see an individual's
genetic makeup and to compare it to his
siblings, parents or unrelated individuals with
similar (or dissimilar) characteristics. Thus,
this is a powerful tool to positively identify
individuals and provides a number of
practical applications.

In law, persons suspected of violent crimes
can be identified by their DNA fingerprint if
blood (or semen) from the scene of the crime
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is analyzed and compared to the suspect's
DNA fmgerprint. Likewise, a blood sample
from a suspected father (or sire) can be
matched to progeny in order to prove
paternity. In livestock operations this can be
used to identify sires responsible for progeny
which display superior growth, milk
production, carcass characteristics or other
economically important traits. In open
breeding systems, DNA fingerprinting can
show which of several potential sires is
responsible for the majority of progeny, again
aiding in the selection process, as sires with
low service capacity can be identified and
removed from service.

Of interest to purebred ranchers is the
potential to positively identify animals of
specific breeds. DNA fingerprinting will
prove that a purebred animal is pure and that
no "stray genes" from other breeds are
present. This will bolster breed associations
and will lead to a rapid elimination of
contaminated, crossbred animals. Remember
that DNA fingerprinting can be applied to
semen as well as blood, so that semen stock
from a long-dead animal can be tested for
specific qualities and eliminated if necessary.
Although not common, paternity suits in
cattle have been brought to court. When the
neighbor's Hereford bull gets into your
purebred Simmental herd and inseminates a
number of cows, DNA fingerprints will
identify which calves resulted from the elicit
union. This may be used as evidence in a
damage suit as well as to remove those calves
from the purebred herd.

All of these applications are relatively
straightforward and involve existing
technology. In the near future, the entire
genetic component of cattle will be mapped.
That is, the location of each gene which
determines the heritable makeup of cattle will
be known. Again, we will be able to visualize
the genetic makeup of cattle and to base
selection of economically important animals
on the presence or absence of particular genes.

The techniques of molecular biology are a
logical extension of current biological
concepts. Scientists have known that genes

and DNA are responsible for inheritance since
Watson and Crick's discovery of the structure
of DNA in 1954. Only within the last few
years have we had the capability to easily
construct fragments of DNA and genes. The
application of this basic biological knowledge
to real-world problems provides the means to
solve problems ranging from disease
identification to gene repair to vaccine
production. DNA fingerprinting is a powerful
technique which will allow livestock
producers to easily and effectively identify
animals for a variety of uses and applications.
DNA fingerprinting will allow the producer to
take advantage of a new, powerful technique
that has the potential to rapidly improve
livestock. The rancher of the future will select
animals not on how they look, but on how the
animal's genes look.

Animal Biotechnology

Ongoing research projects in three general
areas use biotechnology procedures to: 1)
enhance reproductive performance; 2)
genetically engineer disease resistance; and 3)
improve methods for rapid and reliable
diagnosis of infectious diseases.

Reproductive Performance: Methods have
been improved for maturation and fertilization
of oocytes in vitro and up to 200 bovine
embryos have been produced per week from
ova isolated from slaughterhouse ovaries.
This research is key for production of the
large number of embryos required in
transgenic research. Molecular biological
procedures are also being used to determine
the physiologic basis for seasonal, prepubertal
and postpartum anestrus in sheep and cattle.
Finally, methods to enhance production of
viable, freezable sperm and to reduce the 15
to 50% early embryonic wastage which
occurs in farm animals continue to be a major
research focus.

Disease Resistancr: Research is aimed at
producing chickens which are genetically
resistant to Newcastle's Disease virus and
cattle which are genetically resistant to
selected viral diseases. In addition, transgenic
mosquitos have been produced which cannot
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spread specific viral diseases when feeding on
domestic animals. The ultimate goal of this
research is to produce more efficient strains of
domestic livestock which require fewer drugs.

Disease Diagnosis: A long-term research
program reproduces diagnostic reagents for
infectious diseases which are rapid, reliable
and inexpensive. Major recent breakthroughs
have been reliable tests for the agents which
cause bovine viral diarrhea and tuberculosis.
The influx of tuberculous-infected cattle from
Mexico to Colorado has made this disease a
real problem. We have produced reagents
used in this country and the European
Economic Community to detect cattle
infected with this disease.

Plant Biotechnology Laboratory

The Plant Biotechnology laboratory
represents a recent development at Colorado
State University, and was designated by the
University as a Strategic and Emerging
Program of Excellence in 1991. A major
portion of funds for development of a
laboratory facility came from the
Provost/Academic Vice President, Vice
President for Research, and the Colorado
Agricultural Experiment Station. The College
of Agricultural Sciences has committed
significant research dollars to base funding for
laboratory personnel.

The College of Agricultural Sciences and the
Colorado Agricultural Experiment Station
developed a plan for plant biotechnology in
1986. The plan called for a Plant
Biotechnology facility and for faculty to be
hired with specialization in fields related to
plant biotechnology. The College and the
Agricultural Experiment Station established
the goal of an integrated research program
encompassing several departments of the
College. This planning phase was followed by
the hiring of Dr. Dennis L. Knudson in
Entomology (1988), Dr. Nora Lapitan in
Agronomy (1989), Dr. Carol Ishimaru in
Plant Pathology and Weed Science (1989),
and Dr. Cecil Stushnoff in Horticulture
(1990). These faculty joined Dr. P. Elaine
Roberts (Entomology) and Dr. Rajinder S.

Ranu (Plant Pathology/Weed Science) as the
core faculty in the College of Agricultural
Sciences' plant biotechnology initiative.

In January 1990, the Plant Biotechnology
program was established under the name of
the Plant Biotechnology Laboratory, which
has become a synonym for the program. Dr.
Dennis L. Knudson was named Director of
the Plant Biotechnology Laboratory. Since
there were also faculty in the College of
Natural Sciences with strong commitments to
plant molecular biology, the Plant
Biotechnology Laboratory was established as
an inter-college program.

The overall objective of the program is to
utilize the tools and techniques of plant
biotechnology to enhance the sustainability of
agricultural production systems. The program
focuses resources on improving resistance or
tolerance of economically important plants to
stress resulting from pests, predation, drought,
salinity, heat, frost, or other environmental
factors. The faculty expertise is directed in 3
areas of concentration: plant improvement,
biological control, and interdisciplinary
approaches among the first two areas.

The Plant Biotechnology Laboratory is a
centralized laboratory, which is housed in the
Plant Sciences building, and represents a
shared facility dedicated to providing state of
the art equipment and quality research space
to faculty and students. The laboratory's
activities are augmented through external
contract and grant funds generated through
research projects by participating faculty.

Russian Wheat Aphid Wheat Breeding
Research

Colorado State University released a Russian
wheat aphid-resistant strain of hard red winter
wheat, CORWAl, for use by regional
wheat-breeding programs. CORWA1 was
derived from crosses to a Russian wheat
which was discovered as resistant in 1987.

This resistance was confirmed in 1989;
however, this T-57 wheat essentially has none
of the other qualities needed by our
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producers. The only redeeming characteristic
of T-57 is its resistance to the Russian wheat
aphid (RWA). It is a soft white wheat that has
long, weak straw, matures late, and is
susceptible to disease.

The challenge to the Colorado State wheat
breeding program was to take the aphid
resistance of T-57 and combine it with a high
quality, high-yielding hard red winter wheat.

It normally takes at least ten years to develop
a new wheat variety. The breeding program
was speeded up by growing the first four
generations of plants in the greenhouse, using
a growth chamber to vernalize them and using
a supply of artificially-raised aphids to
evaluate RWA resistance of each new
generation of plants.

After the first four generations, 800 lines were
selected for RWA resistance, red grain color,
hard kernels, short height and early maturity.
Seed from these lines was increased in the
summer greenhouse in 1990 and evaluated in
field test plots in 1990-1991 for RWA
resistance and such characteristics as yield,
quality, maturity, height, lodging, shattering,
resistance to wheat streak mosaic virus and
winter hardiness.

Of these 800 lines, 112 are adapted,
aphid-resistant hard red winter wheats with
the characteristics required for milling and
baking. One is CORWAl, and if all goes
well, researchers should be able to identify the
best line and release a new RWA-resistant
wheat variety in 1994. A commercially viable
hard red winter wheat that is RWA resistant
will benefit both producers and consumers. It
will reduce production costs and the amount
of chemicals released into the environment.

Resistance to the Russian wheat aphid has
been transferred from triticale to wheat lines
by backcrossing. Low crossability, low
viability of Fl embryos, and high sterility in
early generations were restrictive factors
during introgression. Chromosome 3R was
found at the highest frequency among
resistant substitution lines. Allelism studies
indicate that at least 5 major resistance genes
are present in wheats.

The wheat breeding program is supported
with funds from a special Russian wheat
aphid initiative by the Colorado General
Assembly to the Agricultural Experiment
Station and with funds from the Colorado
Wheat Administrative Committee.
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Notes from CAES Research Centers

Arkansas Valley Research Center -
Rocky Ford

Research at the Arkansas Valley Research
Center in 1991 was on field and vegetable
crops and covered the areas of conservation
tillage, cultural practices, irrigation, variety
trials and pest management.

Monitoring of three irrigation canals in the
area showed reduced amounts of nitrogen in
the water compared to previous years.
However, tests applying additional nitrogen
did not significantly increase alfalfa yields.
The 3 year nitrogen/irrigation study on onions
was brought to a conclusion showing that
nitrates can leach well below the root zone
and irrigation can aggravate this process.
Irrigation scheduling programs can alleviate
the problem. Tests in corn resulted in fewer
irrigations using a scheduling program while
maintaining yields.

Yields in no-till corn continue to approximate
that of corn grown under standard tillage
methods but crop residues are a major
problem for growers who use furrow
irrigation and cultivation. Date of planting
tests for three years show that spring grain
(wheat, barley, oats) yields will generally
increase with earlier planting dates. Planting
after April 1 risks reduced yields.

Pest management research included a
simulated storm damage study on onions to
determine the effect on disease response and
yields. Onions thrips continue to have
resistance to registered insecticides and a trial
was initiated to determine the tolerances of
various onion types to this pest. Indications
are that carbofuran does adversely affect the
stem nematode in alfalfa. Two years data
show Banks grass mite populations and its
predators are not affected by planting time or
lay-by applications of granular insecticides
for other pests. The new greenbug biotype,
designated "I", for which there is little known
resistance has been identified in southeast
Colorado. Work will be increased in this area

next year. Available herbicides combined
with good cultural practices, can provide
adequate weed control in alfalfa, beans and
onions.

Variety trials were carried out in the
following crops: alfalfa, beans, corn,
sorghum, onions and winter wheat. A few
"alternate" crops were tested.

The addition of a vegetable crop scientist has
allowed us to substantially increase the
research necessary to meet the needs of this
industry.

Eastern Colorado Research Center -
Akron

The Eastern Colorado Research Center just
completed work on a new cattle working
facilities designed to: 1) strengthen our
capabilities for conducting research as to the
effects of various cattle handling procedures,
behavior, and stress, and 2) provide a unit that
will allow us to handle the cattle numbers and
research needs for the nutrition and
reproduction studies conducted at Eastern
Colorado Research Center.

The field day was held on May 21, 1991.
Papers presented included the results of trials
completed at the Research Center the past
year. These papers were:

• The Influence of Roughage Sources in
Whole Shelled Corn Diets in Finishing
Steer Performance and Carcass
Characteristics

• The Effect of Self Feeders or Concrete
Fenceline Bunks on Finishing Steer
Performance

• The Effect of Increasing Energy in
Combination With MGA-PGf2
Synchronization Program in Post-partum
Cows
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• The Effects of Different Protein
Supplements on the Performance of
Gestating and Lactating Cows on Dormant
Winter Pasture in Northeast Colorado.

Reports on these tiials are in the 1991 Beef
Program Report which is available from the
Department of Animal Sciences. Guest
speakers also spoke on nitrate toxicity in beef
cattle, effect of source and level of copper in
growing steers and managing weak newborn
calves.

Research currently being conducted at Eastern
Colorado Research Center:

• Efficacy evaluation of erodible norgestomet
implants

• The effect of increased lipid content in the
diet of gestating and lactating heifers on
reproductive efficiency

• Nitrate toxicity in cattle

• The effect of a second dose of PGF2 in an
MGARGF2 synchronization system in
mature cows

• The effect of roughage level in whole
shelled corn rations upon finishing steer
performance and carcass characteristics

• The effect of potassium level on wintering
cow performance

Fruita Research Center - Grand
Junction

Annual cultivar performance tests were
conducted during 1991 in small grain (winter
and spring wheat, barley, oat, and triticale),
corn grain and forage, alfalfa, dry bean, and
soybean. Off-station sites included corn plots
at Delta and Olathe, and dryland wheat trials
at Meeker and Hayden.

In cooperation with Randy Ristau from
Cooperative Extension in Montrose, we
evaluated alternate dry bean material to
determine the potential for producing new dry
bean seed types in Colorado. Diversifying the
state's traditional pinto bean production to
include other desirable seed color types of dry
bean may increase profits by attracting more

business into Colorado and by capturing
higher prices for specialty dry beans than
those currently paid for pintos.

Two irrigation studies were conducted during
the year at the Research Center. Throughout
the growing season, Research Center staff
worked with SCS and Cooperative Extension
personnel monitoring the performance of
surge irrigation in a furrow-irrigated field of
corn at the Center. Results of a preliminary
study indicate that less water is required to
germinate seed planted closer to the irrigation
furrow than seed planted in the middle of the
bed.

Production of corn, dry bean, winter barley,
and soybean was successfully achieved using
conservation tillage in a furrow-irrigated
cropping system. Residue in the furrow did
not cause significant problems during
irrigations. Much of the success of
conservation tillage in our furrow-irrigated
cropping system is attributed to forming the
ridges in the fall of each year.

Harvest of nineteen varieties of asparagus for
the third consecutive year was overseen by
Curtis Swift of Tri-River Area Cooperative
Extension. Yield and quality of the product
were lowered because of freezing
temperatures during the harvest period.

The potential for sorghum seed production in
western Colorado has been studied since
1989. The research was conducted
cooperatively with Dr. Paul Nordquist, a plant
breeder from the University of Nebraska. We
have found that high quality, genetically pure
sorghum seed can be produced in western
Colorado. These findings are based on the
results obtained from sorghum grown in small
plots. In 1992, we plan to produce a small
commercial acreage of sorghum seed near
Loma, Colorado.

Russian wheat aphid (RWA) research
concentrated on environmental effects on
overwintering aphids. Complete winter kill of
RWA on the western slope of Colorado was
due to extended below freezing temperatures
during January and February. Western
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Colorado was reinfested in May, and by fall,
populations were at their highest level since
1986. Current projects include economic
impact of fall RWA populations, alternate
host plant studies, evaluation of planting time
insecticides, and modification of irrigation
bedding to decrease the overwintering success
of RWA.

Additional studies in 1991 were conducted on
the efficacy of several herbicides in alfalfa;
nitrogen use efficiency of several nitrogen
fertilizers in corn; corn yield responses to
residual manure applications; application of
fluid and dry nitrogen fertilizers in corn at
approximately the tenth leaf stage of growth;
and sweet corn earworm control in
cooperation with Gene Nelson, entomologist
from the Tr -River Area Cooperative
Extension office.

Activities of the Dry Bean Foundation Seed
Project during 1991 included our routine
operations for foundation seed production.
Seed was increased for 59 dry bean varieties
and lines. Thirty-one lines were from the dry
bean breeding program. Fourteen lines were
material termed "white mold differentials" for
use in Dr. Howard Schwartz's research
program. Ten increases were from the dry
bean breeding program at North Dakota State
University.

Research and demonstration plans for 1992
will include evaluating winter wheat (hard red
and triticale) and Austrian winter pea
mixtures for hay production, minimum till
planting in furrow-irrigated corn and alfalfa
residue, effect of planting date on corn
development, effect of seed row placement in
relation to the irrigation furrow on seed
germination, early spring planting of durum
wheat, split applications of fluid N fertilizers
using surge irrigation, field evaluation of
alfalfa germplasm for alfalfa stem nematode
resistance, and direct combining of
double-cropped, no-till planted pinto bean
into standing small grain stubble.

Mountain Meadow Research Center -
Gunnison

Major accomplishments in 1991. Organized
and presented The Third Intermountain
Meadow Symposium at Steamboat Springs,
CO in cooperation with the University of
Wyoming. There were thirty presentations by
authors from ten states, Washington, D.C. and
Canada. The proceedings contained
twenty-eight reports in 254 pages.

Nine-year research on weedy wild caraway
documented clover cycling, orchardgrass
winterkill and regrowth, dominance and
persistence of dandelion, the deleterious
effects of nitrogen fertilization upon clover
cycling, but its beneficial effects upon grass
growth and reduction in caraway dominance,
the benefits of phosphorus for clover growth
and its deleterious effect in promoting
caraway growth. The efficacy of sod-seeding
without herbicide usage as an
environmentally-safe method of introducing
legumes and grasses into native meadows was
further confirmed. Nitrogen stimulation of
smooth bromegrass yields was shown to be
due to promotion of flowering. Sod-seeded
alfalfa benefitted from phosphorus
fertilization, but it was hurt by nitrogen.
Exploratory studies of low and tall larkspur
found small underground storage organs for
low larkspur, and large rhizomatous-like
organs for tall larkspur. Tall larkspur flowered
two weeks later than low larkspur, and the
degree and timing of development was
temperature and moisture sensitive; warmth
promoted earlier growth, and "drought"
limited plant size.

Research thrust for 1992. Conclude the
caraway-nitrogen only research. Conclude the
study of the yield and longevity of timothy
varieties. Conclude the thirty-variety test of
alfalfa and miscellaneous legumes, obtaining
yield and longevity data. Continue analyses of
the effects of nitrogen and phosphorus upon
sod-seeded alfalfa. Determine second-year
effects of heavy applications of ammonium
sulfate to stands of low and tall larkspur.
Revisit experimental and demonstrational
sod-seedings to determine what management
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conditions contribute to success and failure.
Prepare a summary-type mountain meadow
bulletin - compiling significant research
findings from 41 years, and emphasizing
relevance to 1992 conditions.

Orchard Mesa Research Center -
Grand Junction

The major new program this year was on
wine grapes. The Colorado Wine Industry
Development Board, created by the Colorado
legislature in 1990, funded a new research
position for viticulture and enology. Facilities
developed included a lab and instrumentation
for vine cold hardiness research, an enology
lab, a field capability for extensive soil
moisture monitoring in most Colorado
vineyards, trellis materials, vines and a
versatile drip irrigation system for a new
research vineyard. Technical assistance to
established and prospective growers and
vintners was provided upon request.

Tree crop research included pear insect
management, apple codling moth control for
home orchards, peach vigor control through
root restriction, variety and rootstock testing,
drought stress physiology, peach mosaic and
MLO diseases, orchard replant problems, elk
and deer repellents, and peach rusty spot
control.

Entomology research evaluated the use of an
oil-supplemented spray program (+OIL) on
pears for the third season; it reduced the use
of Thiodan (for mealy bug control) and other
miticides. The +On, program provided better
control of spider mites and pear psylla
(postharvest psylla counts were only 25%
those in the standard program) and
comparable control of mealy bug, pear rust
mite, and codling moth. Foliage was
temporarily stressed by the oil prop-am, but
the +OH, program reduced fruit size only
slightly compared to the standard program.
Shoot growth in the +OIL program trees was
markedly better than those in the standard
program.

Peach vigor control studies found that the root
volume needs to be severely restricted in

order to get tree size control by the third or
fourth season. The spunbond polyester fabric
also may be less than a perfect barrier to tree
roots. Controlling growth with regulated
deficit irrigation through drip emitters appears
more promising. The variety trials in progress
include 51 peach varieties, 12 apricots, 10
pears, 17 pear rootstocks, 4 new apples, and
20 grapes. Drought stress physiology of Asian
pears was researched in New Zealand. The
response of trees grown in lysimeters was
characterized in terms of water use, sap flow
velocity, leaf water potential, stomatal
behavior, shoot growth, and fruit quality
factors.

Peach mosaic (PM) research found suspected
PM infections in two Mesa County orchards,
the first probable cases since 1984; other PM
studies demonstrated PM symptom
expression in one nectarine and three peach
cultivars. Mycoplasma (MLO) disease studies
documented the reliability of DAPI
fluorescence microscopy for MW detection
and the presence of MLO's in "grapevine
yellows" symptomatic grape tissue samples
from NY; incidence of X-disease MLO
detected by DAPI, in western Colorado
orchards remained very low in 1991. Preplant
backhoeing and soil fumigation continued to
enhance early tree growth for peach and
apricot; fall preplant fumigation provided
better first season growth than did backhoeing
for peach and cherry planted in old cherry
orchard soil. Two elk and deer repellents were
evaluated for phytotoxicity; no tree damage
from summer applications of these materials
was observed, even though the Hotsauce was
applied at 100X and 200X the labeled rates.
Incidence of peach rusty spot on susceptible
peach fruit was extremely low because of low
disease carryover into 1991; three postbloom
applications of Nova did not reduce disease
incidence in 1991 as they had in 1990.

Plainsman Research Center - Walsh

Winter wheat and grain sorghum continue as
the two main research crops at the Plainsman
Research Center. In cooperation with the
Russian Wheat Aphid Project and the Crop
Testing Program, we are studying the impact

1991 Annual Report - 11

oft. 



on RWA infestation by: grazing, planting
date, row spacing, and insecticides. Also in
association with the Crop Testing Program
winter wheat variety trials are conducted
under dryland and irrigated conditions, as
well as a dryland N and P fertilization study.
In response to grower requests for larger test
plots, we have reinstated our wheat strip
variety trial. Each replicated varietal strip
covers approximately half an acre.

The sites for the Colorado Grain Sorghum
Performance Test have been expanded into
the major grain sorghum production areas in
Southeastern Colorado. There are now six
grain sorghum test sites: an irrigated site and
a dryland site at Walsh; two dryland sites at
Vilas, one under a wheat- sorghum-fallow
rotation, the other under continuous sorghum
production; an irrigated site at Holly; and a
dryland site at Eads.

Placement and rate of P fertilization was
tested on grain sorghum. Four placement
methods were used: broadcast, sidedress,
dribble, and with the seed. The three P rates
were the soil test recommendation, half the
recommended amount, and one-quarter of the
recommended amount.

A new area of emphasis at the Plainsman
Research Center is irrigation efficiency. The
two major studies currently under assessment
are limited furrow irrigation and center pivot
irrigation using Low Energy Precision
Application (LEPA) drop nozzles. Under
limited irrigation both gain sorghum and
corn are given a single irrigation at flowering.
Water use efficiency is greatly increased
when an irrigation is applied near flowering.
Fortunately, corn silldng occurs about two to
three weeks before grain sorghum flowering,
which allows small production wells to
irrigate more acres of feed grains at a critical
reproductive stage, thereby increasing overall
grain yield. Under the LEPA-equipped
sprinkler early maturing corn hybrids were
grown. In the LEPA 1 mode, water infiltration
and movement may be problematic in the
high part of the field if the crop is planted in
the same direction as furrow irrigated, i.e., in
the direction of water movement. Planting

perpendicular to the water movement may
help rectify this problem. Corn yields this
year for both limited and LEPA irrigations
were lower than anticipated. This was due in
part to inadequate winter and spring moisture.
To circumvent this problem, it may be
necessary to pre-irrigate to achieve at least a
base yield from which to work.

Dryland corn was investigated as a potentially
new rotational crop for Gary Peterson and
Dwayne Westfall's Dryland Agroecosystems
study near Walsh. Two planting dates and two
seeding rates were tested. The yields from the
later planting date and the lower seeding rate
were encouraging enough to try corn next
spring in the opportunity rotation.

Herbicide studies conducted by Plainsman
personnel included broad-spectrum weed
control in grain sorghum, shattercane control
in corn, Western Whorl-leaf Milkweed
control in wheat-fallow, and preplant-
incorporated herbicides in sunflower.

Two alternative oil crops were studied: four
varieties of flax from North Dakota and
standard height and dwarf sunflowers.

The Plainsman Research Center was proud to
hold the first annual Plainsman Preschool
Pumpkin Patch Party. It provided the
opportunity for our staff to talk to the children
about the importance of crops and crop
research for our area, while directing a
positive public light on the Center.

Rogers Mesa Research Center -
Hotchkiss

This year Dr. Alvan G. Gaus was appointed
superintendent of the Rogers Mesa Research
Center. Current research involves studies on
production efficiencies of varying apple,
peach, and sweet cherry varieties and
rootstock combinations, high density
plantings, varietal adaptation, and heat stress.

Several new plantings at Rogers Mesa
Research Center were developed. A new
high-density, systems trial which is to be
planted in the spring of 1992 was started. A
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multi-functional water delivery system was
designed and partially implemented for this
trial. The irrigation system incorporates both
under and over tree sprinklers for frost
protection, orchard cooling, fertigation, and
deficit irrigation. In addition to the systems
trial, a new apple variety trial was designed
with virus-free scions and rootstocks from the
USDA's IR-2 plant introduction program.
This trial will evaluate recent varieties and
selections from Japan and New Zealand.

The hyper-density, experimental planting of
'Golden Delicious' was expanded by 500 new
trees. The irrigation system was changed from
overhead sprinkler to gated pipe to avoid fire
blight and distribute water more uniformly.

A novel method based on the reflective
properties of cellulose fibers for reduction of
heat stress disorders of apple fruit was
researched. Cellulose fibers of 40 microns or
shorter could be applied through conventional
sprayers equipped with hydraulic nozzles;
however, 100 micron fibers required
specialized application equipment. A
prototype sprayer independent of cellulose's
physical properties was constructed based on
the air shear nozzle principle. Research also
focused on binding the cellulose fibers to the
fruit. It was found that under orchard
conditions the commercial binding agent
Triton B-1956 (Rohm and Haas) allowed the
cellulose fibers to be washed off by rain. For
rainfall less than 1 cm, a solution of 1%
amylopectin, solubilized in boiling water,
combined with 0.01% Triton B-1956 proved
to be an adequate binding agent.

Examination of the surface of 'Golden
Delicious' apples, treated with cellulose fiber
suspensions, revealed a substantial reduction
in red color. The effect was most pronounced
for the fruit with visible cellulose remaining
at the harvest and for fruit directly exposed to
sunlight some time during growing season.
The surface color (hue) of fruits, determined
from Munsell color charts, ranged from 10YR
(yellow-red) without cellulose residues to 5Y
(yellow) for surfaces with visible cellulose
residues.

The sunburn preventive property of cellulose
was difficult to evaluate in 1991 due to the
relatively low incidence of sunburn and large
variability among experimental plots. One
cellulose treatment resulted in a greater than
20% reduction in sunburned fruit, which is a
commercially significant amount.

San Juan Basin Research Center -
Hesperus

Primary research concerns continue to focus
on composite crossbreeding of beef cattle.
The objectives of this study are to select and
mate composites with genetically diverse
breeding but comparable biological type and
form a new composite from the three initial
composites. Additionally, the performance
and amount of heterozygosity maintained in
the composite crosses will be evaluated.
There are two composite systems being
evaluated. The first, System 1, consists of
CASH, RX3 and MARC III composites
crossed on Hereford cows. The second,
System 2, comprises Brangus, Beefmaster and
Barzona composites crossed on Angus and
Red Angus cows. The progeny are then
systematically crossed to obtain an individual
that is one-quarter of each of the composite
breeds plus one-quarter of the foundation dam
breed within each system. Performance
updates and results are published in the
Annual Beef Cattle Report.

A cooperative study with Hoffmann - La
Roche Inc. was conducted to evaluate the
efficacy of erodible type norgestomet
implants for increasing rate of weight gain
and inhibiting cycling in non-pregnant
growing heifers. The study began in May and
ended in October. Weights and blood samples
were taken on 98 crossbred heifers to measure
weight gain and progesterone levels. Results
of this study are currently being analyzed.

Replacement heifers are being evaluated
under two different environments. Fifty-five
heifers are to be fed for breeding under typical
mountain conditions at the Research Center at
an altitude of 7600 feet. Another group of
fifty-five heifers will be fed under feedlot
conditions at Farmington, New Mexico, at an
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altitude of 5500 feet. Heifers fed at Hesperus
will receive native hay plus grain. Those fed
at the Navajo Agricultural Products Industry
(NAPI) feed yard near Farmington will
receive a vegetable ration consisting of
potatoes, pumpkins, onions, corn silage and
hay. Both groups will be evaluated for rate
and cost of gain, reproductive performance
and longevity.

Purebred and crossbred steers produced from
the Research Center cow herd were fed at the
NAPI feed yard. Both groups of yearlings
gained 4.05 pounds per day during 1990.

Two-hundred-fifty young bulls representing
12 breeds and crosses from 40 ranches and 8
states were performance tested at the
4-Corners Bull Test Station.

One-hundred young rams from 26 Colorado
breeders were performance tested at the
Colorado Ram Test during 1990.

San Luis Valley Research Center -
Center

Potato Breeding Program. Thirty parental
clones were intercrossed in 1991. Seeds from
64 combinations were obtained. Sixty
seedling families were grown in the
greenhouse producing 9,478 tubers for initial
field selection in 1992. Surplus seedling
tubers will be distributed to Idaho, Oregon,
Texas, and Alberta, Canada.

Seedling tubers were obtained from Dr. J. J.
Pavek, USDA-ARS, Aberdeen, Idaho; Dr. J.
Creighton Miller, Texas A & M University,
Lubbock, Texas; Dr. Dermot Lynch,
Agriculture Canada, Lethbridge, Alberta; Dr.
Robert Johansen, North Dakota State
University, Fargo, North Dakota; and Dr.
Kathleen Haynes, USDA-ARS, Beltsville,
Maryland.

Potato Selection Program. A total of 80,300
first-year seedlings were planted, with 884
being selected for further observation.
Another 1,032 clones were in various stages
of preliminary and intermediate testing. Two
hundred thirty six of these clones were saved

for further evaluation. Twenty-seven
advanced selections were saved and will be
increased.

Disease Evaluations. Twenty clones and four
named cultivars were screened for symptom
development to bacterial ring rot and leafroll.
Disease symptoms in 1991 were adequate on
all clones for leafroll expression and all but
four of the clones for ring rot expression. All
clones are tested at least two years. Adequate
symptom expression to these two disease
problems has been one of the critical factors
considered prior to the release of any clone to
the growers.

Grower Trials. Grower evaluations were
conducted on four russets (AC78069-17,
AC81198-11, C080011-5, and C081082-1)
and one chipper (AC80545-1). Selection
AC81198-11 was discarded from further
testing. Growers recommended naming
C080011-5 and AC80545-1. Two additional
selections, AC75430-1 and C082142-4, will
be released for initial commercial testing in
1992.

Cultivar Releases. C080011-5 will be
released by the Colorado Agricultural
Experiment Station in late 1992 after another
season of seed increase as a high yielding,
medium-early maturing, fresh market potato.
AC80545-1 clone was selected in Colorado
and will be released in early 1992 jointly by
the Colorado and Idaho Agricultural
Experiment Stations and the USDA-ARS.
AC80545-1 will be released as a chipping
potato. Ranger Russet (A7411-2) was
released in 1991 jointly by the Idaho,
Washington, Oregon and Colorado
Agricultural Experiment Stations and the
USDA-ARS. Ranger Russet is medium-late
maturing potato with processing and fresh
market qualities.

The influence of single drop and cut seed on
yield, grade, stand and stem number for
Centennial Russet, Russet Burbank, Russet
Norkotah, Russet Nugget, and Sangre was
studied. There were no significant cultivar X
seed type interactions. Planting cut seed

L 14- Colorado Agricultural Experiment Station



resulted in lower yields, increased stands, and
fewer stems per plant.

The influence of hill size and nitrogen fertility
on yield, grade, stand, and internal pink
discoloration of tubers of Russet Nugget was
evaluated. Nitrogen did not have a significant
effect on any of the variables. Small hill size
resulted in significantly lower total, US #1,
and 283g tuber yields.

Thirty-two lots of potatoes representing six
cultivars were evaluated for raw product
processing quality. Specific gravity ranged
from 1.072 for Russet Norkotah to 1.088 for
Russet Nugget. Additional data on sugar
content at various storage intervals is
currently being collected.

One hundred thirty-one samples of potatoes
were evaluated for one or more of the
following postharvest characteristics: specific
gravity, chip color, french fry color and
texture, susceptibility to blackspot, enzymatic
browning potential, storage weight loss, and
dormancy. Results of these evaluations are
incomplete at present.

Weeds in the San Luis Valley have been
screened for the past three years for the
presence of Potato Virus S. In many other
areas, weeds have been found to be hosts for
this virus. In addition, aphids were screened
for their ability to transmit PVS from infected
to healthy plants. In 1991, the number of
weeds with PVS present was consistent with
previous years' results. Preliminary
indications are that certain species of weeds in
the San Luis Valley may harbor the virus and
might act as a reservoir for infection of
healthy potatoes. Aphid transmission studies
using local colonies of Green Peach Aphid
resulted in no PVS transmission from infected
to healthy potatoes.

The use of sulfuric acid as a potato vine
desiccant has been increasing in recent years
in the San Luis Valley. Studies are underway
to examine the effectiveness of sulfuric acid
to reduce or eliminate spread of Potato Virus
X, Erwinia spp. and bacterial ring rot when
vines are chopped prior to using the acid,

when the spray rigs move through the field
and when potatoes are sprayed and then
chopped. Preliminary results indicate that this
type of desiccation is an effective method for
eliminating spread of these above potato
pathogens from one plant to the next.

Southeastern Colorado Research
Center - Springfield

A creep feeding study for beef calves was
conducted with Farmland Industries
Creep-gest creep feed in 1991. Suckling
Gelvieh and Limousin calves were
supplemented ad libitum with Creep-gest feed
from July 1 to weaning (September 28).
Supplemented calves gained on average 0.31
pounds per day more than control calves. This
added gain cost $1.64 per pound. Stocker
steers grazing summer pasture were
supplemented with ground corn or ground
corn with either a live or dead yeast product.
Control steers had an average daily gain
(ADG) of 1.88 pounds, whereas steers
supplemented with ground corn had an ADG
of 2.05 pounds. Steers supplemented with
ground corn Plus a live yeast product had an
ADG of 2.21 pounds and those with the dead
yeast product 1.96 pounds.

From 1983 to 1991 yearling steers managed
under a short duration rotation from mid-May
to early October gained 0.19 pounds per day
less than steers managed under continuous
grazing. Steers stocked at a moderate rate
gained an average of 0.62 and 0.75 pounds
per day more than steers stocked at a heavy
rate under short duration rotation and
continuous grazing, respectively.

Five acre plots of forage sorghum- sudangrass
hybrid varieties were evaluated for yield and
quality in 1991. Golden Acres "Milkmaker"
yielded 78, 348 and 739 pounds more dry
forage than Buffalo Brand "Canex", Funks
"Faster Pasture" and Triumph "Super Sile",
respectively. Super Sile contained the highest
percent crude protein content at 7.11 and
Millcmaker the lowest at 4.84. Crude protein
contents were low due to 0.33 inches of rain
that fell after swathing and 1.25 inches that
fell after baling. Digestible dry matter
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contents ranged from 60.6% for Super Sile to
65.4% for Canex.

Sixteen and twelve cool and warm season
grasses, respectively, were interseeded into
four row plots in a go-back pasture in
February 1991. Grasses that had better than a
20% stand based on ocular estimations in
October 1981 were Rosana western
wheatgrass, ascension 90523823 smooth
bromegrass, Paiute orchardgrass, and Haskell
and El Reno sideoats grama. These plots will
be evaluated again in 1992 and 1993 to
determine which grasses will be used for an
expanded interseeding study under grazing.
The same sixteen cool season grasses
interseeded into a go-back pasture where also
seeded into four row plots in a forage
sorghum stubble in February 1991. Eight of
the grasses had better than a 20% stand in
October 1991. Paiute orchardgrass and
Siberian wheatgrass had better than a 50%
stand. Results of this study along with past
cool season grass studies will be used to
determine which cool season grasses hold
promise for extending the grazing season.

Plots in a go-back pasture established in April
1987 have been fertilized with nitrogen and
phosphorus each April since. Species
composition has shifted to more desirable
grasses due to nitrogen fertilizer at 40 to 100
pounds per acre. Phosphorus fertilizer has had
no effect on species composition.

Southwestern Colorado Research
Center - Yellow Jacket

Research at the Southwestern Colorado
Research Center during 1991 concentrated
primarily on five agronomic areas: edible dry
bean breeding, crop variety testing, crop
management systems for reduced tillage,
irrigation management and Russian wheat
aphid studies.

Fifty edible dry bean genotypes were
evaluated for yield, leaf movement, leaf
temperature and 018 isotope ratios. Dry bean
breeding materials including 52 Fi, 72 F3 and
81 advanced lines were evaluated for common
bacterial blight, drought resistance and site
adaptation. Seed was increased for two
experimental lines (CZ 59191 and CZ 59196)
being considered for release as varieties.

Variety yield trials were conducted for
irrigated pinto beans, irrigated market class
dry beans, dryland pinto beans, three wheat
classes, plus barley and oats. ID-338
hard-red-winter wheat was released as the
variety "Fairview" in the fall of 1991.

Seventeen crop management systems
comparing no-tillage, minimum-tillage and
conventional tillage systems on non-irrigated
cropland were continued into the third year.
An inner agency field day was conducted to
showcase the project.

Irrigation research included testing and
comparing several sprinkler nozzles and
developing and testing automatic shut-off
valves for side-roll sprinklers. Two irrigation
workshops and one field day were held to
transfer technology to agriculture producers.

Russian wheat aphid studies included date of
seeding comparisons, chemical treatment
comparisons and alternate host evaluations.

Research at the Center in 1992 will continue
to focus on the programs conducted in 1991.
Plans are being formulated to add a modest
fruit production project in 1992 to evaluate
potential fruit species, irrigation techniques
and frost protection practices that may have
potential on the newly irrigated lands of the
Dolores reclamation project.
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Statement of Revenues and Expenditures

Revenues

Actual
1990-91

Budget
1991-92

State General Fund $7,747,212 $7,968,240
Less: State Recision (154,944) (70,052)

Adjusted General Fund 7,592,268 7,898,188
Federal Appropriations 1,643,074 1,714,567
Cash Sales 234.249 240.000

Total $9.469.591 $852.755

Expenditures

Administration - Director's Office $286,923 $321,377
Research Program 8,145,799 8,390,196
Less: State Recision (142,175) (70,052)

Adjusted Research Program 8,003,624 8,320,144
Utilities 361,046 380,467
Colorado State University

Plant and Administration 830,767 830,767
Less: State Recision (12,769)
Adjusted Plant and Administration 817.998 830.767

Total $9.469,591 $9,852,755

Sponsored Program - Regional Research $954,939 $963,124
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Expenditures by Unit

AES Administration & Program Support

Actual 1990-91
Amount %

Budget 1991-92
Amount %

Director's Office $286,923 3.0% $321,377 3.3%
Direct Program Support 353,229 3.7 410,822 4.2
Indirect Costs:
CSU Plant & Administration 817,998 8.6 830,767 8.4
Utilities 361.046 380.467 3.9

Total 1,819,196

_3_1i

19.2 1,943,433 19.7

Research Centers 2,849,921 30.1 2,856,516 29.0

Main Station
College of Agricultural Sciences 2,612,856 27.6 2,699,823 27.4
College of Engineering 561,140 5.9 587,876 6.0
College of Forestry & Natural Resources 725,335 7.7 738,822 7.5
College of Applied Human Sciences 184,968 2.0 214,013 2.2
College of Veterinary Medicine 485,429 5.1 546,466 5.5
College of Arts, Humanities & Social Sciences 41,977 0.4 26,338 0.3
College of Natural Sciences 188.769 239.468
Main Station 4,800,474

_2,0
50.7 5,052,806

_2A
51.3

Total $9,469,591 100.0 $9,852,755 100.0
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Three Year Analysis of Program

Source:

Actual 1989-90
Amount %

Actual 1990-91
Amount %

General Fund $7,236,486 79.2 $7,592,268 80.2

Hatch & McIntire Stennis 1,495,534 16.4 1,643,074 17.4

Cash-Residual Sales from Research 240,000 2.6 234,249 2.5

Transfers from SBA 160.000

Total $9,132,020 100.0 $9,469,591 100.0

Application:

AFS Administration & Program
Exempt Salaries $4,037,204 44.2 $4,260,409 45.0

State Classified & Hourly 1,488,916 16.3 1,564,294 16.5

GRA Salaries & Tuition 887,801 9.7 920,889 9.7

Total Personnel 6,413,921 70.2 6,745,592 71.2

Travel 132,771 1.5 138,266 1.5

Operating Expense 985,536 10.8 1,048,196 11.1

Capital Outlay 329,937 3.6 358,493 3.8

Total Administration & Program 7,862,165 86.1 8,290,547 87.5

CSU Plant & Administration 908,809 10.0 817,998 8.6

Utilities 361.046 361.046 3.8

Total $9,132,020
_411
100.0 $9,469,591 100.0

Selected Data and Relationships:

Projects - Beginning 137 127

Less: Projects Expired
Subtotal

_35
102

_26
101

Add: Projects Revised 15 18

New Projects 10
Projects Continuing 127

_L5
134

Administrative and Program
$93,375 $95,294Support per Scientist FIE

Total Support per Scientist FTE $106,456 $108,846

Refereed Journal Articles 181 173

Technical Bulletins/Reports 19 14

Professional Reports and
Reports to Industry 337 391

Rescinded
Budget 1991-92
Amount % 

$7,898,188 80.2
1,714,567 17.4
240,000 2.4

$9,852,755 100.0

$4,596,310 46.6
1,436,908 14.6
959,725 9.7

6,992,943 71.0

146,506 1.5
1,234,105 12.5
267,967 2.7

8,641,521 87.7

830,767 8.4
380.467 3.9

$9,852,755 100.0

134
_33
101
12

_zs
141

$96,661
$110,209

174
10

433
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1991-92 CAES Research Program Funding

Commodity

Beef Cattle

Wheat

Water

Other Commodities

Ranges

Small Fruits

Soil and Land

Vegetables

Potatoes

Ornamentals and Turf

Forest Products

Sheep & Wool

Corn

Plants

Other Small Grains

Food

Forage Crops

Seed Research

Communities

Grain Sorghum

Dairy Cattle

Air and Climate

Summary by Commodity

13.53

3.21

3.06

2.87

2.84

2.59

2.42

2.24

.97

1.79

1.72

1.56

1.54

1.5

1.23

0 2 4 6 8 10 12
% of Total Funds

14 16
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Research Departments

College of Agricultural Sciences
Kirvin L. Knox, Dean

Agricultural & Resource Economics
S. Lee Gray, Head

Agronomy
Lee E. Sommers, Head

Animal Sciences
David R. Ames, Head

Entomology
Thomas 0. Holtzer, Head

Horticulture
Kenneth M. Brink, Head

Plant Pathology and Weed Science
Gary A. McIntyre, Head

College of Applied Human Sciences
Kevin Oltjenbruns, Interim Dean

Design, Merchandising & Consumer
Sciences
George A. Morgan, Head

Food Science & Human Nutrition
Peter J. Bechtel, Head

Human Development & Family Studies
Raymond K. Yang, Head

College of Arts, Humanities and Social
Sciences

Loren Crabtree, Dean

Sociology
David M. Freeman, Chairman

College of Engineering
Francis A. Kulacld, Dean

Agricultural & Chemical Engineering
Terry G. Lenz, Head

Atmospheric Science
Stephen K. Cox, Head

Civil Engineering
Neil S. Grigg, Head

College of Natural Resources
A. Allen Dyer, Interim Dean

Forest Sciences
David Betters, Interim Head

Natural Resource Ecology Lab
James Ellis, Director

Range Science
Harold Goetz, Head

College of Natural Sciences
John C. Raich, Dean

Biochemistry
Norman P. Curthoys, Chairman

Biology
Bruce A. Wunder, Chairman

Chemistry
Oren P. Anderson, Chairman

College of Veterinary Medicine and
Biomedical Sciences

James L. Voss, Dean

Microbiology
Carol D. Blair, Head

Physiology
Rupert P. Amann, Head
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Research Centers

Main Station, Fort Collins
Mark A. Brick, Agronomy Coord.
Gary Greathouse, Animal Sciences Coord.
Kenneth W. Knutson, Horticulture Coord.

Arkansas Valley
Frank C. Schweissing, Superintendent
27901 Road 21
Rocky Ford, CO 81067
(719) 254-6312
FAX: (719) 254-6055

Eastern Colorado
David N. Schutz, Manager
Burdette Route, Box 59
Akron, CO 80720
(303) 345-6402

Fruita
Harold M. Golus, Superintendent
Box 786
Grand Junction, CO 81502
(303) 858-3629
FAX: (303) 858-3629

Mountain Meadow
Eugene G. Siemer, Superintendent
Box 598
Gunnison, CO 81230
(303) 641-2515
FAX: (303) 943-7069

Orchard Mesa
A. Richard Renquist, Superintendent
3168 B .5 Road
Grand Junction, CO 81503
(303) 434-3264
FAX: (303) 434-1035

Plainsman
Kevin Larson, Superintendent
P.O. Box 477
Walsh, CO 81090
(719) 324-5643

Rogers Mesa
Alvan G. Gaus, Superintendent
3060 Highway 92
Hotchkiss, CO 81419
(303) 872-3387
FAX: (303) 872-3397

San Juan Basin
Alfred H. Denham, Superintendent
18683 State Highway 140
Hesperus, CO 81326
(303) 385-4574
FAX: (303) 385-4892

San Luis Valley
David G. Holm, Superintendent
0249 E Road 9 North
Center, CO 81125
(719) 754-3594
FAX: (719) 754-2619

Southeastern Colorado
Blaine Horn, Superintendent
26163 Road 19
Springfield, CO 81073
(719) 523-4403

Southeastern Research/Extension
Program

Frank Leibrock, Director
1001 South Main
Maxwell Building
Lamar, CO 81052
(719) 336-7734
FAX: (719) 336-2985

Southwestern Colorado
Adrian G. Fisher, Superintendent
16910 County Road Z
P.O. Box 233
Yellow Jacket, CO 81335
(303) 562-4255

USDA Central Great Plains
Ardell Halvorson, USDA Research Leader
P.O. Box 400
Akron, CO 80720
(303) 345-2259
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1992 Research Center Advisory Committees

Arkansas Valley Research Center
Allen Aldred
Ed Blackburn
Dennis Busch
Dennis Caldwell
Stanley Cline
Bill Elder
Jim Ellenberger
Glen Ermel
Joe Farmer
Clay Fitzsimmons
Robert Gerler
Hans Hansen
Matt Heimerich
Robert Jensen
John Kimbrel
Mike Mann
Allen Nicol
Paul E. Philpott
Robert Philpott
Leonard Rink
Dean Rusher
John Tonaky
Delbert Wells
Robert Wiley

Eastern Colorado Research Center
Don Anderson
Ward Deering
Herman Hettinger
John Holtorf
Don Koester
Robert Labore
Fritz Reid
Duane Yearous

Fruita Research Center
James Bernal
Joe Bernal
Don Case
William Cronk
Charles Currier
Steve Franklin
Wayne Guccini
Dennis Hardrick
Robert Hyde
Ernest Mabie
Robert Peach

Steve Pitts
Greg Roles
Bob Saunders
Wayne Waters
Richard Wilcox

Mountain Meadow Research Center
John Botti
Earl Davie
Doug DeCosta
Vevarelle Esty
Fred Field
Eddie Howard
John Malensek
Harry Peterson
Duane Phelps
Bill Sanderson
Joe Shane
Bernard Smith
Lee Spann
Bill Trampe

Orchard Mesa Research Center
Tom Cameron
Larry Fuller
Fritz Gobbo
Aaron Hall
Walter F. Morrison, Jr.
Dean Phillips
Richard Pobirk
Bruce Talbott

Plainsman Research Center
Mike Carroll
Merle Hall
Mike Hinds
Charles Oswald
Jim Schleining
Burl Scherler
Dale Seufer
Linly Stum
Terrill Swanson
Bradley Walker
Tim Weeks
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Rogers Mesa Research Center
Gary Broughton
Harold Broughton
Dean Phillips
Robert Phillips
William Tembrock
Dan Williams

San Juan Basin Research Center and
Southwestern Colorado Research
Center

Bob Bement
Bob Bragg
Tom Compton
Phil Craig
Raymond Doyle
Murl Estes
Larry Everett
Stanley Frost
David Hancock
Walt Henes
Lawrence Huntington
Ron Lanier
Brice Lee
Michael Olquin
John Porter
Paul Redd
Howard Richards
Kenneth Seibel
Betty Shahan
Terry Snyder
Bob Wilcox

San Luis Valley Research Center
Jon Brownell
James R. Myers
Steven W. Myers
Lyle Nissen
Jerry Smith
Francis Strnad
Robert E. Wright

Southeastern Colorado Research
Center

Tom Armstrong
Rex Barlow
Tim Brann
Don Fowler
Tom Hagans
Victor Hancock
Loyd Haney
Chip Hines
Kent Johnston
Rick Leone
Bob Patterson
Kit Pharo
Mike Schnaufer
John A. Smartt
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1991 Technical Bulletins and Reports

Authors Dept/s.

Technical Bulletins - Limited (LTB's) 

LTB 91-1 Floriculture Investigations Goldsberry, Hopper Horticulture

LTB 91-2 Proceedings of the Third Inter-
mountain Meadow Symposium

LTB 91-3 1991 Colorado Field Day Crop
Insect Management Research &
Demonstration Trials

Technical Bulletins (TB's) 

TB 91-1 Crop and Soil Management in
Dryland Agroecosystems

TB 91-2 Pine Ridge Zeolite and Fort
Hall Mill Shale P Effects on
Sorghum-Sudangrass

Technical Reports (TR's) 

TR 91-1 Mountain Meadow Fertilizer Trials

TR 91-2

TR 91-3

TR 91-4

TR 91-5

Nitrogen and Phosphorus Soil
Test Calibration Study on
Dryland Wheat 1989-1990

Siemer, Koch

Peairs, Pilcher

Agronomy

Entomology

Peterson, Westfall, Sherrod, Agronomy
McGee, Kolberg

Barbarick, Ebert, Lai Agronomy

Follett

Soltanpour, Echols
Azad

Sorghum Hybrid Performance Larson, Schweissing
Tests in Colorado, 1990 Clay

42nd Annual Beef Cattle Brinks, Denham,
Improvement Report and Schafer
Sale Data

Application of Anaerobically
Digested Sewage Sludge to
Dryland Winter Wheat

Barbarick, Lerch
Westfall, Follett
Ippolito, Jepson

Agronomy

Agronomy

Agronomy

Animal Science

Agronomy

Distribution of Technical Bulletins (TB) is automatically made to domestic libraries covered by an
interlibrary exchange agreement through Colorado State University Libraries. Certain Technical Bulletins
(LTB) are not distributed to libraries, principally, because the research is environmentally specific to
Colorado. Technical Reports (TR) are interim results of on-going research and are used principally to
research specific audiences at field days and other similar presentations. Single copies or photocopies of
certain bulletins or technical reports may be requested through the Director's office. There may be a
charge associated with photocopying.
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Publications

College of Agricultural Sciences

Agricultural and Resource Economics

Doctorate of Philosophy

HASKINS, J.P. 1991. Interest Rate Variations and
the Potential for Early Withdrawal of Retail Time
Deposits. Colo. State Univ., Fort Collins. 153 p.

Masters of Science

BURGERMEISTER, G. 1991. Village Water Sup-
ply in Nicaragua: The Quest for a Sustainable
Scheme. Colo. State Univ., Fort Coffins. 89 p.

GILL, 1 1991. Pakistan's Agriculture: Reflections
and Prospects. Colo. State Univ., Fort Collins. 39
11

JEHANGIR, W.A. 1991. Econometric Study of Rice
on Traditional Farms in Pakistan: A Case Study
of Gujrat, Pakistan. Colo. State Univ., Fort Col-
lins. 49 p.

PROVANCE, P. 1991. Returns, Risk and Crop
Choice in the Southern San Luis Valley. Colo.
State Univ., Fort Collins. 177 p.

WALTERS, L. 1991. Residential Water Demand in
Colorado: Water Demand Functions for Metered
and Non-metered Customers. Colo. State Univ.,
Fort Collins. 128 p.

Journal Articles

CHAUDHRY, M. and YOUNG, R. 1991. Valuing
Irrigation Water in Punjab Province, Pakistan: A
Linear Programming Approach. Water Res. J.
(Econ. and Social Commission for Asia and the
Pacific, U.N. Bangkok, Sept.). pp. 10-16.

JEHANGIR, W. and SAMPATH, R. 1991. Farm
Size and Land Use Efficiency in Pakistan's Agri-
culture. Pakistan Development Review
(Autumn). 3(X3):263-274.

KENYON, D. and BAINBRIDGE, B.B. 1991. Im-
pact of Cash Settlement on Feeder Cattle Basis.
Western J. of Ag. Econ. Vol. 16, No. 7. July.

LYBECKER, D.W., SCHWEIZER, E.E. and KING,
R.P. 1991. Weed Management Decision in Corn

Based on Bioeconomic Modeling. Weed Sci.
39:124-129.

McKEAN, J. and WINGER, W. 1991. Visibility: A
Determinant of Park Visitor Behavior. Geoform
(20:X, Oxford, Eng.).

SAMPATH, R.K., SHARMA and OAD, R. 1991.
Performance Measure for Irrigation Water Deliv-
ery Systems. ICID Bull. 40(1):21-37.

SANDERS, L., WALSH, R. and MCKEAN, J. 1991.
Comparable Estimates of the Recreational Value
of Rivers. Water Res. Research. 27(7):1387-1394.

Professional Papers

BASH, P. and YOUNG, R. 1991. The Role of Tribu-
tary Groundwater in Irrigated Crop Prod. in the
South Platte Basin. Proc. of the Colo. Water Eng.
& Mgmt. Conf. Denver, Feb. 27-28. Colo. Water
Resources Res. Inst., Fort Collins.

BOOKER, J. 1990. Municipal Water Demand: Evi-
dence of Consumer Irrationality. Paper pres. at
Ann. Mtg., Gunnison Ag. Econ. Assoc., Vancou-
ver, B.C., Aug. 5-8.

BOOKER, J. and YOUNG, R. 1990. Modeling
Econ. Uses of the Colorado River: Water Markets,
Water Quality and Instream Use Values. Pres. at
3rd Interdisciplinary Conf. on Nat. Res. Modeling
and Anly., Ithaca, NY. Oct. 11-13. (unpub.)

BOOKER, J. and YOUNG, R. 1991. Economic Im-
pacts of Alternative Water Allocation Institutions
in the Colorado River Basin. Completion Rpt.
161. Colo. Water Resources Res. Inst., Fort Col-
lins. 103 p.

BOOKER, J. and YOUNG, R. 1991. The California
Interstate Water Bank Proposal: Projected Im-
pacts on Upper Basin Use of Colo. River Water.
Am. Water Res. Assoc. (WY. Section): Ann.
Conf., Laramie, Nov. 6-7. (unpub).

DAVIS, R. and SKOLD, M. 1991. Economic Analy-
sis of Alternative Grasshopper Control Treat-
ments on Rangelands. Papers of the Ann. Mtg.
Western Ag. Econ. Assoc. pp. 213-219.

DAVIS, R. and SKOLD, M. 1991. Economic Analy-
sis of Alternative Grasshopper Control Strategies
on Rangelands. Cooperative Grasshopper Inte-
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grated Pest Mgmt. Project: 1990 Ann. Rpt.
USDA, APHIS/PPQ. Boise, ID. pp. 108-117.

GUTIERREZ, P. and ECKERT, J. 1991. Contrasts
and Commonalities: Hispanic and Anglo Farming
in Conejos County, Colo. Rural Soc., Vol. 56, No.
2. Summer.

HUSZAR, P.C. 1991. Economics of Wind Erosion
Control. Proc. of Int'l. Wind Erosion Workshop
of GIGR. Budapest, Hungary, Sept. 10-12.

JOYCE, L., MITCHELL, J. and SKOLD, M. (eds.).
1991. The Conservation Reserve: Yesterday, To-
day & Tomorrow. USDA For. Svc., Rocky Mm.
Forest & Range Exp. Sta. Gen. Tech. Rpt. RM-
203. 65 p.

LECROY, L. 1991. The Farmers and Their Opera-
tions as a Group. Chpt. 1 IN: Sustainable Ag. in
the Southern Rockies: A Resource Directory of
Producers and Practices. Telluride Inst., Telluride,
CO.

LOOMIS, J. and WALSH, R. 1991. Theories, Tech-
niques and Preliminary Estimates of Future Eco-
nomic Values of Wilderness. Proc. of Nat'l. Conf.
on the Economics of Wilderness, USDA For.
Svc., Jackson Hole, WY. May. 15 p.

MANN, R. and YOUNG, R. 1990. Regional Eco-
nomic Models and Welfare Analysis of Water
Resource Development. Paper pres. Am. Ag.
Econ. Assoc. Ann. Conf. Aug. (unpub.)

MCKEAN, J. and GREEN, J. 1991. Supp. Analysis
to Update Biological Report 85(5): Potential
Funding Sources to Implement the Fish and Wild-
life Conservation Act of 1980. Contr. Rpt. to U.S.
Fish and Wildlife Svc., Fort Collins.

MCKEAN, J., WALSH, R. and JOHNSON, D.
1991. Valuing Time in Travel Cost Demand
Analysis by Visitors to Blue Mesa Reservoir.
Colo. Water Resources Res. Inst., Tech. Bull., No.
58. Fort Collins.

MICHELSEN, A. and YOUNG, R. 1991. Transferr-
ing Rights to Imported Colo. River Water: What
is the Market and Where has it been. Paper pres.
at 27th Ann. Conf., Am. Water Res. Assoc. New
Orleans, Sept. 8-11. (unpub.)

SAMPATH, R.K. and NOBE, K.C. 1991. Improved
Criteria for Evaluation of Public Investment. IN:
Theoretical Foundations of Dev. Planning. Bha-
van Dahiya (ed). Chpt. 13, Vol. 5. New Delhi:
Vedams Books Intl.

SAMPATH, R.K. and OAD, R. 1991. Performance
Measure for Improving Irrigation Management.
Pres. by R. Oad at Workshop on Performance
Measurement in Farmer Managed Irrigation Sys-
tems, Mendoza, Argentina. Nov. 11-15.

SKOLD, M. 1991. Economic Issues Related to Sus-
tainable Agricultural Systems in the Great Plains
in Sustainable Agriculture for the Great Plains.
Symp. Proc. USDA, ARS. ARS-89. pp. 59-72.

TAYLOR, R. and YOUNG, R. 1991. The Econ.
Impact of Rural to Urban Water Transfers: A
Colo. Case Study. Proc., Colo. Water Engineering
and Mgmt Conf. Denver, Feb. 27-28. Colo. Water
Resources Res. Inst., Fort Collins.

TEPFER, D. 1991. Management Goals and Practices
Used to Achieve Them. Chpt 2 in Sustainable Ag.
in the Southern Rockies: A Resource Directory of
Producers and Practices. Telluride Inst., Telluride,
CO.

WALSH, R. 1991. Empirical Evidence on Benefits
of Protecting Old Growth Forests and the Spotted
Owl. App. B in Economic Anly. of Designation of
Critical Habitat for the North. Spotted Owl. U.S.
Fish and Wildlife Svc., Wash., DC.

WALSH, R. 1991. Evaluating Social Benefits of
Forest Quality. Proc., Intl. Union of Forest Re-
search Org., Univ. of Gottingen, Germany, May.

YOUNG, R. 1991. Managing Aquifer Overexploi-
tation: An Economic and Policy Analysis. Pre-
conf. Proc., 23rd Congress Int'l. Assoc. of
Hydrogeologists, Puerto de la Cruz, Spain. Apr.

YOUNG, R. and BOOKER, J. 1991. Assessing Hy-
drologic and Econ. Impacts of Rural to Urban
Water Transfers: An Interdisciplinary Analysis.
Paper pres. at South Platte River Basin Research
Conf., Fort Collins, CO. Nov. 19-20. (unpub.)

Reports to Industry

MILLER, T., GRAY, S. and TROCK, W. 1991.
Colorado's Farm & Food System: Farm and Ag-
ribusiness Contributions to the Cola Economy.
Bull. 551A in cooperation with Colo. Dept. of Ag.,
Colo. Ag. Exp. Sta. & Coop. Ext. Svc.

SPARLING, E., WILKEN, K. and MCKENtii-, J.
1991. Marketing Organic Fresh Produce in Colo-
rado Supermarkets. Rpt. to USDA/FSMP. Dec.
19.
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Agronomy

Doctorate of Philosophy

HALEY, S.D. 1991. Selection for Chemical Desic-
cation Tolerance in Winter Wheat. Colo. State
Univ., Fort Collins.

KISANA, N. 1991. Genetic and Cultural Effects on
Haploid Induction in Wheat. Colo. State Univ.,
Fort Coffins. 90p.

KITCHEN, N.R. 1990. Nitrogen Fertilization Im-
pact and Fate in No-till Dryland Cropping Sys-
tems. Colo. State Univ., Fort Collins. 155 p.

LERCH, R.N. 1991. Characterization of Sewage
Sludge Proteins. Colo. State Univ., Fort Collins.
185 p.

MAHDI, M. 1991. The Effect of Growth Retardants
on Dry Matter Partitioning, Yield, and Water Use
in Winter Wheat. Colo. State Univ., Fort Collins.
hop.

MERGOUM, M. 1991. Effects of Infection by Fusa-
rium acuminatum, Fusarium culmorum, or Coch-
liobolus sativus on Wheat. Colo. State Univ., Fort
Collins.

MOUGHLI, LHOUSSAINE. 1991. Phosphorus
Soil Test Calibration for Wheat on Moroccan
Soils. Colo. State Univ., Fort Collins. 119 p.

SUAREZ, A.A. 1991. Nitrogen and Phosphorus Fer-
tilization of Winter Wheat: Effects on Russian
Wheat Aphid Development. Colo. State Univ.,
Fort Coffins. 83 p.

WOOD, C.W. 1990. Nitrogen and Carbon Cycling
in No-till .Dryland Agroecosystems. Colo. State
Univ., Fort Collins. 90 p.

Masters of Science

LANDU-KALEMBA, B. 1991. Fertilizer Nitrogen
or Caragana Pruning Effects on Maize-Beans In-
tercropping. Colo. State Univ., Fort Coffins. p. 98.

MEHRAJ, K. 1991. Response of Three Different
Pinto Bean Cultivars Different Bed Widths, Row
Arrangements and Plant Populations. Colo. State
Univ., Fort Collins. 67 p.

MSISKA, E.M. 1992. Establishment and Forage
Production of Four Legumes with Blue Grama in
Dryland Sites. Colo. State Univ., Fort Collins. 85
p.

WARD, S. 1991. Male Sterility in Quinoa (Che-
nopodium quinoa Willd.). Colo. State Univ., Fort
Collins.

WARNKE, S.E. 1991. A Comparison Between the
Doubled Haploid and Modified Single Seed De-
scent Breeding Methods in Barley. Colo. State
Univ., Fort Collins. 61 p.

ZACHARISEN, M.H. 1990. Water-Use Efficiency
and Carbon Isotope Discrimination in Dry Beans.
Colo. State Univ., Fort Collins. 66 p.

Journal Articles

BARBARICK, K.A. 1991. Polyhalite Application to
Sorghum-Sudangrass and Leaching in Soil Col-
umns. Soil Sci. 151:159-166.

BOON, D.Y. and SOLTANPOUR, P.N. 1991. Esti-
mating Total Pb, Cd, and Zn in Contaminated
Soils from NH4HCO3-DTPA-Extractable Lev-
els. Commun. Soil Sci. Plant Anal. 22:369-378.

BRICK, M., WOOD, D., BALLARIN, M., SCH-
WARTZ, H., PEARSON, C., OGG, J. and
ECHOLS, J. 1991. Registration of 3 Gennplasm
Lines of Pinto Bean. Crop Sci. 31:1100-1101.

EL-FALAKY, A.A., ABOULROOS, S.A., and
LINDSAY, W.L. 1991. Measurement of Cd2+
Activities in Slightly Acidic to Alkaline Soils. Soil
Sci. Soc. Am. J. 55:974-979.

FOX, R.L. et al and SOLTANPOUR, P.N. 1991.
Amelioration, Revegetation & Subsequent Soil
Formation in Denuded Bauxitic Materials. Aller-
tonia. 6:128-184.

FRANKLIN, W.T., OLSEN, J.S. and SOLTAN-
POUR, P.N. 1991. Effects of Excessive Magne-
sium in Irrigation Waters on Wheat and Corn
Growth. Commun. in Soil Sci. Plant Anal. 22:49-
61

FRANKLIN, W.T., OLSEN, J.S. and SOLTAN-
POUR, P.N. 1991. Effect of Excess MgSO4 or
MG(HCO3)2 in Irrigation Water on Corn Growth.
Commun. Soil Sci. Plant Anal. 22:37-47.

FURUTA, Y., SHIBATA, K., NISHIKAWA, K.
and TSUCHIYA, T. 1991. Genetic Evaluation of
Telocentric Chromosome 2L and 2S in Barley by
Means of Aneuhaploid Analysis. Barley Genetics
VI. 1:277-278.

HEUN, M., KENNEDY, A.E., ANDERSON, J.A.,
LAPITAN, N.L.V., SORRELLS, M.E., and

1991 Annual Report - 29



TANKSLEY, S.D. 1991. Construction of a Re-
striction Fragment Length Polymorphism Map for
Barley (Hordeum vulgare). Genome 34:437-447.

HUSSAIN, G., IHSANULLAH, A.H., and WEST-
FALL, D.G. 1987. Reclamation of Saline Sodic
Non-Gypsiferous Soils. Arid Soils Res. and Reha-
bilitation. 2:29-47.

KELLY, E.F., AMUNDSON, R.G., MARINO,
B.D., and DENIRO, M.J. 1991. The Stable Carb-
on Isotopic Composition of Carbonate in Holo-
cene Grassland Soils. Soil Sci. Soc. Am. J. 55:
1651-1658.

KELLY, E.F., AMUNDSON, R.G., MARINO,
B.D., and DENIRO, M.J. 1991. Stable Isotope
Ratios of Carbon in Phytoliths as a Quantitative
Method of Monitoring Vegetation and Climatic
Change. Quat. Res. 35:222-233.

LINDSAY, W.L. 1991. Iron Oxide Solubilization by
Organic Matter and Its Effect on Iron Availability.
Plant and Soil. 130:27-34.

MELO, I. and BARBARICK, K.A. 1988. Effects of
Liquid and Dry Sewage Sludges on the Yield,
Nitrogen Uptake and Heavy Metal Content in
Corn. Agronomia Lusitana. 43:287-307.

NKONGOLO, K.K., QUICK, J.S., LIMIN, A.E.,
and FOWLER, D.B. 1991. Sources and Inheri-
tance of Resistance to Russian Wheat Aphid in
Triticum Species Amphiploids and Triticum
tauschii. Can. J. Plant Sci. 71:703-708.

NKONGOLO, K.K., QUICK, J.S., PEAIRS, F.B.,
and MEYER, W.L. 1991. Inheritance of Resis-
tance of PI372129 Wheat to the Russian Wheat
Aphid. Crop Sci. 31:905-907.

NKONGOLO, K.K., QUICK, J.S., PEAIRS, F.B.,
and MEYER, W.L. 1990. Gene Location for Rus-
sian Wheat Aphid Resistance of 'Imperial' Rye
Using Wheat-Rye Addition Lines. Cer. Res. Com-
mun. 18:307-313.

NOVERO, R., SMITH, D.H., MOORE, F.D., SHA-
NAHAN, J.F. and D'ANDRIA, R. 1991. Field-
Grown Tomato Response to Carbonated Water
Application. Agron. J. 83:911-916.

RUSTANIUS, P., HANG, A., HUGHES, H. and
TSUCHIYA, T. 1991. Chromosome Analysis of
Alstroemeria Ligtu Hybrids. Hort Sci. 26:902-
904.

SMITH, D.H. and DONNELLY, K.J. 1991. Visual
Markers of Maximum Grain Dry Weight Accu-
mulation in Wmter Wheat. Crop Sci. 31:419-422.

SOLTANPOUR, P.N. 1991. Determination of Nu-
trient Availability and Elemental Toxicity by AB-
DTPA Soil Test and ICPS. Advances in Soil Sci.
16:165-190.

TSUCHIYA, T. and WANG, S. 1991. Cytogenetics
of Ditelotetrasomics for Short Arms of Four Chro-
mosomes in Barley (Hordeum vulgare L.). Theor.
Appl. Genet. 83:41-48.

WANG, S., HANG, A. and TSUCHIYA, T. 1991.
Chromosome Studies of Callus Tissues and Re-
generated Plants from Unfertilized Ovule Culture
of Sugarbeet (Beta vulgaris L.). J. Genet. Breed.
45:117-122.

WANG, S., LAPITAN, N., and TSUCHIYA, T.
1991. Characterization of Telomeres in Hordeum
vulgare Chromosomes by In situ Hybridization. I.
Normal Diploid Barley. Japan. J. Genet. 66:313-
316.

WOOD, C.W., PETERSON, G.A., WESTFALL,
D.G., COLE, C.V. and WILLIS, W.F. 1991. Ni-
trogen Balance and Biomass Production of Newly
Established No-till Dryland Agroecosystems.
Agron. J. 83:519-526.

WOOD, C.W., WESTFALL, D.G. and PETER-
SON, G.A. 1991. Soil Carbon and Nitrogen
Changes from Initiation of No-till Cropping Sys-
tems in the West Central Great Plains. Soil Sci.
Soc. Am. J. 55:470-476.

ZEMETRA, R.S., and CUANY, R.L. 1991. Vari-
ation Among Inbreds for Seed Response to Low
Temperatures in Maize. Maydica 36:17-23.

Professional Papers

ABELLANOSA, A. and CUANY, R.L. 1991.
Drought Tolerance Evaluation of Corn Varieties
from Colorado. Agron. Abstr., Am. Soc. Agron.,
Madison, WI. p. 84.

BARBARICK, K.A. 1991. Lecture Notes for Intro-
ductory Soil Science. Fourth Edition. Burgess
Publishing Co., Minneapolis, MN.

BARBARICK, K.A. and DOXTADER, K.G. 1991.
Laboratory Manual for Introductory Soil Science.
Fourth Edition. Burgess Publishing, Minneapolis,
MN.
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BARBARICK, K.A., and SOMMERS, L.E. 1991.
Municipal Waste as a Fertilizer Material. IN:
Proc. 3rd Intermountain Meadow Symp. E.G. Si-
emer (ed.). Colo. Ag. Exp. Sta. Tech. Bull.
LTB91-1. pp. 173-180.

BRENNAN, E.W. and LINDSAY, W.L. 1991. Ef-
fect of Redox on the Solubility Relationships of
Iron, Manganese, and Phosphorus in Soils. Final
Rpi to TVA Cooperative Project 1131-167.

BROWN, R.E., HAVLIN, J.L., LYONS, Di., FEN-
STER, C.R. and PETERSON, G.A. 1991. Long-
Term Tillage and Nitrogen Effects on Wheat
Production in a Wheat-Fallow Rotation. Agron.
Abstr., Am. Soc. of Agron., Madison, WI. p. 326.

BUTTERS, G.L., HICKMAN, J., VAN SCHILF-
GAARDE, J. 1991. Agricultural Impact on Water
Quality. IN: Agriculture and Water Quality in the
Great Plains: Status and Recommendations. Great
Plains Ag. Coun. 45 p.

CUANY, R.L., HENSON, J., THOR, G.L., and
MSISKA, E. 1991. Selection for Caryopsis
Weight and Seedling Traits in Blue Grama.
Agron. Abstr., Am. Soc. Agron., Madison, WI. p.
91.

ELLS, J., SOLTANPOUR, P.N., KRUSE, E.G.,
SCHWEISSING, F. and RISTAU, R. 1990. Effect
of N Fertilization and Irrigation Water Quality on
Onion Yield and Residual Soil Nitrates. Agron.
Abstr. p. 267.

EVANS, S.D., PETERSON, G.A., WESTFALL,
D.G. and E.A. MCGEE. 1991. Nitrate Leaching
in Dryland Agroecosystems as Influenced by Soil
and Climate Gradients. Agron. Abstr., Am. Soc.
of Agron., Madison, WI. p. 330.

FENWICK, A.L., and LAPITAN, N.L.V. 1991. A
Survey of Restriction Fragment Length Polymor-
phism in Barley. Agron. Abstr., Am. Soc. Agron.,
Madison, WI. p. 194.

GUPTA, P.K. and TSUCHIYA, T. (eds.). 1991.
Chromosome Manipulations in Higher Plants: An
Overview. Chromosome Eng. in Plants: Genetics,
Breeding, Evolution, Part A. pp. 1-13.

HALEY, S.D., QUICK, J.S. and SMITH, D.H. 1991.
Selection for Chemical Desiccation Tolerance in
Winter Wheat. Agron. Abstr., Am. Soc. Agron.,
Madison, WI. p. 97.

HAMMON, R.W., PEARSON, C.H., and PEAIRS,
F.B. 1991. Microclimate and Russian Wheat
Aphid Distribution in Furrow Irrigated Winter
Wheat and Barley. Agron. Abstr., Am. Soc.
Agron., Madison, WI. p. 145.

JOHNSON, D.L. 1991. Amaranth and Quinoa on the
High Plains. High Plains Symp. Invited Paper.
Agron. Abstr., Am. Soc. Agron., Madison, WI. p.
147.

KASELE, I., NYIRENDA, F., SHANAHAN, J.,
NIELSEN, D. and D' ANDRIA, R. 1991. Growth
Retardants Alter Corn Veg. Growth & Water and
Increase Grain Yield Under Drought Stress.
Agron. Abstr., Am. Soc. Agron., Madison, WI. p.
128.

KASELE, I., SHANAHAN, J.F. and NIELSEN,
D.C. 1991. Growth Retardants Alter Corn Leaf
Morphology, Anatomy, and Gas Exchange, and
Increase Water Use Efficiency. Agron. Abstr.,
Am. Soc. Agron., Madison, WI. p. 128.

KELLY, E.F., MARINO, B.D., YONKER, C.M.
and MCELROY, M.B. 1991. The Stable Carbon
Isotope Composition of Holocene Paleosols as
Indicators of Prehistorical Climate in the Central
Great Plains. Abstr. AGU. p. 11.

KELLY, E.F., YONKER, C.M., PETERSEN, M.L.,
and MARINO, B.D. 1991. Paleoindicators of
Holocene Landscape Evolution, Shortgrass
Steppe, Colorado. Agron. Abstr., Am. Soc.
Agron., Madison, WI. p. 314.

KISANA, N. and JOHNSON, D.L. 1991. High Par-
ent Heterosis in Anther Culture of Wheat. Western
Soc. of Crop Sci. Abstr. in Agron. Abstr., Am.
Soc. Agron., Madison, WI. Append.3:4.

KISANA, N. and JOHNSON,D.L. 1991. Modifica-
tions to the Wheat-Maize Haploid Production
System. Western Soc. of Crop Sci. Abstr. in
Agron. Abstr., Am. Soc. Agron., Madison, WI.
Append. 3:3.

KISANA, N., JOHNSON, D.L. and QUICK, J.S.
1991. Alien Cytoplasmic Effects on Androgenesis
in Wheat. Agron. Abstr., Am. Soc. Agron., Madi-
son, WI. p. 197.

LAPITAN, N.L.V., FENWICK, A., and NAMUTH,
D. 1991. A RFLP Map of Barley Based on an
Interspecific Cross Between Hordeum vulgare
and H. spontaneum. Agron. Abstr., Am. Soc.
Agron. p. 197.
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ALD, S.E. 1990. Trees are the Answer: 42nd Ann.
Mtg, Forest. Comm. June 1990, Colo. Springs,
Colo. Great Plains Ag. Coun. Publ. 132.

HOL I T.O. and ARNDT, C. 1991. An Over-
view of Sustainable Agriculture and an Illustra-
tion Drawn from RWA Management. Proc., Great
Plains Ag. Coun. Forest. Comm. Ann. Mtg.
132:99-103.

KNUDSON, D.L. and MONATH, T.P. 1990. Or-
biviruses. Virology. Chpt. 50. 2(2):1405-1433.
Raven Press, New York.

LEGG, D.E., HEIN, G.L., and PEAIRS, F.B. 1991.
Sampling Russian Wheat Aphid in the Western
Great Plains. Colo. Coop. Ext. Svc. - Great Plains
Ag. Coun. Publ. 138, 27 p.

MEYER, W.L. and PEAIRS, F.B. 1991. Russian
Wheat Aphid News. Volume 5, Nos. 1-6.

PEAIRS, F.B. 1991. Russian Wheat Aphid Manage-
ment. IN: Proc. of Aphid-Plant Interactions:
Populations to Molecules. D. Peters, J. Webster
and C. Chlouber (eds.). Oklahoma State Univ.,
Stillwater. pp. 233-241.

PEAIRS, F.B. and PILCHER, S.D. 1990. Insect
Management. IN: Colorado Dry Bean Production
and IPM bulletin. H.F. Schwartz and M.A. Brick
(eds.). Colo. Coop. Ext. Svc. and Ag. Exp. Sta.
Bull. 548A. pp. 21-2.

PEAIRS, F.B., BECK, G. K., BROWN, W.M., SCH-
WARTZ, H.F., and WESTRA, P. 1991. 1991
Colorado Pesticide Guide: Field Crops. Colo.
Coop. Ext. Svc. and Ag. Exp. Sta. Bull. XCM-45,
83 p.

QUICK, J.S., NKONGOLO, K.K., and PEAIRS,
F.B. 1991. Breeding Wheat For Resistance to the
Russian Wheat Aphid. Agron. Abstr. Madison,
WI. p. 112.

ZIMMERMAN, R.J., JACOBS, W.L., and KON-
DRATIEFF, B.C. 1991. Plant Feeding Scarabs
(Coleoptera; Scarabaeidae) of Colorado. Colo.
State Univ. 34p.

Reports to Industry

SCHWARTZ, H.F., CRANSHAW, W.S. and WES-
TRA, P. 1984 - 1991. (annual update) Colorado
Pesticide Guide - Commercial Vegetable Crops.
Colo. Coop. Ext. Svc. Publ. XCM-43.

Horticulture

Doctorate of Philosophy

DEMEKE, TIGST. 1991. Propagation, Pollen Stor-
age and In Vitro Lemmatoxin Production of En-
dod (Phytolacca dodecandra L.). Colo. State
Univ., Fort Collins. 98 p.

LOPEZ-GUTIERREZ, F. 1991. Physical and
Chemical Alteration of Distichlis spicata L. Cell
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Walls with NaC1 and Water Stress. Colo. State
Univ., Fort Collins. 107 p.

Masters of Science

CUMMINS, D.B. 1991. The Production of a Potted
Freesia Crop Using Temperature Manipulation of
Freesia X Hybrida Corms. Colo. State Univ., Fort
Collins. 39 p.

DAMI, IMED. 1991. In Vitro Acclimatization of
Tissue Cultured Grape (Vitis sp 'Valiant') Plant-
lets. Colo. State Univ., Fort Coffins. 155 p.

NOVERO, R.P. 1991. Yield Response of Mulched
Field Grown Tomatoes Irrigated with Carbonated
Water. Colo. State Univ., Fort Collins. Spring. 80
p.

Journal Articles

ANDERSON, J.L., HATCH A.H., SEELEY S.D.,
ROGOYSKI M.K., and RENQUIST A.R. 1990.
Delayed Foliation of Apples and Cherries in Utah
and Colorado During 1989. Acta Hort. 276:193-
200.

DEME10E, T. and HUGHES, H.G. 1991. Germina-
tion and Storage of Pollen of Phytolacca dodecan-
dra L. (Endod). Ann. Bot. 68:13-15.

ELLS, J.E. and MCSAY, A.E. 1991. Allelopathic
Effects of Alfalfa Plant Residues in Emergence
and Growth of Cucumber Seedlings. HortSci.
26(4):368-370.

ELLS, J.E., MCSAY, A.E., and WORKMAN, S.M.
1991. Toxic Effects of Manure, Alfalfa, and Am-
monia on Emergence and Growth of Cucumber
Seedlings. HortSci. 26(4):380-383.

HOPPER, D. A. and HAMMER, P.A. 1991. Regres-
sion Models Describing Rosa Hybrida Response
to Day/Night Temperature and Photosynthetic
Photon Flux. J. Am. Soc. Hort. Sci. 116(4):609-
617.

HUGHES, H.G., LEE, C.W. and TOWILL, L.E.
1991. Low-temperature Preservation of Clianthus
formosus Pollen. HortSci. 26: 1411-1412.

PAVEK, J.J., ET AL. 1991. Frontier Russet: A New
Potato Variety for Early Fresh and Processing Use
with Resistance to Fusarium Dry Rot. Am. Potato
J. 68:525-532.

PAVEK, J.J., ET AL. 1991. Gemchip: A New Potato
Variety with Chipping Quality and Verticillium

Resistance for the Western U.S. Am. Potato J.
68:461-4.66.

STUSHNOFF, C. 1991. Cyropreservation of Fruit
Crop Genetic Resources. Implications for Main-
tenance and Diversity. HortSci. 26:518-522.

Professional Papers

COCHRANE, J., ZIZZ, J.D. and HUGHES, H.G.
1991. Viability and Germination Tests of Fringed
Gentian, Gentiana thennalis (0. Kuntz) Itlis. Proc.
72nd Ann. Mtg. Pacific Division, AAAS. p. 15.
(Abstr.).

DAM!, I. and HUGHES, H.G. 1991. Leaf Anatomy
of Micropropagated Grape Affected by Reduced
Water Potential. HortSci. 26:725. (Abstr.).

DAM!, I. and HUGHES. H.G. 1991. PEG Effects on
Growth and Water Loss of Micropropagated
Grape. HortSci. 26:725. (Abstr.).

DAVIDSON, K.G.V., ROOS, E.E., and MOORE
III, F.D. 1991. Viability and Vigor of Corn Seeds
after Repeated Imbibition/Dryback. HortSci.
26(6):737. Abstr. 400.

ESENSEE, V., HUGHES, H.G. and VOLK, G.
1991. In Vitro Selection of Strawberry (Fragaria
sp) for Salt (NaC1) Tolerance. In the Strawberry
into the 21st Century. Timber Press, Portland, OR.

300 p.

GAUS, A.G., NC-140 Committee. 1991. Abnor-
malities in 'Starkspur Suprement Delicious' Ap-
ple on Nine Rootstocks in the 1980-81 NC-149
Cooperative Planting. Fruit Var. J. 45:213-219.

GAUS, A.G., NC-140 Committee. 1991. Perform-
ance of 'Starkspur Supreme Delicious' Apple on
Nine Rootstocks Over 10 Years in the NC-140
Cooperative Planting. Fruit Var. 1.45:192-199.

GAUS, A.G., NC-140 Committee. 1991. Perform-
ance of 'Stark.spur Supreme Delicious' Apple on
9 Rootstocks at 27 Sites Over 10 Years. Fruit Var.
J. 45:200-208.

HOLM, D.G. 1991. Colorado. IN: National Potato
Germplasm Evaluation and Enhancement Rpt.,
1990. K. Haynes (ed.). USDA-ARS Beltsville,
MD. pp. 67-73

HOLM, D.G. and DAVIDSON, R.D. 1991. Field
Performance of Two Centennial Russet Leaf Vari-
ants. Am. Potato J. 68:615-616. (Abstr.).
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HOPPER, D.A. and WOERNER, S.E. 1991. Rose
(Rosa Hybrida L.) Development under Ambient
and Reduced Solar Irradiance. HortSci.
26(6):721. (Abstr.).

HUGHES, H.G. 1991. Forestry Tissue Culture.
Colorado Forestry Assoc. Newsletter 9:12-15.

HUGHES, H.G., KOSKI, A.J. and AHMED,
QAISRA. 1991. Callus Initiation and Prolifera-
tion in Buffalograss. Agron. Abstr. 1991 Mtgs. p.
177.

KLETT, J.E. and STAATS, D. 1991. Preemergent
Weed Control in Container-Grown Landscape
Plants. HortSci. 26(6):80. (Abstr.).

KOSKI, A.J., KEELEY, S.J., and DAHLIN, R.M.
1991. Use of Time-Domain Reflectrometry
(TDR) to Measure Water Use Rates of Turf-
grasses. 83rd Ann. ASA Mtgs. p. 178. (Abstr.).

LEE, C.W., NOLI, E., GOLDSBERRY, K.L., and
HOPPER, D.A. 1991. Poinsettia Stock Plant Cul-
ture with Nutrient Water Recirculation. HortSci.
26(6):713. (Abstr.).

LEE, C.W., NOLI, E., MI IRA, N.J., and FELD-
MANN, D. 1991. Survival and Flowering of Fall-
Planted Pansies. HortSci. 26(6):707. (Abstr.).

LEE, C.W., PAK, C.H., and CHOI, J.M. 1991. Mi-
cronutrient Toxicity in Seed Geranium Pellargo-
nium X Horton= Bailey. HortSci. 26(6):764.
(Abstr.).

LEE, C.W., PAK, C.H., CHOI, J.M., and SELF, J.
R. 1991. Micionutrient Toxicity in French Mari-
golds Tagetes Patula L. HortSci. 26(6):715. (Ab-
str.).

LOPEZ-GUTIERREZ, F. and HUGHES, H.G.
1991. NaC1 Stress Alters Primary Cell Wall Ten-
sile Strength in the Holophytic Grass Distichlis
spacata L. Proc. 72nd Ann. Mtg., Pacific Div.,
AAAS. p. 14. (Abstr.).

MOORE III, F.D. and ICNUTSON, K. 1991. Culti-
var Comparison under Seasonal Limitation Using
Yield Determinants. Am. Potato J. 68:625-626.
Abstr. 69.

MOORE III, F.D., ROOS, E.E. and REITZ, A.E.
1991. Electroconchictivity Seed Test and Possible
Error. Agron. Abstr., Am. Soc. of Agron. Madi-
son, WI. p. 169.

MOORMAN, B.D. and 1FF, C.W. 1991. Perform-
ance of Rockwool and Peat Mixtures as Growing

Media for Easter Lily. HortSci. 26(6):739. (Ab-
str.).

ROGOYSKI, M.K. 1991. Weed Control for Pome
and Stone Fruit Orchards. A Revision of a Section
of Colorado Tree Fruits 1991 Pest and Crop Man-
agement Guide. H.J. Larsen and W.S. Cranshaw
(eds.). pp. 10.1-10.4.

SAFADI, F., MORGAN, J. and HUGHES, H.G.
1991. Semipermeable Covers Enhance Stomatal
Function and Photosynthesis of In Vitro Cultured
Tobacco. HortSci. 26:726. (Abstr.).

SEUFFERHELD, M.J., FITZPATRICK, J.,
WALSH, T.M., and STUSHNOFF, C. 1991. Cy-
ropreservation of Dormant Buds from Cold Ten-
der Taxa Using a Modified Vitrification
Procedure. Cyrobiology 28(6):576. (Abstr.).

STUSHNOFF, C., REMMELE, R., ESENSEE, V.,
and MCNEIL, M. 1991. Raffinose and Stachyose
Increase During Cold Acclimation in Woody
Plants. Cryobiology 28(6):576. (Abstr.).

WOERNER, S.E. and HOPPER, D.A. 1991. Evalu-
ation, Comparison, and Testing of Media Types
and Their Effects on Production of Hybrid Tea
Rose 'Royalty'. HortSci. 26(6):715. (Abstr.).

Reports to Industry

BULLA, A.D. 1991. A Comparison of Pest Control
in Bartlett Pear with Oil Sprays and a Conven-
tional Spry Program: Split Block Experiment
(1989). Colo. Ag. Exp. Sta. and WCHS Orchard
Field Day Rpt. Grand Junction. 3 p. (unpub.)

BULLA, A.D. 1991. Entomology Research. Colo.
Ag. Exp. Sta. and WCHS Orchard Field Day Rpt,
Grand Junction. 1 p. (unpub.)

ERWIN, J.E., BERGHAGE, R.D., and HOPPER,
D.A. 1991. Light and Temperature Effect on Zo-
nal Geraniums. From: Tips on Growing Zonal
Geraniums. H.K. Tayama and T.J. Roll (eds.). 2nd
edition. Ohio Coop. Ext. Svc. pp. 23-26.

FEUCHT, J.R., KLETT, J.E., and WILSON, C.
1991. Large Deciduous Trees for Street and
Shade. Colo. State Univ. Coop. Ext. Svc. Service-
in-Action No. 7.4129.

FEUCHT, J.R., KLETT, J.E., and WILSON, C.
1991. Small Deciduous Trees for Privacy and
Color. Colo. State Univ. Coop. Ext. Svc. Service-
in-Action No. 7.418.
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HAMMAN, R.H. JR., LARSEN, H.J., and SAV-
AGE, S.E. 1991. The Colorado Grape Growers
Guide. Ext. Bull. 550A. Colo. Coop. Ext. Svc. 56
p.

HOLM, D.G. 1991. 1990 Physiological and Cultural
Studies Research Progress Rpt. to the Colorado
Potato Admin. Comm. San Luis Valley Office
(Area II). 22p.

HOLM, D.G. 1991. 1990 Potato Breeding and Se-
lection Research Rpt. to the Colorado Potato
Admin. Comm. San Luis Valley Office (Area II).
16 p.

HOPPER, D.A. 1991. Alma' June Progress Report:
Supplemental Lighting for Improved Rose
Growth and Quality. Rpt. to funding agencies of
Colorado Greenhouse Growers Assoc. and Public
Service Co. of Colorado.

HOPPER, D.A. 1991. Interim September Progress
Report: Thermodynamic Balance for Promoting
Alstroemeria Production. Directly to Am. Floral
Endowment, Edwardsville, IL.

HOPPER, D.A., LEE, C.W., and GOLDSBERRY,
K.L. 1991. Interim February Progress Report:
Validation and Testing of the ROSESIM Com-
puter Model of Rose Growth and Development.
Roses Inc. Bull. April.

HOPPER, D.A., LEE, C.W., and GOLDSBERRY,
K.L. 1991. Interim March Progress Report: Ther-
modynamic Balance for Promoting Alstroemeria
Production. Directly to Am. Floral Endowment,
Edwardsville, IL.

KLETT, J.E. 1991. Six More Unusual Shrubs for
Colorado Landscapes. Colorado Forestry Assoc.
Newsletter. 9(4):17-18.

KLETT, J.E. 1991. Six Outstanding Shrubs for
Rocky Mountain Landscapes. Rocky Mountain
Gardener. 1(4):18-19.

KLETT, J.E. 1991. To Prune or Not to Prune at
Transplanting. Grounds Maintenance. 26(6):58.

KLETT, J.E. 1991. Woody Plant Evaluation Re-
search Continues. Colo. Green. 7(1):16-18.

ICLE'rT, J.E. and DAWSEY, K. 1991. How Slow
Release Fertilizers affect Container Plant Growth
in Different Media. Colo. Green. 7(2):14-15.

KLETT, J.E. and SLUMP, K. 1991. Plant Select for
the Rocky Mountain and Plains States. Colo.
Green. 7(3):14-15.

ICLETT, J.E. and STAATS, D. 1991. Postharvest
Care and Regrowth of Bare Root Herbaceous
Perennials. Colo. Green. 6(4):18-19.

KLETT, JAMES E. and SLUMP, KEN. 1991. Plant
Select for the Rocky Mountains and Plains States.
Colo. Nurserymen's Assoc. Loosleaf. 8(4):8-9.

LARSEN, H.J. 1991. Peach Mosaic: Look For These
Symptoms. Colo. State Univ. OMRC, Palisades
Nat'l Bank, and Public Service Co. of Colorado,
Grand Junction. 2p. (unpub.)

LARSEN, H.J. and CRANSHAW, W.C. 1991.
Colorado Tree Fruits: 1991 Pest and Crop Man-
agement Guide. Ext. Bull. XCM-141, Colo. Coop.
Ext. 126 p.

RENQUIST, A.R. 1991. Colorado Pear Rootstock
Trial. Colo. Ag. Exp. Sta. and WCHS Orchard
Field Day Rpt., Grand Junction. 1 p. (unpub.)

RENQUIST, A.R. 1991. Horticulture Research.
Colo. Ag. Exp. Sta. and WCHS Field Day Rpt,
Grand Junction. 1 p. (unpub.)

RENQUIST, A.R. 1991. Peach Variety Trial 1982-
1990. Colo. Ag. Exp. Sta. and WCHS Orchard
Field Day Rpt., Grand Junction. 2 p. (unpub.)

ROGOYSKI, M.K. 1991. Protect Tree Bark - Dou-
ble Tree Life for a Few Cents per Tree. Fruit
Growers Newsletter (Colorado) 11(6):2.

Plant Pathology and Weed Science

Masters of Science

HANSON, D.E. 1990. Russian Knapweed Interfer-
ence with Corn VA Mycorrhiza, Western Wheat-
grass, and Smooth Brome. Colo. State Univ., Fort
Collins. 107 p.

SALGADO, M.O. 1991. Limited Term Inoculation
Technique for and Inheritance of Resistance to
White Mold in Dry Beans. Colo. State Univ., Fort
Collins. 102 p.

Journal Articles

BAKER, R. 1991. Diversity in Biological Control.
Crop Protection. 10:85-94.

CARPITA, N.C., HOUSLEY, T.L. and HENDRIX,
J.E. 1991. New Features of Plant-fructan Struc-
ture Revealed by Methylation Analysis and Carb-
on-13 n.m.r. Spectroscopy. Carbohydrate
Research. 217:127-136.
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CHAPMAN, P.L. and LARSEN, A.L. 1990. Prob-
lems with the Tolerance Table for Noxious Weed
Seeds. J. Seed Technol. 14(2):83-93.

JACOBI, W.R. and SHEPPERD, W.D. 1991. Fungi
Associated with Sprout Mortality in Aspen Clear
Cuts in Colorado and Arizona. USDA For. Svc.,
Research Note Rm. 513. 5 p.

MANDEEL, G., and BAKER, R. 1991. Mechanisms
Involved in Biological Control of Fusarium Ox-
ysporum. Phytopathology. 81:462-469.

PAULITZ, T.C., AHMAD, J.S., and BAKER, R.
1990. Integration of Pythium nunn and Tricho-
derma harzianum isolate T-95 for the Biological
Control of Pythium Damping-off of Cucumber.
Plant and Soil. 121:243-250.

RAFSNIDER, G.T. and ZIMDAHL, R.L. and
HAMMIDA, M. 1990. Costs Associated with
Weed Management in Cereals and Food Legumes
in the Abda Region of Safi Province, Morocco.
FAO Plant Prod. Bull. 38:188-193.

SCHWEI I LER, E.E. and P. WESTRA. 1991. Po-
tential for Weeds to Develop Resistance to Sugar-
beet Herbicides in North America. J. of Sugarbeet
Research. 28:1-22.

WILSON, R.G. and WES IRA, P. 1991. Wild-Proso
Millet (Panicum miliaceum) Interference in Corn
(Zea mays). Weed Sci. 39:217-220.

ZIMDAHL, R.L. 1991. Weed Science - A Plea for
Thought. USDA, Coop. State Res. Svc. Washing-
ton, DC. 34 p.

Professional Papers

BAKER, R. 1991. Biological Control: Eradication
of Plant Pathogens by Adding Organic Amend-
ments to Soil. IN: Handbook of Pest Management
in Agriculture (2nd Edition) Volume II. D. Pimen-
tel (ed.). CRC Press. Boca Raton, FL. pp. 299-309.

BAKER, R. 1991. Four Horses of Biological Con-
trol. IN: Biological Control of Plant Diseases.
Symp. Proc. R. Nyvall (ed.). Misc. Pub. 72-1991.
Minn. Ag. Exp. Sta. St. Paul, MN. pp. 1-16.

BAKER, R. 1991. Induction of Rhizosphere Com-
petence in the Biocontrol Fungus Trichoderma.
IN: The Rhizosphere and Plant Growth. D.L.
Keister and R.P. Cregan (eds.). Kluwer Academic
Publishers. Netherlands. pp. 221-228.

BAKER, R. 1991. Molecular Biology in Control of
Fungal Pathogens. IN: Handbook of Applied My-
cology, Vol.!: Soil and Plants. D.K. Arora, B. Rai,
K.G. Mukerii, and G.R. Knudsen (eds.). Marcel
Dekker, Inc., New York, NY. pp. 259-271.

CHRISTOFFOLETI, P.J. and WESTRA, P. 1991.
Fitness and Ecological Adaptability of Chlorsul-
furon Resistant and Susceptible kochia Biotypes.
Proc. Western Soc. of Weed Sci. 44:81.

DUNAN, C. and WES IRA, P. 1991. Effects of
Weed Competition on Onion Growth, yield, and
quality. Proc. Western Soc. of Weed Sci. 44:83.

DUNAN, C. and WESTRA, P. 1991. Weed Popula-
tion Effects on Onion Growth, Yield, and Quality.
WSSA Abstr. 31:38.

GEILS, B.W. and JACOBI, W.R. 1991. Rating a
Lodgepole Pine Forest for Potential Losses to
Commandra Blister Rust. IN: Rusts of Pine, Proc.
3rd. IUFRO Rusts of Pine Working Party Conf.
For Can, Inf. Rpt. NOR-X-317.

HAIDAR, M., P. WESTRA, and ORR G. 1991.
Sensory Physiology of Dodder Seedlings Prior to
Host Attachment. Proc. Western Soc. of Weed
Sci. 44:85.

HALL, R. 1991. Compendium of Bean diseases.
APS Press, St. Paul, MN. 73 p. (H.F. Schwartz
contribution 69 color plates and was an author for
14 sections).

HANSON, D.E. and BECK, K.G. 1991. Interference
Between Two Rangeland Grasses and Russian
Knapweed. Proc. Wes. Soc. Weed Sci.: 85. (Ab-
str.).

HICKS, J.K., DAVIDSON, J.W., HENDRIX, J.E.
and SMITH, D.H. 1991. Timing of the Anthrone
Method of Carbohydrate Analysis. The J. of the
Colo.-Wy. Acad. of Sci. XXIII:17 (Abstr.).

HICKS, J.K., DAVIDSON, J.W., HENDRIX, J.E.
and SMITH, D.H. 1991. Timing of the Anthrone
Method of Carbohydrate Analysis. Plant physiol.
(Supl) 96:3 (Abstr.).

HILL, J.P., SCHWARTZ, H.F., SALGADO, M.O.,
and FARRERA, R.E. 1990. Sub-lethal Effects of
Propiconazole on Bean Rust. Phytopathology
80:974 (Abstr.).

HOLLEY, W.D., and BAKER, R. 1991. Carnation
Production II. Kendall/Hunt Publ. Co. 156 p.
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ISHIMARU, C.A. and VANBUREN, A. 1991.
Prevalence of Hydroxamate and Catechol Sidero-
phore Production in Erwinia carotovora subsp.
carotovora and Erwinia carotovora subsp.
atroseptica. Phytopathology 81:1245 (Abstr.).

LYM, R.G., BECK, K.G., FAY, P.K., FERRELL,
M. and PETERSON, M. 1991. Leafy Spurge Con-
trol with Glyphosate Plus 2, 4-D: A Regional
Research Project. Proc. Wes. Soc. Weed Sci.:
33-35.

QUICK, J.S., MERGOUM, M., WILDERMUTH,
G.G., and HILL, J.P. 1991. Root Rot Enhance-
ment Using Plant Water Stress. (Abstr.) Intl.
Workshop on Common Root Rot of Cereals. Aug.
Saskatoon, Saskatchewan, Canada.

SATHISH, P. and RANU, R.S. 1991. Cloning and
Expression of Barley Yellow Dwarf Virus Coat
Protein Gene. IN: Fourth Ann. Colorado Biotech-
nology Symp. pp. 15-16.

SCHWARTZ, H.F., and MCMILLAN, M.S. 1991.
Bactericide Efficacy Against Halo Blight Epi-
phytes. Ann. Rpt. Bean Improv. Coop. 34:27-28.

SCHWEIZER, E.E., WESTRA, P. and LY-
BECKER, D. 1991. Weed Management Deci-
sions in Corn Based on Bioeconomic Modeling.
Proc. Western Soc. of Weed Sci. 44:115.

SWIFT, C., ISHIMARU, C.A. and BROWN, W.M.
1991. Bacterial Streak of Millet Caused by Xan-
thomonas spp. in Colorado. Phytopathology
81:1159 (Abstr.).

VELASCO, V.R., ISHIMARU, C.A. and BROWN,
W.M., JR. 1991. Halo Blight of Spring Wheat
Caused by Pseudomonas syringae. Phytopathol-
ogy 81:1159 (Abstr.).

WESTRA, P. and CRANMER. 1991. Effects of
Thifensulfuron Methyl Plus Tribenuron Methyl
and imazamethabenz Drift on Four Potato Varie-
ties Treated at Three Different Growth Stages.
Proc. Western Soc. of Weed Sci. 44:112.

Reports to Industry

SCHWARTZ, H.F., MCMILLAN, M.S. and
ECHOLS, J.W. 1991. Reaction of Dry Bean Cul-
tivars and Breeding Lir' les to White Mold, 1990.
APS Biological and Cultural Tests for Control of
Plant Diseases. 7:83.

SCHWARTZ, H.F., MCMILLAN, M.S. and
VAUGHN, M.R. 1990. Evaluation of Foliar Fun-

gicides for Rust Control in Dry Beans, 1989. APS
Fungicide & Nematicide Test Results. 45:198.

College of Applied Human Sciences 

Design, Merchandising and Consumer
Sciences

Masters of Science

NEELY, J. 1991. Housing Changes for Older
Adults. Colo. State Univ., Fort Collins. 105 p.

Journal Articles

MCFADDEN, J.R. and MAKELA, C.J. 1990. Hous-
ing and Community Retirement Preferences: Are
They Related to Anticipated Sources of Retire-
ment Income. Housing and Soc. 17(2):5-12.

MCFADDEN, J.R. and MAKELA, C.J. 1991. Ex-
ploring Theory to Formulate Models for Retire-
ment Housing Decisions. Themis: J. of Theory in
Home Economics. 9(1):83-103.

Professional Papers

DALLAS, M.J. and WILSON, P.A. 1991. Inconti-
nence Product Performance: Evaluation on
Healthy Skin. Research Poster Session, Intl. Tex-
tile and Apparel Assoc. Ann. Mtg., San Francisco,
CA. Nov.

HATCH, K.A., MARICEE, N.L, SIMPSON, L.E.,
DAVIS, L., DALLAS, M.J., WILSON,
P.A.,HARGER, B., and MILLER, J. 1991. Textile
Use for Health and Wellness. J. of Home Econom-
ics. 83(1):17-26.

MAKELA, C.J. and TRIPPLE, P. 1991. Do Retirees
Consider Their Home Their Castle. IN: Abstr. of
Research Presentations: 1991 Ann. Mtg. S.A.
Helmick (ed.). Bloomington, IL: Meridian Ed.
Corp. p. 22.

MAKELA, C.J. et al. 1991. Housing Affordability.
Bibliography.

TRIPPLE, P.A. and MAKELA, C.J. 1991. Concerns
of Retirees: Messages for Public Policy. IN: Ab-
str. of Research Presentations: 1991 Ann. Mtg.
S.A. Helmick (ed). Bloomington, IL: Meridian
Ed Corp. p. 17.
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TRIPPLE, P.A. and MAKELA, C.J. 1991. Women
and Retirement Planning. Western Social Sci. As-
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K.G.D. 1991. Prostacyclin (PGI2) Synthesis in
Basal and Thrombin Challenged Aortic Rings is
Depressed in Copper-Deficient and Copper Mar-
ginal Rats. FASEB J. 5:A1454 (Abstr. 6284).
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DONKOR, S.M.K. 1991. A Project Management
Model Based On Observation-Response Practices
for Small-Scale Irrigation Systems. Colo. State
Univ., Fort Collins. 238 p.
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draulics. Colo. State Univ., Fort Collins. p. 152.

Masters of Science
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HEYDER, W.E., GATES, T.K., FONTANE, D.G.,
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Planning for Improved Irrigation Delivery Per-
formance. II. Application. J. of Irrig. and Drain.
Engr., ASCE, Vol. 117, No. 6. Nov/Dec.

OGDEN, F.L. and RUFF, J.F. 1991. Setting Time
Effects on Bentonite Water Well Annulus Seals,
J. of Irrig. and Drain. Engr., ASCE, Vol. 117, No.
4, July/Aug.
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231-238.

GATES, T.K., HEYDER, W.E., and FONTANE,
D.G. 1991. Multicriterion Strategic Planning for
Improved Irrigation Delivery Performance. Pres.
in Proc. 1991 ASCE Nat'l. Conf. on Irrig. and
Drain Engr, Honolulu, HI.

SALEH, M.M. and RUFF, J.F. 1990. Expert System
for Open Channel Survey Analysis, Proc. of
ASCE Conf. on Computing in Civil Engineering.

Reports to Industry

COMES, G., MILLER, P., and WARNER, J. 1991.
Visualization of a Groundwater Model, Paper

pres. at the 1991 Nat'l. Conf. of the Hydraulics
Div. of the Am. Soc. of Civil Engr, July 29-Aug
1, Nashville, TN. pp. 613-618.

MCGRANE, P., GATES, T.K., PODMORE, T.H.
and SANDERS, T.G. 1991. Developing Water
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Tech. Rpt. No. 1, Colo. Ag. Exp. Sta.

MORGENSTERN, S. and GATES, T.K. 1991.
Models for Assessing Water Quality in Irrigation
Distribution Systems: A Review of the Literature.
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SALAS, J.D. and AB DELMOHSEN, M.W. 1991.
Stream flow Drought Statistics by Stochastic
Simulation. Proc. of the U.S.-P.R.C's Bilateral
Symp. on Droughts and Arid-Region Hydrology,
Tucson, AZ, U.S.G.S. Rpt. 91-244. pp. 227-233.

TAMAYO-LARO, C., WARNER, J., MAY, J. and
MAZION, E. 1991. Geostatistical Site Charac-
terization and Stochastic Modeling of a Pump and
Treat System, Paper pres. at 34th Ann. Mtg. As-
soc. of Engr. Geologists, Sept. 29-Oct. 4.

WARNER, J., MAY, J., MAZION, E., and AB DEL-
RAHMEN. 1991. Management of Groundwater
Barrier Systems at Rocky Mtn. Arsenal, Denver.
Paper pres. at 34th Mtg. of Assoc. of Engr. Geolo-
gists, Sept. 29-Oct. 4, Chicago, IL. pp. 921-929.

WARNER, J.W. and RABBANI, M. 1991. A
Sublayer Approach to Quasi Three-Dimensional
Modeling of Groundwater Contamination. Paper
pres. at 11th Hydrology Day, Apr. 2-4, Fort Col-
lins, CO. pp. 128-139.

College of Natural Resources

Forest Sciences

Doctorate of Philosophy

MORENO-SANCHEZ, R. 1991. A Queuing The-
ory-Integer Programming Approach for the De-
ployment of Forest Crews in Mexico. Colo. State
Univ., Fort Collins.

ZOU, X. 1991. Phosphorus Biogeochemistry in
Some Forest and Grassland Ecosystems. Colo.
State Univ., Fort Collins. 91 p.

52- Colorado Agricultural Experiment Station



Masters of Science

LONG WELL, T.R. 1991. Colorado Logging Acci-
dents 1984-1989 and Proposals for Change. Colo.
State Univ., Fort Collins. 193 p.

RHOADES, C. 1991. Factors Influencing Soil pH
Changes Beneath Eight Year Old Eucalyptus and
Albizia Plantations. Colo. State Univ., Fort Col-
lins. 57 p.

STUMP, L. 1991. Relationships Between Litter
Quality and Nitrogen Availability in Rocky
Mountain Forests. Colo. State Univ., Fort Collins.
75 p.

Journal Articles

BETTERS, D.R. and DAY, J.T. 1991. FORSTAR:
A Forest Harvest Scheduling Model. Compiler
9(3):37-38. 19.

BINKLEY, D., and VALENTINE, D. 1991. Fifty-
Year Biogeochemical Effects of Green Ash,
White Pine, and Norway Spruce in a Replicated
Experiment. For. Ecol. & Mgmt. 40:13-25.

HUSSIN, Y.A., REICH, R.M. and HOI-PER, R.M.
1990. Estimating Slash Pine Biomass Using Ra-
dar Backscatter. IEEE Trans. on Geosci. and Re-
mote Sens. 29:39-42.

KHAN, M. and BETTERS, D.R. 1991. 1991. Eco-
nomic Analysis of Agroforestry Options for Small
Irrigated Farms in Punjab Province, Pakistan.
Pakistan J. of Forestry. 40(3):206-209.

LANDSBERG, J.J., ICAUFMANN, M.R., BINK-
LEY, D., ISEBRANDS, J., and JARVIS, P. 1991.
Evaluating Progress Towards Closed Forest Mod-
els Based on Fluxes of Carbon, Water and Nutri-
ents. Tree Physiology 9:1-15. 1.

LONG, N.M. and SMITH, F.W. 1990. Determinants
of Stemwood Production in Pinus contorta var.
latifolia Forests: The Influence of Site Quality and
Stand Structure. J. Appl. Ecol. 27:847-856.

LONG WELL, T.R. and LYNCH, D.L. 1990. Colo-
rado Logging Accidents: 1984-1988. Is it Safe in
the Woods. West. J. of Appl. Forestry. Oct.
5(4): 132-135 .

OMI, P.N. and KALABOKIDIS, K.D. 1991. Fire
Damage on Extensively vs. Intensively Managed
Forest Stands Within the North Fork Fire, 1988.
Northw. Sci. 65:149-157.

WAGNER, J.E. and RIDEOUT, D.B. 1991. Evalu-
ating Forest Mgmt Invest.: The Capital Asset Pric-
ing Model & the Income Growth Model. For. Sci.
37(6):1591-1604.

Professional Papers

BETTERS, D.R. 1991. Opening Address--Agrofor-
estry and Land Mgmt Planning. Proc: 2nd Ann.
Sym. on For. Econ. and Plan., Sept. 30-Oct. 4.
Curitiba, Parana, Brazil.

BETTERS, D.R. 1991. Optimal Control Singular
Path Solutions-Single and Joint Forest Prod.
Problems. Abstr. Paper Pres. at 31st Nat'l Mtg.,
Inst. of Mgmt. Sci. and Oper. Res. Soc. of Am.,
Nashville. 19.

BETTERS, D.R. 1991. Planning Optimal Economic
Strategies for Bracatinga Agroforestry Systems.
Proc: 2nd Ann. Symp. on Forest Econ. and Plan-
ning. Sept. 30 - Oct. 4. Curitiba, Parana, Brazil.

BINKLEY, D. 1991. Connecting Soils with Forest
Productivity. IN: Management and Productivity
of Western Montane Forest Soils. A. Harvey and
L. Neuenschwander (eds.). USDA G.T. Rpt. INT-
280, Ogden. pp. 66-69.

BINKLEY, D. 1991. Ecology of Mixtures of N2-
Fixing and Non-N2-Fixing Tree Species. IN:
Ecology of Mixed Species Stands. M. Cannell
(ed.). Oxford: Blackwell Scientific. pp. 99-123.

BINKLEY, D. and JOHNSON, D. 1991. Pollution
Effects on Southern Pine Forests. IN: Atmos-
pheric Deposition and Nutrient Cycling in For.
Ecosystems. D. Johnson and S. Lindberg (eds.).
New York:Springer-Verlag. Chpt. 15.

GRENDER, J., DELL, T., and REICH, R. 1990.
Theory and Derivation for Weibull Parameter
Probability Weighted Moment Estimators. Res.
Pap. S0-260, New Orleans, LA. USDA For. Svc.,
So. For. Exp. Sta. 19 p.

HERNANDEZ, J.C. and BETTERS, D.R. 1991. In-
put-Output Anal. of the State of Durango. Sarh
Special Publ. No. 5, Durango, DGO, Mex. 19 p.1.

REICH, R., MIELKE, P. and HAWKS WORTH, F.
1990. Appl. of Permutation Tech. in Analyzing
Spatial Patterns. IN: State of the Art Method. of
For. Inven.: Symp. Proc. July 30-Aug. 5, 1989,
Syracuse, NY. G.T. Rpt. PNW-GTR-263. Port-
land, OR.
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REICH, R.M. and ARVANMS, L.G. 1990. Com-
puter Simulation: An Eff. Approach to Teaching
Introductory Sampling. IN: Proc. of 3rd Intl
Conf. on Computers in Ag Ext. Prog., Feb 1990.
Lake Buena Vista, FL.

WE1'7E.L, M. and OMI, P. 1991. Anthropogenic
Fire and Tropical Deforestation: A Literature Per-
spective. IN: Fire and the Environ: Ecol. & Cult
Persp. Proc. of Int'l Symp., Knoxville, March
20-24, 1990. USDA For. Svc. G.T. Rpt. SE-69.

Natural Resource Ecology Lab

Professional Papers

NATIONAL ATMOSPHERIC DEPOSITION
PROGRAM. 1991. NADP Technical Comm.
Mtg.: Abstr. of Papers; Philadelphia, PA; Oct.
7-10.

NATIONAL ATMOSPHERIC DEPOSITION
PROGRAM. 1991. NADP/NTN Annual Data
Summary: Precipitation Chemistry in the United
States; 1990. 475 p.

NATIONAL ATMOSPHERIC DEPOSITION
PROGRAM. 1991. NADP/NTN Site Report: Pre-
cipitation Chemistry Data. Variable.

NATIONAL ATMOSPHERIC DEPOSITION
PROGRAM. 1991. Quality Assurance Report:
Central Analytical Laboratory; 1989. K.O.W.
James, (ed). Nat. Res. Ecol. Lab., Colo. State
Univ., Fort Collins. 87 p.

Range Science

Doctorate of Philosophy

AGUILERA, M.O. 1991. Intraspecific Interactions
in Blue Grama. Colo. State Univ., Fort Collins.

LIU, WENLIN. 1991. Economies of Size and Eco-
nomic Efficiency on Public Land Ranches in
Colorado. Colo. State Univ., Fort Collins. 92p.

MILCHUNAS, D.G. 1991. Effects of Grazing on
Grasslands. Colo. State Univ., Fort Collins.

Masters of Science

LIPPACHER, A.A. 1991. Alfalfa Use by Mule Deer
in Southwestern Colorado and its Potential Nutri-
tional Value. Colo. State Univ., Fort Collins.

PEEPLES, S.S. 1991. Temporal and Spatial Patterns
of Foraging by Cattle. Colo. State Univ., Fort
Collins. 32p.

REMINGTON, K.K. 1991. Bouteloua gracilis and
Buchloe Dactyloides Response to Grazing: A
Weibull Distribution. Colo. State Univ., Fort Col-
lins. 27 p.

VARNAMICHASTI, A.S. 1991. Aboveground Pro-
duction and Rain Use Efficiency Responses to
Long-term Grazing, Defoliation, and Rainfall.
Colo. State Univ., Fort Collins. 83p.

Journal Articles

BIONDINI, M.E., LAUENROTH, W.K., and
SALA, O.E. 1991. Correcting Estimates of Net
Primary Production: Are We Overestimating
Plant Production in Rangelands. J. Range Man-
age. 44:194-198.

BONHAM, C.D. 1991. The State of Range Manage-
ment on Public Lands. Rangelands. 13:239-240.

BONHAM, C.D., COTTRELL, T.R., and
MITCHELL, J.E. 1991. Inferences for Life His-
tory Strategies of Artemisia Tridentata Subspe-
cies. J. Veg. Sci. 2:339-.

BURKE, I.C., KITTEL, T.G.F., LAUENROTH,
W.K., SNOOK, P., and YONKER, C.M. 1991.
Regional Analysis of the Central Great Plains:
Sensitivity to Climate Variation. BioSci. 41:685-
692.

COFFIN, D.P. and LAUENROTH, W.K. 1991. Ef-
fects of Competition on Spatial Distribution of
Roots of Blue Grama Bouteloua gracilis (H.B.K.
Lag. ex Griffiths). J. Range Manage. 44:68-71.

COTTS, N.R., REDENTE, E.F., and SCHILLER, R.
1991. Restoration Methods for Abandoned Roads
at Lower Elevations in Grand Teton National
Park. Arid Soil Research and Rehabilitation.
5:235-249.

DEREGIBUS, V.A. and TRLICA, M.J. 1991. Influ-
ence of Defoliation on Tiller Structure and De-
mography in Two Warm-Season Grasses. Acta
Oecologia 11:693-699.

HOOK, P., BURKE, I.C., and LAUENROTH W.K.
1991. The Effect of Small-scale Heterogeneity on
Nutrient Cycling and Availability in Shortgrass
Steppe. Plant and Soil. 138:247-256.
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HUNT, H., TRLICA, M.J., REDENTE, E.,
MOORE, J., DEMING, J., KITTEL, T., WAL-
TER, D., FOWLER, M., KLEIN, D., and EL-
LIOTT, E. 1991. Simulation Model for the Effects
of Climate Change on Temperate Grassland Eco-
systems. Ecol. Model. 53:205-246.

MCLENDON, T. and REDENTE, E.F. 1990. Sec-
ondary Succession Patterns Following Soil Dis-
turbance in a Sagebrush Steppe Community.
Oecologia 85:293-300.

SCHULZ, T.T. and LEININGER, W.C. 1991. Non-
game Wildlife Communities. IN: Grazed and Un-
grazed Montane Riparian Sites. Great Basin
Natur. 51:286-292.

VOORHEES, M.E., URESK, D.W., and TRLICA,
M.J. 1991. Plant-Substrate Relations on Bentonite
Mine Spoils. J. Range Manage. 44:34-38.

Professional Papers

BARTLETT, E.T. and MITCHELL, J.E. 1991. Re-
search Questions Related to the Conservation Re-
search Program. IN: The Conservation Reserve:
Yesterday, Today, and Tomorrow. L.A. Joyce,
J.E. Mitchell, and M.D. Skold (eds.).

BARTLETT, E.T., CARANDE, V., and RO-
DRIGUEZ, A. 1991. Stochastic Simulation of
Steer Production Under Three Stocking Rates.
Abstr. and Poster 303, IVth Intl. Rangeland Con-
gress, Apr. 22-26, Montpellier, France.

CHEW, M. K. 1991. Bank Balance: Managing Colo-
rado's Riparian Areas. Colo. Coop. Ext. Svc. Bull.
553A. 49 p.

COTTS, N.R. and REDENTE, E.F. 1991. Restora-
tion Techniques for Road Disturbances in Grand
Teton National Park. Proc. of the 1991 Nat'l Mtg.
of the Am. Soc. for Surface Mining and Reclama-
tion. Princeton, WV.

FFOLLIOTT, P.F. and BARTLETT, E.T. 1991. Dry
Forests of North America: Opportunities for Mul-
tiple Resource Management. IN: People and the
Temperate Region. U.S. Man and the Biosphere.
P.F. Ffolliott and W.T. Swank (eds.). US Dept. of
State Publ. No. 9838.

HORN, B.E. 1991. Effect of Rumensin on Yearling
Steer Weights During Summer. IN: Range and
Range-Livestock Research at the Southeast Colo.
Range Res. Ctr:1986-1990. L.R. Rittenhouse
(ed.). Range Sci. S. pp. 55-58.

HORN, B.E. 1991. Impact of Clipping Frequency on
Blue Grama (Bouteloua gracilis) and Sideoats
Grama (Bouteloua curtipendula) Productivity. IN:
Range and Range-Livestock Research at the
Southeast Colorado Range Res. Ctr. pp. 1-18.

HORN, B.E. 1991. Preliminary Observations on
Management Alternatives for Sideoats Grama
(Bouteloua cunipendula) Pastures. IN: Range and
Range-livestock Research at the Southeast Colo-
rado Range Res. Ctr. 1986-1990. pp. 19-29.

HORN, B.E. 1991. Response of Go-back (old-field)
Rangeland to Fertilization. IN: Range and Range-
Livestock Research at the Southeast Colo. Range
Res. Ctr.:1986-1990. L.R. Rittenhouse (ed.).
Range Sci. S. pp. 45-54.

HORN, B.E. 1991. Responses of Warm-Season
Grasses to Clipping. IN: Range and Range-live-
stock Research at the Southeast Colo. Range Res.

Ctr: 1986-1990. L.R. Rittenhouse (ed.). Range

Sci. Series No. 38. pp. 30-44.

REEVES, F.B. and REDENTE, E.F. 1991. The Im-

portance of Mutualism in Succession. IN:

Semiarid Lands and Deserts: Soil Resource and

Reclamation. Skujins, J. (ed.). Marcel Dekker,

Inc. New York, NY. pp. 423-442.

RITTENHOUSE, L.R. 1991. Addition of Yeast

Products to Energy Supplements for Steers Graz-

ing Native Rangeland. IN: Range and Range-

Livestock Research at the Southeast Colo. Range

Res. Ctr:1986-1990. L.R. Rittenhouse (ed.). pp.

64-72.

RITTENHOUSE, L.R. 1991. Spatial Decisions by

Large Ungulates. Abstr. and Poster 294, IVth

Rangeland Congress, Apr. 22-26, Montpellier,

France.

RITTENHOUSE, L.R. and HORN, B.E. 1991. Re-

sponse of Cow-Calf Pairs to Supplemental Zinc

Methionine. IN: Range and Range-Livestock Re-

search at the Southeast Colo. Range Res.

Ctr:1986-1990. L.R. Rittenhouse (al.). pp. 59-63.

Reports to Industry

BARTLETT, E.T. 1991. The Federal Grazing Fee

Debate. Colo. Forestry Assoc. Newsletter.

9(6):14-16.

BARTLETT', E.T. and TAYLOR, R.G. 1991. 1991

Spring Seminar on New Perspectives in Natural

Resource Management. Rpt. to USDA For. Svc.,

Rocky Mtn. Forest and Range Exp. Sta. 71 p.
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College of Natural Sciences

Biochemistry

Doctorate of Philosophy

NEHRA, S.N. 1991. Genetic Stability of Micro-
propagated Strawberries and Agrobacterium-
medited Genetic Transformation. Univ. of
Saskatchewan. 250 p.

Journal Articles

CAUGHEY, B.W., DONG, A., BHAT, K.S.,
ERNST, D., HAYES, S.F. and CAUGHEY, W.S.
1991. Secondary Structure Analysis of the Scra-
pie-Associated Protein PrP 27-30 in Water by
Infrared Spectroscopy. Biochemistry. 30:7672-
7680.

KIRMAIER, C., GAUL, D. DEBEY, R., HOLTEN,
D. and SCHENCK C. 1991. Charge Separation in
a Genetically Engineered Reaction Center Incor-
porating Bacteriochlorophyll Into the Binding
Site of the Photoactive.. Sci. 251:922-927.

LUBY, J.J., HOOVER, E.E., BEDFORD, D.S.,
MUNSON, S.T., GRAY, W.H., WILDUNG,
D.K. and STUSHNOFF, C. 1991. 'Nordic' Red
Raspberry. HortSci. 26:1226-1227.

MCDOWELL, L.M., GAUL, D., KIRMAIER, C.,
HOLTEN, D. and SCHENCK C.C. 1991. Inves-
tigation Into the Source of Electron Transfer
Asymmetry in Bacterial Reaction Centers. Bio-
chemistry. 30:8315-8322.

NEHRA, N.S., STUSHNOFF, C. and ICARTHA,
K.K. 1991. Nuclear DNA Content and Isozyme
Variation in Relation to Morphogenic Potential of
Strawberry (Fragaria X ananassa) callus Cultures.
Can. J. Bot. 69:239-244.

Professional Papers

STUSHNOFF, C. 1990. Amelanchier Species. IN:
Genetic Resources of Fruit Crops, Acta Horticul-
tura 290, The Inel Soc. for Hort. Sci., Wagenin-
gen, The Netherlands, Chpt. 11. pp. 547-566.

Biology

Journal Articles

SHERMAN, J.D. and STACK, S.M. 1991. Tomato
(Lycopersicon esculentum) Synaptonemal Com-

plex Karyotype. Tomato Genetics Cooperative
Rpt. 41:51-52.

STACK, S.M. 1991. Staining Plant Cells with Silver.
II. Chromosome Cores. Genome. 34:900-908.

STACK, S.M., HERICKHOFF, L., SHERMAN, J.
and ANDERSON, L. 1991. Staining Plant Cells
with Silver. I. The Salt-Nylon Technique.
Biotech. Histochem. 1:69-78.

Professional Papers

HERICKHOFF, L. and STACK, S.M. 1991. The
Mechanism of Staining Plant Cells with Silver
Using the Salt-Nylon Technique. Am. J. Bot
78(Suppl.):94-95. (Abstr.).

Reports to Industry

NABORS, M.W. 1991. Progress Report of the Tis-
sue Culture for Crops Project.

Chemistry

Doctorate of Philosophy

MCGUINNESS, S.M. 1991. Acute Toxicity Meas-
urements of Aquatic Pollutants Using Microcalo-
rimetry on Tissue-Cultured Cells. Colo. State
Univ., Fort Collins. 114 p.

MEAD, E.W. 1991. Chemical Investigation of a
Multi-species Plant-insect Biosystem. Colo. State
Univ., Fort Collins.

Journal Articles

HINCKS, J.R., KIM, H.Y., SEGALL, H.J., MOLY-
NEUX, R.J., STERMITZ, F.R., and COU-
LOMBE, R.A.,JR. 1991. DNA Cross-Linking in
Mammalian Cells by Pyrroliziodine Alkaloids:
Structure-Activity Relationships. Toxicol. App.
Pharm. 111:90-98.

MCGUINNESS,S.M. and BARISAS, B.G. 1991.
Acute Toxicity Measurements on Aquatic Pollut-
ants Using Microcalorimetry on Tissue-Cultured
Cells. Environ. Sci. and Technology. 25:1092-
1098.

WILLIAMS, R.M. and ESSLINGER, C.S. 1991.
Synthesis of Tr -Substituted Furans: Mild Ti(IV)-
Mediated Couplings to Acetals. Construction of
the Epoxy Hemi-Amido Ketal of Fusarin C. Tet-
rahedron Lett. 30:3635.
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Professional Papers

BARISAS, B.G. and MCGUINNESS, S.M. 1990.
Acute Toxicity Measurements of Aquatic Pollut-
ants Using Microcalorimetry of Tissue-Cultured
Cells. European Soc. for Biological Calorimetry
7th Ann. Mtg. Bedford, U.K.

College of Veterinary Medicine and
Biomedical Sciences

Microbiology

Journal Articles

AKKINA, R.K. 1991. Pestivirus Bovine Viral Diar-
rhea Virus Polypeptides: Identification of Anew
Precursors Proteins and Alternated Cleavage
Pathways. Virus Research. 19:67-82.

AKICINA, R.K. and RAISCH, K.P. 1990. Intracel-
lular viral Induced Polypeptides of Pestivirus Bor-
der Disease Virus. Virus Research. 16:95-106.

AURIGEMMA, R.E., SIMON, M.C., HAYWARD,
W.S., and SMITH, R.E. 1990. Preparation of a
Detailed Restriction Map of the Avian Leukosis
Virus MAV-2(0). Avian Disease. 34:99-105.

AURIGEMMA, R.E., TORGERSEN, J.L., SMITH,
R.E. 1991. Sequences From Myeloblastosis-As-
sociated Virus MAV-20(0) and UR2AV Involved
in the Formation of Plaques and the Induction of
Osteopetrosis, Anemia and Ataxia. J. Virology,
65:23-30.

JOHN, G.H., CARLSON, J.0., KIMBERLING,
C.V., and ELLIS, R.P. 1990. Polymerase Chain
Reaction Amplification of the Constant and Vari-
able Regions of the Bacteroides nodosus Fimbrial
Gene. J. Clin. Micro. pp. 2456-2561.

ROBERTS, K.L., COLLINS, J.K., BLAIR, C.D.
1991. Detection of BVDV Persistently Infected
Cattle Using Nucleic Acid Hybridization. J. Vet.
Diagnostic Invest. 3(1):10-15.

STENMARK, K.R., ALDASHEV, A., ORTON,
E.C., DURMOWICZ, A.G., BADESCH, D.B.,
PARKS, W.C., VOELKEL, N.F., and REEVES,
J.T. 1991. Cellular Adaption During Chronic Neo-
natal Pulmonary Hypertension. Am. J. Physiol.
26:97-104.

Professional Papers

GARRY, F.B. 1991. Blood Parameter Alterations in
Perinatal Beef Calves. Proc. Am. Coll. Vet. Int.
Med., 9th Mn. Forum. pp. 539-541.

HEALY, V.M., BOYD, G.W., MORTIMER, R.G.
and PIOTROWSKI, J.R. 1991. Investigating the
Optimal Bull-to-female Ratios Required for Es-
trus Synchronized Heifers. J. Ani. Sci. 69(Suppl.
1):571.

KIMBERLING, C.V. and ELLIS, R.P. 1990. Ad-
vances in the Control of Foot Rot in Sheep. Vet
Clin. of North Am.: Food An. Practice. 6(3):671-
681.

ORTON, E.C., HYDE, E., LARUE, S.M., and
STENMARK, K.R. 1990. Vascular Smooth Mus-
cle Cell Growth in Newborn Calves with Pulmo-
nary Hypertension (Abstr). Pediatr. Res. 27:361A.

ORTON, E.C., LARUE, S.M., and ENSLEY, B.
1991. Bromodeoxyuridine Labeling and DNA
Content of Smooth Muscle Cells from Normal and
Pulmonary Hypertensive Calves. FASEB J.
5:A536.

WEISER, M.C.M. and ORTON, E.C. 1991. Stretch.

Induced Vascular Smooth Muscle Proliferation in

Isolated Pulmonary Artery Rings (Abstr.).

FASEB J. 5:A538.

Reports to Industry

CHENEY, J.M. 1991. Internal and External Para-

sites. Integrated Resource Management Proc.: Is-

sues in Beef Cattle Health. p. 51.

GARRY, F.B. and ODDE, K.G. 1991. Calf Scours:

Causes, Treatment and Prevention. Integrated Re-

source Management Proc.: Issues in Beef Cattle

Health. p. 39.

GARRY, F.B., ADAMS, R., ALDRIDGE, B.M.,

HOLLAND, M.D., and ODDE, K.G. 1991. Physi-

ologic Changes Characterizing Successful Adap-

tation to Extrauterine Life in Newborn Beef

Calves. Beef Prog. Rpt, Colo. State Univ. pp.

29-35.

GARRY, F.B., ADAMS, R., ALDRIDGE, B.M.,

HOLLAND, M.D., and ODDE, K.G. 1991. Physi-

ologic Differences Between Twin and Single

Born Beef Calves in the First Two Days of Life.

Beef Prog. Rpt., Colo. State Univ. pp. 3742.
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GLOCK, R.D. and KIMBERLING, C.V. 1991.
Pneumonia: Evaluation, Prevention and Therapy.
IRM Proc.: Issues in Beef Cattle Health. p. 47.

GUTIERREZ, P.H., BOYD, G.W. and HEALY,
V.M. 1991. Integrated Resource Management at
Work: The Case of the San Miguel Basin Heifer
Test. Beef Prog. Rpt, Colo. State Univ. p. 173.

GUTIERREZ, P.H., DALSTED, N.L., SHARP,
R.L. and BOYD, G.W. 1991. Measuring Eco-
nomic Efficiency in Beef Production: Cow/Calf
Break-Even Analysis. Beef Prog. Rpt., Colo. State
Univ. p.1.

IRM Team. 1991. IRM Impact Newsletter. Jan.-Apr.

IRM Team. 1991. IRM Impact Newsletter. May-
Aug.

IRM Team. 1991. IRM Impact Newsletter. Sept.-
Dec.

KL1NKERMAN, D. 1991. Beef Quality Assurance
Program. Integrated Resource Management
Proc.: Issues in Beef Cattle Health. p. 17.

MORRIS, D.L. 1991. Improving Vaccine Utiliza-
tion on the Ranch/Farm. Integrated Resource
Management Proc.: Issues in Beef Cattle Health.
p. 31.

MORTIMER, R.G. 1991. Managing to Prevent
Losses to Infectious Disease. Integrated Resource
Management Proc.: Issues in Beef Cattle Health.
p. 28.

MORTIMER, R.G. and MORRIS, D.L. 1991. Dis-
eases of Infertility and Abortion. Integrated Re-
source Management Proc.: Issues in Beef Cattle
Health. p. 34.

MORTIMER, R.G., BOYD, G.W. and MORRIS,
D.L. 1991. Evaluating the Impact of Body Condi-
tion on Production Parameters in Beef Cows. Vet.
Med.: Food Ani. Prac. p. 1030.

ODDE, K.G. 1991. Costs of Disease in Colorado
Cow-Calf Operations. Integrated Resource Man-
agement Proc.: Issues in Beef Cattle Health. p. 23.

SMITH, G. C. 1991. Beef Safety Issues. Integrated
Resource Management Proc.: Issues in Beef Cat-
tle Health. p. 6.

Physiology

Doctorate of Philosophy

WIEPZ, G.J. 1991. Cellular Mechanisms Protecting
the Corpus Luteum During Maternal Recognition
of Pregnancy in the Ewe. Colo. State Univ., Fort
Collins.

Journal Articles

CARNEY, N.J., SQUIRES, E.L., COOK, V.M.
SEIDEL, JR., G.E., JASKO, D.J. 1991. Compari-
son of Pregnancy Rates from Transfer of Fresh
versus Cooled, Transported Equine Embryos. Th-
eriogenol. 36:23-32.

DIGREGORIO, G.B., KILE, J.P., HERRING, R.H.,
and NETT, T.M. 1991. Pituitary Content of FSH
is Restored More Rapidly than that of LH After
Depletion by Oestradio1-17B. J. Reprod. Fert.
93:347-354.

GREGG, D.W., SCHWALL, R.H., and NETT, T.M.
1991. Regulation of Gonadotropin Secretion and
Number of Gonadotropin-releasing Hormone Re-
ceptors by Inhibin, Activin-A and Estradiol. Biol.
Reprod. 44:725-732.

HERRING, R.D., HAMERNIK, D.L., KILE, J.P.,
SOUSA, M.E., and NETT, T.M. 1991. Chronic
Administration of Estradiol Produces a Triphasic
Effect on Serum Concentrations of Gonadotropins
and .... Biol. Reprod. 45:151-156.

IVANI, K.A., and SEIDEL, JR., G.E. 1991. At Least
Half of Capacitated, Motile Mouse Sperm can
Fertilize Zona-free Mouse Oocytes. J. Exp. Zool.
260:406-412.

KERI, R., ANDERSEN, B., KENNEDY, G.,
HAMERNIK, D., CLAY, C., BRACE, A., NETT,
T., NOTIDES, A. and NILSON, J. 1991. Estradiol
Inhibits Transcription of the Human Glycoprotein
Hormone Subunit Gene .... Mol. Endocrin. 5:725-
733.

SEIDEL, JR., G.E. 1991. Embryo Transfer: The
Next 100 Years. Theriogenol. 35:171-180.

Professional Papers

KILE, J.P., HAWKINS, D.E., ALLEN, M.C. and
NETT, T.M. 1991. Secretion of Follicle-stimulat-
ing Hormone (FSH) is not Stimulated by Intracel-
lular Calcium. Biol. Reprod. 44(Suppl. 1):149
(Abstr. 387).
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SAYER, H.R., WIEPZ, G.J., MOELLER, C.L.,
NETT, T.M., and NISWENDER, G.D. 1991. Fail-
ure of Hypophysectomized Ewes to Ovulate in
Response to Exogenous Gonadotropins. 3rd Inel
Ruminant Reprod. Symp. J. Reprod. Fert. Suppl.
43 306A.

W1EPZ, G.J., WILTBANK, M.C., NISWENDER,
G.D., and SAWYER, H.R. 1991. Characterization
of Prostaglandin (PG)E2 and PGF2 Receptors in
Ovine Corpora Lutea During Maternal Recogni-
tion of Pregnancy. Biol. Reprod. 44:157A.

WILTBANK, M.C., DISIGN, M.G. and NISWEN-
DER, G.D. 1991. Differential Actions of Second
Messenger Systems in the Corpus Luteum. Repro-
duction in Domestic Ruminants, Vol. 3. B. J. Weir
(ed.), J. Reprod. Fertil. Ltd. Cambridge, UK. pp.
65075.

ZALESKY, D.D., NETT, T.M., and GROTJAN,
H.E. 1991. Isoform of LH in Pituitaries of Ewes
During Selected Reproductive States. J. AM. Sci.
69(Suppl. 1):401 (Abstr. 508).
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1992 Field Day Schedule

March 28 - Colorado State Bull Sale, Fort
Collins.

April 13 - Colorado State University Beef
Improvement Center Bull Sale,
Encampment, WY. 9:00 a.m. -
Inspection of bulls; 12:30 p.m. - sale
of bulls.

April 20 - Four Corners All Breed Bull
Sale, San Juan Basin Research Center,
Hesperus. 12:00 noon.

May 19- Eastern Colorado Research
Center Field Day, Akron.

June 16 - Joint Mountain Meadow
Research Center/Soil Conservation
Service "Mini-Field Day". Topic:
"Integrated Mountain Meadow
Improvement"; 12:00 noon - 3:30 p.m.
- Tour to Snowmass, CO. Meet at the
USDA-SCS office in Glenwood
Springs. RSVP SCS office or
Mountain Meadow Research Center.

July 8 - Colorado State University Beef
Improvement Center Field Day,
Encampment, WY. 10:00 a.m. - 3:00
p.m.

July 16 - Rogers Mesa Research Center,
Hotchkiss. 9:00 a.m. - 3:00 p.m. In
cooperation with the Western
Colorado Horticultural Society. Will
cover current research including a
newly planted, high-density,
microsprinkler-irrigated, systems trial;
peach and apple rootstock plantings;
apple variety plantings; hyper-density
'Golden Delicious' planting; deer
impact study; and several apple fruit
sunburn studies.

July 17-18 - Composite Cattle Breeders
Conference, San Juan Basin Research
Center, Hesperus.

July 24 - Mountain Meadow Research
Center Field Day; Joint with cities of
Aurora, Thornton and Denver. Topic:
"South Park Meadows: before,
during, and after transfer of water
rights." 8 a.m. - Meet across U.S. 285
from The Jefferson Store, Jefferson,
CO. Bring lunch and waterproof
boots. Tour returns to Jefferson at
4:00 p.m. RSVP required.

July 24 - Horticulture Research Center,
Fort Collins (near Anheuser Busch,
off 1-25 and Mountain Vista Drive);
8:00 a.m. - 4:00 p.m. Review of
turfgrass and landscape horticulture
research projects. Call (303)
491-7018 for registration and
information.

July 28 - San Luis Valley Research Center,
Center. 8:30 a.m. - Registration; 9:00
a.m. - 4:00 p.m.: Potato disease
research, potato growth analysis,
potato breeding and selection, small
grain trials, and new crops research.
Lunch served courtesy of local
businesses.

September 3 - Plainsman Research Center
Field Day, Walsh. 11:00 a.m. -
Dryland no-till rotations (6 mi. south
of Walsh, 4 mi. east, 1.5 mi. south);
12:00- lunch at Plainsman Farm (4
mi. north of Walsh, 1.5 mi. west, 0.5
south); 1:00 p.m. - Plainsman Farm
Field tour of alternative crops; row
spacing in gain sorghum; sorghum
variety trials; limited irrigation on
corn & sorghum; dryland corn; early
maturing corn under LEPA-equipped
sprinlder.

September 10 - Arkansas Valley Research
Center, Rocky Ford. 3:30 p.m. - Crop
and Pest Management.
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