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o pont  of Alaska-Fairbanks. It marks 80 years of service
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% Alaska and the Hatch Centennial

=
The year 1986 is a historic one for the Agricul-
tural and Forestry Experiment Station, University

by the station to the citizens of Alaska.

Early in the history of Fairbanks the local people appealed
to the U.S. Department of Agriculture to provide an agricultural
experiment station nearby. In response, a federal station was
established four and one-half miles northwest of Fairbanks
in 19086. In addition, the Department of Agriculture established
an experiment station near Palmer in 1915. In 1931, these
facilities were transferred to Alaska's Land Grant institution,
the Alaska Agricultural College and School of Mines, which
opened in 1922 on a site adjacent to the agricultural experi-
ment station near Fairbanks. In 1935, this institution became
the University of Alaska.

Today the original federal experiment stations near Fair-
banks and Palmer are research farms of the Agricultural and
Forestry Experiment Station, School of Agriculture and Land
Resources Management, University of Alaska-Fairbanks. This
organization within Alaska's Land-Grant university stems from
the Hatch Act of 1887 which authorized payments on a formula basis to each state that established
an agricultural experiment station within its Land-Grant college. Each station was to engage in sys-
tematic scientific study of problems relating to agriculture within the state. In subsequent acts, Con-
gress extended the Hatch Act to Alaska. Thus, along with its counterparts in other states, the Alaska
Agricultural and Forestry Experiment Station is part of an integrated network of agricultural research
in the United States. On page 4 of this issue of Agroborealis, Dr. Alvin L. Young of the Office of
Science and Technology Policy outlines the importance of the Agricultural Experiment Station System
in meeting the challenges of the future.

In 1987 the Agricultural and Forestry Experiment Station at the University of Alaska-Fairbanks will
join with other state agricultural experiment stations in commemorating 100 years of agricultural re-
search by the national system of state agricultural experiment stations. The Hatch Act Centennial
itself will be Initiated on March 2, 1987, in Washington, D.C. and will include an exhibition of agricultural
research at the Smithsonian Institution. State agricuftural experiment stations have an excellent record
of helping American agriculture meet the food and fiber needs of our nation and many other parts
of the world. Research at these stations has helped farmers, foresters, and other land managers
solve problems related to pests, diseases, climate, weather, and shifting market conditions. In our
complex society, such continuing challenges constitute a mandate for a strong state agricultural
research system and demonstrate why this system is essential for our nation.

Nationally, the Experiment Station Committee on Organization and Policy has endorsed the design
shown above as the official logo for the Hatch Centennial. The Alaska Agricultural and Forestry Ex-
periment Station is proud to join in the centennial celebration of our nationwide system of agricultural

research.
2& i C/ % ;: o/

James V. Drew
Dean, School of Agriculture and Land Resources Management
Director, Agricultural and Forestry Experiment Station
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Federal Support of Agricultural Research—
A White House Perspective

Alvin L. Young, Ph.D."

My grandfather was a wheat farmer in eastern Colorado,
What God-forsaken land in which to raise a family of five
girls and one boy. But grandfather was proud to be not just
a wheal farmer but an innovative farmer. In 1909 he went
an horseback to Duluth, Minnesota, (no easy trip in those
days) just to purchase a newfangled "Automobile.” In his
1909 Holsman he returned to Colorado.
His automobile was a star attraction in
his community—and with confidence in
that new technology, he pursued design
and construction of one of the first "' Self-
Powered"” harvesting machines. By
1925, Grandfather ran harvest crews
and machines that moved with the
season from Texas to Canada. In his
community, he was the first to employ
new techniques and products. During
his days as a farmer he forged crop rota-
tion schemas for the neighbors and was
the first to try rock fertilizers. He kept on
his desk the current issues of the Sears
and Wards catalogues, and it was a
delight for him to see the changes that
were occurring in his society.

When my grandtather was 80 | was just a young boy, but
| shall never farget that '‘Big Norweigen" teaching me about
raising chickens and how to take care of the property on
his remaining homestead, Prior 1o his death at age 93 in
1963, he shared with me some reflections on his life. He
was proud to say that in his lifetime he saw the advent of
the automobile, the airplane, the harnessing of the atom,
and men walking on the moon. He was proud that | was
an Agricultural Scientist, and that | would follow him and
meet the challenges of a new day.

*Senior Policy Analyst for Life Sciences, Office of Science
and Technology Policy, Executive Office of the President,
Washington, D.C. 20506.
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Dr. Alvin L. Young

Now agricultural science is on the verge of a new step
in harnessing and using our knowledge for the betterment
of mankind, The methods and products of biotechnology
will change the face of our lands and the very fibers of aur
society. We In agriculture do not follow—we lead. On us
rest the responsibilities of using this new knowledge to help
feed, clothe, and provide shelter for new
generations of mankind.

How is it, you may ask, that we have
advanced so far in our research pro-
grams while scientists in other countries
still struggle to bring their nations to
levels of self-sufficiency? The answers
lie in our recognition of the value of in-
novation, competitiveness, and vision,
Given tools and the oppoartunities to
learn, from our minds will come in-
novative ideas.

Our American farmers account for
less than three-tanths of one percent of
all the farmers in the world. Yet today,
each American farmworker produces
enough food and fiber for himself and
75 others, more than one-third of whom
live in some other part of the world. Clearly the U.S. farmer
is the backbone of our agricultural industry, but much of
the credit for making this industry the mast productive in
the world must go the the agricultural programs of our land-
grant universities. These universities, through their
research and education programs, provide the knowledge
for progress.

Before the establishment of the land-grant system, there
was nothing uniquely American about higher education on
this continent, even though we have had higher education
institutions since the 1630s. The University of Georgia was
the first state-chartered institution of higher learning, and
the University of Virginia was the first tax-supported col-
legiate institution in America. But when the doors of the
University of Virginia opened under the leadership of Presi-



dent Thomas Jetferson in 1824, there was nothing special
about the curricula nor the structure of the university that
made it any differant from most of the universities of
Europe. However, things were soon to change.

It was in 1862 that Justin Morrill's “Land-Grant Act'” was
signed into law (the same year the U.S. Department of
Agriculture was established). Twenty-five years |ater, an in-
genious approach to research was established, specifical-
ly, our State Agricultural Experiment Station System with
stations in every state and territory, characterized by decen-
tralized management, shared funding, and the practical ap-
plication of scientific principles. It is refreshing to see that
the concepts upon which this system was established near-
ly a century ago seem to be even more appropriate as we
approach the second century.

A quarter of a century after the establishment of the Ex-
periment Station System, a parallel program was estab-
lished for Cooperative Extension, a system dedicated to
assembling and disseminating the newest knowledge in a
usable form to the farmers and ranchers of America. My
own family as well as our contemporaries have benefited
over the decades. The research community has had
numerous other programs, including the Mclintire-Stennis
program for forestry research, the Evans-Allen program for
the Colleges of 1890 and Tuskegee Institute, animal health
research, marketing research, and research on en-
vironmental concerns. All of these were coupled through
the land-grant system to the teaching programs of those
institutions.

In 1898 an Agricultural Experiment Station was estab-
lished at Sitka in the Territory of Alaska with the respon-
sibilities of supporting resource management activities. In
1985, the Alaska Agricultural Experiment Station became
one of only three in the nation to include the responsibiiities
for forestry, thus becoming the Agricultural and Forestry
Experiment Station.

During 1984 and 1985, in meeting my responsibility as
the Agricultural Research Advisor to Dr. Jay Keyworth, the
President's Science Advisor, | have visited many of our
Land-Grant Institutions and our Federal Agricultural
Laboratories. Doom and gloom have not been what | have
seen. Indeed, what | have seen Is the intense Interest and
enthusiasm of young men and women learning to use the
tools of biotechnology. Clearly, technological changes are
occurring at incredible speed. | have noticed how quickly
the new generation has become computer oriented. Indeed,
computerized information systems are creating a revolu-
tion in the dissemination of research results and the
markeling of farm products. Yet, the most critical challenge
at these institutions must be the development of our na-
tion's human resources—aur young men and women. Their
shoulders will carry the burdens of our mistakes and the
glories of our successes.

There is no doubt that the agricultural scientific communi-
ty must attract and train the men and woman whose skills
will be needed in such areas as molecular genetics, sys-
tems analysis, engineering, plant sciences, international
marketing, animal health, and human nutrition. For our

farms to improve their efficiency and for our nation to com-

pete successiully in the global marketplace, we will depend

on the laboratory, the research stations, and the classrooms
to develop and disseminate the most valuable of all tools—
knowledge.

For these changes to occur, however, the transition that
the scientific community must undergo will take more than
ability and hard work. It will take a heavy financial commit-
ment and a proper environment to encourage innovation,
competitiveness, and visien. This means a recommitment
of Federal and State funding for research. This is especially
true for the situation now facing plant and animal sciences.
Two decades of minimal Federal, State, and industrial sup-
port for these sciences has left this nation an infrastruc-
ture inadequately prepared to capitalize on the recent ad-
vances made in modern blology. The fact is that minimal
Federal support for reésearch has confributed to:

e An economic plight of agricultural enterprises dependent
upon such natural resources as our rangelands and
forests.

* Environmental concerns arising from real and perceived
perturbations to rangelands and forests.

= A decline in size and quality of our professional scien-
tific cadre.

* A decline in student enroliment,

As with other areas agricultural research, we are, as the
economist would say, “spending the principal at a faster
pace than the interest Is accruing.”

New knowledge has to be discovered. New technologies
need to be deveioped and perfected. New generations of
scientists, engineers, technicians, and managers have to
be educated. For decades now, the nation's rasearch and
educational establishments have been pressured to create
a constantly increasing base of scientific knowledge,
technological innovations, and well-qualified manpower.
Pressures have been strong, and successes have been
notable. But the wellspring of fundamental knowledge from
which new management systems must be derived is no
longer adequate to assura continuing success. If the quality
of natural resource management is to continue to improve,
the present slate of theory and understanding of complex
systems mus! be advanced.

| could go on with numerous examples which would il-
lustrate that we are in the midst of a scientific and techno-
logical revolution which is unmatched in history. We are
now collecting dividends on the investments we made in
basic research after World War Il. The encouraging con-
clusion is that this revolution is one that we created and
it Is one we ought to be able to sustain.

Some people seem to see only the danger In technologi-
cal change and allow this fear to play into the hands of peo-
ple who have ather motives. They then use the fear to slow
or stop progress. We of course would not advocate pushing
the frontiers blindly or throwing caution to the wind. In fact,
this is one of the reasons to make sure that groups of re-
searchers are interdisciplinary; that they consider the ethi-

. + . Continued on page 7
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Notice of Release of ‘Nortran’ Tufted Hairgrass

By

William W. Mitchell®

The Agricultural and Forestry Experiment Station, Univer-
sity of Alaska-Fairbanks, announces the release of 'Nor-
tran’, a cultivar of Wufted hairgrass [Deschampsia caespitosa
(L.) Beauv.]. The new variety is recommended for revegeta-
tion use, for low-maintenance ground cover, and, under
some circumstances, for forage or pasture use at northem
latitudes. Nortran is believed to be the first cultivar
developed of this species of grass; however, ‘Norcoast’,
a cultivar of the closely related species Bering hairgrass
(D. beringensis Hultén), was previously released by this ex-
periment station.

Nartran Is tufted grass with most of its leaves produced
in a basal clump. Flowering culms are numerous and have
relatively long, diffuse Inflorescences. Nartran tufted
hairgrass tends to have shorter, narrower leaves that are
darker green than those of Norcoast Bering hairgrass. In-
florescences of Norcoast are straw colored, whereas those
of Nortran are more variable but often are bronze lo
gunmetal in color and generally are shorter, as are the
spikelet parts. Inflorescences of Nortran are produced erect
above the leaves, thus seed harvest is readily accomplished
with a combine. Seed production of 150 to over 200 Ibs per
acre (170 to over 225 kg/ha) can be expected.

Tufted hairgrass is distributed widely through circumpolar
regions; it occurs from the north coast of Alaska southward
through the Rocky Mountains of the western states. In
Alaska, tufted hairgrass is mostly an inland grass while Ber-
ing hairgrass is restricted to the coastal areas and islands
of the western o southeastern portions.

Nortran tufted hairgrass is based on indigenous plant col-
lections made in Alaska and Iceland. Breeding material for
Nartran is a composite of four components: IAS 238 de-
rived from a collection at Galena on the Yukon River, IAS
458 derived from a collection In the Talkeetna mountain
range north of Palmer, and IAS 371 and IAS 284 derived
from collections made in Iceland. Each component is seed-
propagated in isolation, and the breeder material com-
posited of amounts of pure, live seed equalling 30 percent
of IAS 371, 20 percent of IAS 284, and 25 percent of each
of the other two components.

The components have been tested in revegetation trials
on coal spoil materials at stripmine locations in central in-
terior and southcentral Alaska and in forage trials at various
locations in southcentral Alaska and interior Alaska. One

* Professor of Agronomy, University of Alaska-Fairbanks.
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The tufted nature and abundant heading characteristic of plants
of ‘Nortran' tufted hairgrass are evident here. The twa plants pic-
fured above are parents to one of the componants in the breeding
material of Nortran. Trials with the components of Nertran have
shown adaptations for revegelation and ground cover uses and
possibly for forage purpcses in some situations.

of the components has been tested in turf grass trials at
the Palmer Research Center.

These tests demonstrate possible revegetation uses for
Nortran from low elevation to alpine situations through the
southcentral to central interior portions of Alaska. its ap-
plications in the more northern to Arctic regions of Alaska
are not well defined and may be marginal, particularly in
the Arctic, The cultivar can tolerate strongly acidic soils and
appears resistant to rusts and snow molds that may affect
cultivars of Kentucky bluegrass and red fescue. Nortran has
the abllity to reseed itself on disturbed sites. Iis short, but
persistent, growth under a low-fertility regime suggests a
possible use for Nortran as a low-maintenance ground
cover.

in forage trials under a two-harvest system on acidic soils,
Nortran components generally have not equalled the first-
harvest yields of timothy but have provided better regrowth
and sometimes more total production. The single compo-
nent entered in turf trials has shown excellent persistence
under frequent mowing, These trials suggest an adaptablilty
to grazing use. Trials have not been conducted, however,
on ts acceptance by animals. The species is grazed In the
Rocky Mountains and in lceland, where it also is cut for
forage; it may be utilized elsewhere, as well,



A small amount of breeder seed currently is available for
increase. Seed classes of Nortran are limited to: breeders,
foundation, and certified. Breeder seed is maintained under
the supervision of the Alaska Agricultural and Forestry Ex-
periment Station. Increase of breeder and foundation seed
is administered through the Alaska Seed Growers, Inc., 533
E. Fireweed, Palmer, AK 99645,
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A White House Perspective, continued . . .

cal and environmental consequences of research as they
proceed and produce outcomes which have built-in safety
nets. What we fear is that the adversary system of recent
years will otherwise rear its head, and that we as a nation
will be forced to make decisions based upon oratory and
legal maneuvers rather than upon logic. Many of us belleve
that such use of fear, for whatever purpose, could cause our
nation not to take advantage of the tremendous technologi-
cal strength we have.

QOur aim, in the office of Science and Technology Policy,
then, is to support initiatives which manage change well,
which catalyze opportunity so that it in turn has maximum
likelihood to contribute long-term economic growth.

In state governments we are witnessing an investment
in economic growth that is coupled with a re-emergence
of interest in quality education, Nearly every time a legislator
talks, he points to Route 128 in Boston, or to Silicon Valley
in California, or to the Research Triangle in North Carolina
as proof of how economic development is tightly coupled
to quality higher educalion.

And students are baginning once again to return to the
fields of science and technology. They can see the future
and, since the media are no longer referring to them as the
“me" generation, it can't be simply for selfish reasons.

We are also seeing industry support for the concept of
research in universities even with some of thelr precious
operating dollars. Almost all business is recognizing the
need to have long-range research of the highest quality go-
ing on in universities, not for the trained students (and | use
that word carefully), but for the educated students they pro-
duce and for the free environment which allows research
1o proceed whers it will, And finally industry has understood
that it cannot gain for long if it simply hires away the facul-
ty for its own (usually short-range) programs. Industry
recognizes how important the university technical base is
to its future and how it is trying sirengthen the research
capability on campuses and to share its perspectives on
important areas of research.

The challenges confronting us in Agricultural Research
are great. But challenges to us are opportunities! Rather
than painting a negative picture, | chose to paint for you
a positive view. |'m positive because | see among you
leaders who meet challenges. Alaska is a land of challenges
and most of you would nol be here today if you were not
prepared to face those challenges. You folks are bridge
bullders—individuals who respond not to the needs of the
scientific community but to the needs of your state and our
nation.

Let me end by telling you what Mr. Will Dromgoole
describes as ''The Bridge Builder."

An old man going a lone highway

Came at evening cold and gray

To a chasm vast and deep and wide

The old man crossed in the twlilight dim,
The sullen stream had no fears for him
But he tumed when safe on the other side
And built a bridge 1o span the tide.

"'Old man," said a fellow pilgrim near.

"“You are wasting your time with building here
You never again will pass this way —

Your journey will end with the closing day.
You have crossed the chasm deep and wide
Why build you this bridge at eventide?"

The builder lifted his old gray head.

"Goed friend, in the way that I've come," he said,
“There followeth atter me today

A youth whose feet must pass this way

This stream that has been naught to me,

To the fair-haired youth might a pitfall be.

He, too, must cross in the twilight dim;

Good friend, I'm building the bridge for him."’

Editor's note: The foragoing is the text of an address delivered on
November 22, 1986, at the Eighth Annual Alaska Agricultural Sym-
posium, held at Fairbanks, Alaska.
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A new $2.2 million research laboratory has been com-
pleted and is operating at the Matanuska Research Farm
near Palmer. The 12,800-square-foot facility was completed
in July 1985 and replaces the obsolete iab facilities at the
Palmer Research Center.

The lab analyzes soil, plant tissue, milk, animal feed,
water, waste oil, and wlldlife fecal samples. The lab pro-
vides analytical services to over fifty university research pro-
jects and state, Federal, and private consulting and min-
ing companies as well as out-of-state interests. In addition,
services are provided for Cooperative Extension Service
soil- and feed-testing programs. There were 17,000 sail and
plant tissue samples analyzed in FY 1986, with more than
75,000 total determinations. AFES cooperales with the
Northcentral L.ab Committee and Western Regional Soil
Survey Committee to calibrate and modify procedures and
lo ensure quality. The facility provides for horticultural and
plant pathology lab work as well. The operation provides
for the consclidation of the station’s expensive laboratory
analytical work in one area in order to help mitigate the cost
and operation of expensive, up-lo-date procedures.

Lee Allen, associate professor of agricultural engineer-
ing, retired from the Agricultural and Forestry Experiment
Station, Palmer Research Center, on January 31, 1986,
after thirty years of service. Professor Allen has an
agricultural engineering degree from Montana State Univer-
sity. He was active in gathering Alaska weather data and
relating observed weather parameters to plant development
and guality; evaluating energy-efficient structures and in-

8 Agroborealis

AFES Notes

vestigating renewable energy sources and their application
to Alaska's high latitude agriculture through the use of
plastics, solar ventilators and heat sinks; and handling
agricultural engineering problems including low-cost grain
drying. wood treatment, building ventilation, and land-
clearing methods.

Two long-time employees from the Palmer Research
Center support staff have retired since the last publication
of Agroborealis. Bud Patton, agricultural supervisor for
plant breeder Roscoe Taylor, began working for AFES at
Palmer in 1959 and retired October 1985. Mr. Patton built
up a remate homestead across the Little Susitna River while
working at the siation, His support to agricultural research
provided a significant contribution to the many varieties of
grains and grasses that have been developed at the Palmer
Ressarch Center during his twenty-six years of employ-
ment.

Glenn Smith, laboratory technician, retired September
1985 after 18 years of service to the Palmer Research
Center. He provided a substantial contribution to agricul-
tural research and service to agriculture by operating the
old lab in downtown Palmer. Most of his service was work-
ing with Winston Laughlin, soil sclentist with the
Agricultural Research Service, who retired recently after
thirty-five years of service.

. . . Continued on page 30



Use of a Plant Growth Regulator
On Barley to Prevent Lodging

By

Ann J. Rippy" and Frank J. Wooding**

Introduction

Resistance to lodging, or the capacity of stems to with-
stand the adverse effects of rain and wind, is a desirable
characteristic in grain crops. Lodging can reduce yields by
restricting translocation of nutrients from leaves and stems
o developing grain heads. Yields may also be lowered by
the loss of grain In the field due to failure of harvesting
machines to pick up low-lying grain heads. Lodged grain
dries more slowly in the field, which in turn, delays harvest
operations, increases after-harvest drying costs, and, in
some cases, may result in lower-quality grain (Pinthus
1973).

Very early-maturing varieties are essential for successful
barley production in northern latitudes. Lodging is a con-
sistent problem with these varieties, particularly when try-
ing to achieve high yields. Thus far, breeding programs
have been unable to incorporate stiff-strawed charac-
teristics with early maturity.

Ethephon, sold under the trade name Cerone®, is a plant
growth regulator which can effectively reduce plant height
and increase stem diameter.! Reduced plant height and
increased diameter can increase straw strength and pre-
vent lodging in barley (Wooley 1880). Cerane shartens the
last Internodes of the stem, particularly the one just below
the grain head (Squires et al. 1980). The chemical breaks
down inside plant tissue to form the natural plant hormone
ethylene, which reduces cell division and cell elongation
(Warner and Leopold 1968), Cerone is applied between the
time tha flag leaf is first visible and the swollen boot stage.

This product is manufactured by Union Carbide and has been
used in Europe for several years.

"Graduate research assistant, Agricultural and Forestry Ex-
periment Station, Fairbanks. Currently with the USDA Soll
Consarvation Service, Fairbanks.

* *Professor of Agronomy, Agricultural and Forestry Experi-
ment Station, Fairbanks.

Preliminary investigations with Cerone were conducted
at the Fairbanks Research Center of the Alaska Agricultural
and Forestry Experiment Station during the summer of
1984. In these studies, the effectiveness of this chemical
as an antilodging agent for barley was tested when applied
at different rates and at different stages of growth, The
studies were conductad on a Tanana soil under dryland
conditions. 'Otra’ barley was selected as the test variety
as it is prone o lodging. All treatments received uniform,
high applications of fertilizer.

Rate of Cerone Application

Barley was subjected to spray applications of Cerone dur-
ing the early boot stage of growth. At this stage of growth,
the flag leaf is emerging and the immature grain head is
located in the lower partion of the stem and is not visible
unless the stem is tom apart. The chemical was applied
at rates of 0,0, 0.5, 1.0, 1.5, 2.0, and 4.0 pints per acre.
The manufacturer recommends 1.0 pint per acre.

Grain yields, lodging estimates, and plant heights for the
Cerone treatments are presented in Table 1. The control
treatment, receiving no Cerone, lodged severely. For this
study, Cerone rates of 1.5 pints per acre or higher effec-
tively controlled lodging. Lower rates of application reduced,

Table 1. The effect of Cerone rate on grain yield, lodging, and

plant height of "Otra’ barley.

Cerone Rate Graln Yield! l.odging* Plant Height!
(pintsiacre) (bufacre) (%) (Inches)
0 102.1 701 413
0.5 121.82 38.82 38.52
10 11532 30.12 35.32
155 1065 502 33.52
2.0 100.0 5,04 33.32
4.0 99.5 3.82 31.82

'Each number |s tha mean of four replications of that treatment.
ndicates significant difference from the control at = = .10,
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Cerone

no Cerone

Figure 1. Barley plants which received a follar applcation of Cerone remain upright from the beginning of ripening (upper left) to fully
ripe (upper right). Barley plants which received no Cerone are starting to lean during the early ripening growth stage (lower left) and
are seversly lodged by the time ripening Is complete (lower right).
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but did not prevent, lodging. However, it was the two lower
rates of Cerone that resulted In higher grain yields. The 0.5
and 1.0-pint rates produced grain yields that were 19.3 and
12.9 parcent greater than the control treatment, respective-
ly. Cerone rates of 1.5 pints per acre or greater had no
noticeable effect on yield,

The reduced lodging resuiting from use of this chemical
is primarily due to increased stem diameter and decreased
stem height (Wooley 1980). Figure 1 lllustrates the relative
plant height reduction and control of lodging which can
result from Cerone application. Application rates of 0.5, 1.0,
and 1.5 pints per acre resulted in height reductions of 6.7,
14.5, and 18.8 percent, respectively. Cerone rates greater
than 1.5 pints per acre had little additional effect on plant
height.

Time of Cerone Application
Cerone was foliar applied at growth stages 5, 7, 9, 10,

and 10,1 ol the Large-Feekes scale illustrated in Figure 2.
The manufacturer recommends application of Cerone be-

Heading——»| Ripening
Blagm 11
f Stem gxtanglof——— Stage 106
Flowaring ﬂ
Stage 101 g !\
l‘ :
Slage 10 ™
Slsga 9 In ?:l-ant :ﬁ
Ligule ol
las! ieat
Tillaring - Staga B U8l visibls
Last leal
just visible
I Blage T
Socond
node T
Stage §  visible
S1age § |First node
Stage 4 Lenl ol slem
Leal shealhs visibiln
Stage 3  sheaths strongly '
Slage 2 Tillars  slrengthen erected
Stage 1 Tilleting  lermed
F One shoal  beging

tween growth stages 8 and 10, Cerone was applied at the
manufacturer's recommended rate of 1 pint per acre. The
control treatment received no Cerone. Grain yields, percent
lodging, and plant heights for each stage are listed in Table
2

Cerone applied at the two earliest growth stages (stages
5 and 7) resulted in the highest grain yields, even though

Table 2. The effect of Cerone applied at different growth
stages on grain yield, lodging, and plant height of ‘Otra’
barley.

Growth Stags
[Lerge-Feekes Grain Yiekd' Lodging* Plant Height!
scalg) (buw/acra) (34%) (inohes)
Control 103.9 60.0 408
5 111.2 70.0 40.5
& 1120 550 38.07
9 108.5 40.0 36.52
10 105.4 35.0 38.52
10.1 108.8 32.52 37.62

'Each number is the mean ol four replicatlons for that reatment.
?Indicates signiflcant differance from Ihe control at = = 10,

Figurae 2. Growth Stages of barley from seedliing emergence fo maturation (referred (o as the Large-Feekes scale). The arrows show
the location of the growing point of inflorescence in stages 6 fo 10, [From Growth Stages in Cereals by £ C. Large. 1354, IN: Plan! Pathology
3:128-129. Redrawn with permission of Her Britannic Majesty's Stationery Office and the publishers of Plant Pathology].

Vol. 18, No. 1, 1986 11



application at that time had only a slight effect an lodging
and plant height. It should be noted that test plots were
harvested by hand. In field situations, it is probable that the
increased yields at stages 5 and 7 would be lost due to pro-
blems in harvesting lodged grain.

Lodging was effectively reduced when Cerone was ap-
plied at growth stage 9 or later, Application at stages 9, 10,
and 10.1 resulted in lodging reductions of 20, 25, and 27.5
parcent, respectively.

Results are Promising but
More Research is Needed

Results from this investigation indicate that Cerone may
provide substantial benefits for barley growers in Alaska,
However, additional information is needed to more clearly
define the benefits and limitations of this product. This
research was performed on only one barley variety at only
one location and does not account for yearly variations in
weather. Results for 1985 field trials indicated that weather
may influence the effectiveness of Cerone. Specifically,
cool, wet weather at the time of application may drastically
reduce the respanse of barley to Cerane.

Additional studies should be conducted to determine the
effects of Cerone on different types and varieties of barley
recommended for Alaska. There is also a need to deter-

12  Agroborealis

mine the effects of irrigation and increasing levels of fer-
tilization on the amount of Cerone needed to control lodg-
ing. The economics of using this product should also be
examined. If Cerone can increase yields by allowing higher
levels of irrigation and fertilization without increasing the
risk of lodging, will the financial returns outweigh the addi-
tional expense? These questions are currently under in-
vestigation at the Agricultural and Forestry Experiment
Station.[]]
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Natural Selection May Modify
Introduced White Clover
Toward Superior Winterhardiness

By

Leslie J. Klebesadel®

The valuable contribution of legume forages to livestock
production has been recognized since ancient times; this
recognition and the widespread use of legumes continues
throughout the world today. Forage legumes are valued for
their good palatability and high nutritional valua. The nutri-
tional excellence of legumes derives in part from their ability
to capture atmaspheric nitrogen with the assistance of
beneficial symbiotic bacteria (Klebesadel 1878). The
nitrogen thus incorporated into legume plant tissues con-
tributes to the high protein concentrations in legume her-
bage. Not only do legumes benefit directly from this vital
capture of nitrogen, but roots of grasses growing in associa-
tion with nitrogen-fixing species are able to draw upon and
benefil from the fixed nitrogen as well.

Herbaceous legumes are valued also for purposes other
than pasture and forage. The low-growing white clover
(Trifolium repens L.) often is included in lawn seed mixtures,
and white clover and several other legume species are in-
cluded In seed mixtures planted for revegetation, control
of soll erosion, and ornamental purposes. The flowers of
legumes provide bess with nectar and pollen, and many
types of wildlife feed on legume herbage and seeds
(Graham 1941).

Native Alaskan Legumes

Alaska's native tlora includes a wealth of herbaceous
legumes (Klebesadel 1971a). About fifty species occur in
the state, and they vary in growth form from tiny, tutted
types to some that are tall and leafy. Most are classified
within the two genera Astragalus and Oxytropis, but a few
species occur within certain other genera (Lathyrus,
Hedysarum, Lupinus, and Vicia).

* Professor, Agronomy, Agricultural and Forestry Experimﬁnl
Station, Palmer.

The many native legumes are a valuable element in the
total flora. They occur in numerous habitat types from
shorelines to interior forests, and from low-lying tundra to
alpine sites. Some serve as ‘pioneer’’ species on river
gravels left by glacier retreat, and all contribute fixed
nitrogen to their respective ecosystems (Allen et al. 1964,
Alexander et al, 1978). All possess ideal physiologic adap-
tation to Alaska's subarctic climatic patterns and most are
very winterhardy here (Klebesadel 1971a, b; 1980).

MNone of Alaska's native legumes, howeaver, are species
valued for cropland forage production. Numerous native
species judged initially to have potential for forage produc-
tion potential have been evaluated in experimental studies,
but all possess from minor ta major agronomic defects that
affect their usefulness (Klebesadel 1971a). Attention
therefore has been directed toward identifying the best
adapted and most winterhardy strains within other legume
species that have been used traditionally for forage pur-
poses elsewhere.

Figure 1. An individual plant of white cfover, Photo taken 29 June
when plant was in full bloom. Pen provides size comparison.
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Winterhardiness Problems

In contrast to Alaska's native legumes, introduced
legumes that are useful and valued as livestock forage in
other areas of the world generally are not adequately
winterhardy when grown in field culture in Alaska (Irwin
1945; Klebesadel 1971b, 1980, 1985).

A number of species of forage legumes have been in-
troduced into Alaska and have “escaped’ from field culture
to become naturalized, well established, and persistent
populations, especially along Alaskan roadsides. However,
there are significant and critical differences between the
winter stresses imposed on plants that grow in roadside
habitats and those that grow in adjacent fields. Therefore,
simply because a plant thrives along Alaska's roadsides
or in other unharvested situations does not ensure that it
will perform equally well in cropland use.

The differences In stresses between roadsides and fields
are due to both artificial and natural effects. Harvesting of
field-grown plants once or twice per growing season can
impose considerable stresses on food reserves and
physiologic processes within the plants, stresses not ex-
perienced by unharvested roadside plants. Furthermore,
field-grown plants usually are left with only a short stubble
at the end of the growing season, and strong winter winds
can remove virtually all of the protective mantle of snow.
In roadsides or other undisturbed habitats, tall plant growth
holds the protective snow in place, and plants there are sub-
jected to much less winter stress, A few to several inches
of insulating snow cover over plants protects their over-
wintering organs from dehydration, from injuriously low air
temperatures, and from harmful warm temperatures dur-
ing freeze-thaw fluctuations that often occur locally. Warm
temperatures during winter can break the dormancy of
plants. I a warm period is prolonged, the protective snow
cover can melt and refreeze as a layer of ice. Ice is greatly
inferior to snow as insulation over plants; moreover, pond-
ed ice can cause smothering of plants.

Even within a single lawn the protective influence of snow
can be seen. White clover will survive in Matanuska Valley
lawns where wind patterns leave drifts of snow in place all
winter. In immediately adjacent lawn areas swept bare of
snow, however, white clover commonly winterkills
completely.

Throughout Alaska, numerous roadside populations of
introduced legumes have persisted successfully for many
years. White clover is one of the species frequently seen.
Despite being subjected to somewhat lesser winter
stresses, these roadside legumes have nonetheless been
exposed during a long term of residence to Alaska's
uniquely north-latitude climatic conditions. It is quite possi-
ble that the effects of natural selection pressures over many
plant generations could alter their genetic makeup toward
heightened physiologic compatibility with the specific
seasonal photoperiodic patterns and temperature stresses
in this northern area. Such increased harmony between
plant and environment could lead to genotypes of white
clover that possess winter survival characteristics superior
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to that in strains or varieties brought to Alaska directly from
various other world sources.

White Clover Characteristics

White clover is one of about 250 species in the legume
genus called Trifolium (Carlson et al. 1985). It is a long-lived
perennial under favorable growing conditions. Plants
spread both vegetatively by extension and branching of the
prostrate stems, called stolons (fig. 2), and by the produc-
tion of seeds.

The only aerial or elevated portions of the plant are the
white, ball-shaped flowers on slender stalks and the profu-
sion of leaves, each of which consists of a petiole stalk top-
ped by three leaflets (fig. 2). Discovery of an occasional
"four-leaf clover" is considered to confer good luck upon
the finder.

White clover is acknowledged to be one of the most
nutritious of the world's forage legumes (Gibson and
Hollowell 1966). Because the plant's prostrate stems are
rooted and held fast to the soil, only Ieaves and flowers are
removed by harvest equipment or grazing livestock. This
herbage is very palatable, low in fiber, and highly digesti-
ble. It is also high In protein and generally higher in nutri-
tionally important minerals than grasses. Other benefits at-
tributed to white clover in pastures are improved animal
health, milk flow, calf weaning weights, daily gains, and con-
ception rates (Carlson el al. 1985). Beyond the dominant
use by cattle, white clover also is valued as a high-protein
forage for swine and poultry.

White Clover Types

Authorities generally recognize three main types of white
clover, based on size of plant parts; these are referred to
as small, intermediate, and large, or glant, types (Carlson
et al. 1985, Duke 1981, Gibson and Hollowell 1966). All are
Interfertile, and some intergradation is apparent between
the major types.

The small type often is referred to as “wild"" white clover.
It is common in pastures subjected to heavy grazing
pressure, and it withslands close defoliation. Its size
restricts its forage yields, and so it is rarely seeded, but is
found as a volunteer plant in agricultural areas. It is
especially common in pastures in Great Britain.

The intermediate type Is intermediate In size of plant parts
between the small and large types, and includes most of
the regional or common strains and many selected and
named cultivars used principally in pasture seed mixtures.

The large, or giant, type of white clover is also called
ladine clover. All plant parts are larger than intermediate
white clover except the seeds, which are the same size.
First records of ladino clover's existence date 1o 1848 when
it was identified in the Po River valley of Italy near 45
degrees north latitude. Records indicate ladino clover was
first introduced into the United States in 1848 (Gibson and



Figura 2. Drawing of white clover plant showing plant parts. A = leal, consisting of petiole stalk and 3 leaflets; B = flowers In different
stages of develooment; C = Prostrate stem or stolon; D = Root from node on stolon; E = Root nodule containing beneficial bacteria

able to capture atmospheric nitrogen for plant.

Hollowell 1966). Owing to its Mediterranean-area origins,
ladino clover generally is less winterhardy than the in-
termediate and small white clovers. Because its growth is
sufficiently tall for recovery with harvest equipment, ladino
is more often included in forage mixtures intended for
mechanical harvest than are the two smaller types. Several
named cultivars of ladino clover have been developed and
released in North America and abroad (Carlson et al. 1985,
Duke 1881, Gibson and Hollowell 1966).

White Clover Distribution

White clover is one of the most widely distributed of all
the forage legumes. The specles is believed to have
originated in the eastern Mediterranean region or Asia
Minor (Carlson et al. 1985, Duke 1981, Gibson and
Hollowell 1966). Animal caravans spread white clover
throughout Europe and western Asia. It is believed the
species was cultivated in the Netherlands in the late 1600s,
and it was introduced into England during the 1700s
(Carlson et al. 1985).

Its distribution throughout the world has followed human
migration, and the evolution and spread of white clover is
clossely associated with the domestication of caitle (Carlson
et al. 1985). Not that the only consumption of white clover
has been by livestock—Lightfoot (1792) states “In Ireland
the poor people, in & scarcity of corn, make a kind of bread
of the dry'd flowers of [white clover] reduced to a powder.
They call the plant Chambrock, and esteem the bread made
of it to be very wholesome and nutritive.”

Early colonists brought white clover o America. The
range of the species in the Western Hemisphere now ex-
tends from Alaska to southern South Amaerica. It is
estimated that half of the 111 million acres of humid or ir-
rigated pastureland in the U.S. contains varying amounts
of white clover (Carlson et al. 1985, Duke 1981).

Earlier White Clover Evaluations in Alaska
The introduction of white clover into Alaska is recorded

as a planting at the Sitka Experiment Station in 1902 (Ir-
win 1948), Other early plantings followed at territorial ex-
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periment stations at Copper Center and Kenai In 1903,
Rampart in 1906 and 1908, Fairbanks in 1912, and the
Matanuska Station in 1919. From these early plantings, and
undoubtedly numerous other introductions, white clover has
become a familiar species in many areas of Alaska. From
field and turf plantings, it has spread to many sites of past
and present settlements and to many trails, roadsides, and
other disturbed areas.

Irwin (1945) summarized early results of trials at the
Matanuska Station between 1819 and 1942 when a total
of twenty-six varieties and strains of white clover were
evaluated. Excellent stands and growth were obtained in
the seeding years, but large-leaved varieties died the first
winter. Small-leaved, low-growing strains were found 1o be
ihe most winterhardy, and they were also more palatable
1o grazing sheep and cattle than the larger-leaved white
clover,

In early trials at Rampart, Alaska’s northemmost territorial
experiment station, white clover invariably winterkilled the
first winter. Similar results occurred at the Copper Center
and Matanuska Stations when it was seeded alone; winter
survival was improved at those stations and at Fairbanks
when the clover was seeded with a grass.

Recent Alaska Collections

Alaskan agronomists have collected sead from a great
number of native and introduced legumes and grasses
throughout the state during the last 20 years. Plants grown
from these seed collections have been evaluated for
numerous purposes in field nurseries at the Matanuska
Hesearch Farm. Some seed lots of white clover were in-
cluded among these, and certain recent collections have
been of special interest,

White clover Collection AK-3 was made in 1980 from a
large roadside population in southcentral Alaska's
Matanuska Valley. This area is less subject to the extremely
low midwinter temperatures common in Alaska's Interior,
but is more subject to other stresses such as (a) winter
winds that sweep away insulating snow cover and (b) winter
temperature fluctuations that often include midwinter thaws
followed by refreezing.

Two other collections of white clover seed were made
in 1982 at roadhouses along the Richardson Highway in
Alaska's Interior. The Richardson Trail was an early
transportation artery from Valdez, a shipping point on
Alaska's south coast, to Fairbanks, a mining center in the
territory’s Interior. Along its 380-mile fength, a series of
roadhouses was established for trade, lodging, and the
pasturing and stabling of draft horses used for drawing
wagons and sleds along the trail.

Collection AK-4 was made at Bennett's Roadhouse (fig.
3), built near the Tanana River in 1804 abou! 10 miles north
of the present community of Delta Junction. Collection AK-5
was harvested in the vicinity of Old Richardson Roadhouse
which was moved to its present location in the 1920s, No
known records exist to indicate when white clover first
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Figure 3. Bannett's Roadhouse (once called Rika's Roadhouse)
on the Richardson Tral near the banks of the Tanana River. Horses
were pastured and stabled hera near the beginning of this cer-
tury. Coltection AK-4 was made near here from a white ciover plant
population that probably has persisted for many years.

became established at those roadhouses. However, it Is
likely that seed was included in imported hays or seed lots,
and it is possible that white clover may have persisted at
those locations for over half a century. Emphasis on draft-
horse use along the Richardson Trail diminished gradually
with the advent of motor vehicles in the 1920s and 1930s.
These three white clover collections were included in a field
experiment at the Matanuska Research Farm during
1884-85,

Experimental Procedure

Fertilizer disked into a plowed Knik silt loam seedbed sup-
plied N, Pz05, and K0 at 32, 128, and 64 pounds per acre,
respectively. On 18 June 1984, several strains of legumes
within four species, and from various world sources (table
1), were seeded in rows 28 feet long and 18 inches apart.
A randomized complete block experimental design was us-
ed with four replications. When seedlings were 1 to 3 in-
ches tall, they were thinned by hand pulling to leave in-
dividual seedlings 6 to 8 inches apart. In spring of 1985,
when surviving plants had started to grow, living and dead
plants were counted in all rows and percent winter survival
was calculated for each strain.

Results and Discussion

Very striking differences were noted in spring 1985 in
winter survival among legume species, cultivars, and
strains (ltable 1). An Alaskan strain of siberian alfalfa
(Medicago falcata L.) and Denali, an Alaskan cultivar of
variegated alfalfa (M. sativa L.}, survived the winter with vir-
tually no stand loss. In sharp contrast, all four cultivars of



Table 1. Comparative winter survival of strains of white clover
and other legumes from various world sources grown as In-
dividual plants in rows at the Matanuska Research Farm.

Planted 18 June 1984.
Selection, Percant
strain, or winter
Specles cultivar Origin survival
White clover: AK-3 Alaska 87
AK5 2 69
AK-4 A 49
Tammisto Finland 23
Hja-364 b 5
Sonja MNorway 0
“White Dutch” usa 0
Red clover: Alaskland Alaska 0
Pradi Norway 0
Tripe e 0
Kenland Kentucky 0
Alsike clover: Alpo Norway o
Tammisto Finland 0
Tetra Swaden 0
Aurora Canada 0
Alfalfa: M. falcata Alaska 99
Denali ! 928

red clover and four of alsike clover winterkilled 100 percent,
regardless of origin.

Only with white clover were there wide differences in
winter survival of strains within a species. Of the seven
strains evaluated, survival ranged from none (Norwegian
Saonja and commercial "“White Dutch” from the USA) to very
good (87 percent in AK-3). Alaska collections AK-5 and AK-4
displayed somewhat poorer survival at 89 percent and 49
percent, respectively. However, all three Alaska collections
surpassed by a wide margin the 23 percent and 5 percent
survival of Tammisto and Hja-364, respectively, both from
Finland.

The differences in winter survival noted in the presant
test between red clovers and white clovers paraliel findings
of Ruelke and Smith (1956) in Wisconsin. They found (us-
ing common Wisconsin strains) that medium red clover
developed cold tolerance in overwintering tissues later in
autumn, and developed a lesser level of cold tolerance, than
white clover. Such differential patterns of cold-tolerance
development, if similar in Alaska to trends in Wisconsin,
could account for the 100 percent winterkill of all red clovers
in this test, as contrasted to the much better survival in
several of the white clover strains.

Of substantially greater interest, however, are the wide
differences found in winter survival among the seven white
clover strains (table 1, fig. 4). Not surprising was the 100
percent winterkill of the “White Dutch” strain from an
unknown origin within the conterminous 48 stales far to the
south of Alaska. Poor winter survival in Alaska of forage
legumes adapted to midtemperate latitudes is well known
(Klebesadel 1971a, b; 1980; 1985).

The origins of the other three non-Alaskan white clovers,
however, are from latitudes much more similar to those of
Alaska. The cultivar Sonja from Norway winterkilled total-
ly, and survival of Tammisto and Hja-364 from Finland was

very poor as compared 1o the three Alaska collections (table
1, fig. 4).

The origins of the white clover genetic stocks that gave
rise to the naturalized populations at the three locations in
Alaska from which seed lots AK-3, AK-4, and AK-5 were
collected are unknown. However, it is known that the three
white clover stands from which seed was collected had pro-
bably persisted in Alaska for a considerable number of
years. Moreover, virtually all commerce (such as introduc-
tion of seed lots or imports of hays containing seeds) with
the territory during the nineteenth century and the first half
of the twentieth century was from the west coast of the U.S.
This suggests strongly that the white clover stands
originated from seed brought to Alaska from areas con-
siderably farther to the south. In all probability their original
winterhardiness levels in Alaska would have been
somewhat similar to that found in the ““White Dutch" strain
used in the test reported here. However, since those early
white clover introductions were not grown in the very
stressful habitat of an open field, as in the experiment
reported here, some plants apparently were able to survive
initially to give rise to the persistent populations that are
prasent now at those locations.

Natural Selection for Winterhardiness

Evidence strongly suggests, then, that during the long-
term residence in Alaska of those three white clover popula-
tions, natural selection pressures have caused genetic
modification toward better adaptation to Alaskan climatic
conditions and, hence, toward the better winter survival
displayed in this field test.

The hypothesis drawn from this evidence agrees with
conclusions by Gibson and Hollowell (1966) concerning
white clover: ""The variability in the species plus the high
degree of cross-pollination favor shifts in response to
natural or artificial selection pressures. Strains of while
clover have been naturally and artificially made and main-
tained under specific environmental conditions. Many
ecotypes exist.”

If natural selection for winterhardiness is to be effective
in a plant population growing in a new environment, there
must be seed produced and a tumover of plant generations.
During this genetic mixing of surviving plants, and the sor-
ting and elimination (by winterkill) of inadequately winter-
hardy plants by environmental pressures, a "'survival-of-the-
fittest” scenario gradually selects for plants with a better-
adapted ''genetic constitution" for that specific environment
(Cooper 1965, Wilsie 1962). That desirable genetic constitu-
tion possessed by winterhardy plants controls physiologic
processes within the plant that are thus in heightened har-
mony with environmental forces that determine plant
behavior, such as the interacting seasonal patierns of
photoperiod and temperature (Klebesadel 1985),

Natural selection for winterhardiness cannot proceed
very effectively in the span of a few decades on plant
populations that are mostly winterhardy and are long-lived.
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Figure 4. Comparative winter survival of white clover cultivars,
sirains, and collections from various world ariging when grown at
the Matanuska Research Farm. Planted 18 June 1984, photo 30
July 1985. Rows are identified at right.

However, in a plant population that is marginally winterhar-
dy, where only a few plants survive winters lo flower and
interpollinate (and thereby "intermix”’ their superior genetic
characteristics), natural selection can effectively shift away
fram the original genetic make-up of the population.
Moreover, such a shift will be much more rapid if the plants
are relatively short-lived, for that characteristic accelerates
the cycling of generations and more rapid sorting within the
avallable gene pool, Aithough white clover is a long-lived
perennial under ideal growing conditions, Gibson and
Hollowell (1968) state: ““White clover is classified as a
perennial, but plants may behave mostly . . . as biennials
or short-lived perennials in the North." Sylven (1937) reparts
enhanced performance of German white clover in Sweden
following natural selection in the more northern
environment.

Natural selection toward improved winterhardiness in
alfalfa has been documented many years ago by workers
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Labsl Identity Origin
HJA HJA-3(i4 Finland
SON Sonja Norway
wo Commercial “White Dutch " USA
TAM Tammisto Firtfard
AK-3, AK-4, AK-5 Collections Alagka

in the Midwest US (Brand 1908, Waldron 1912). A similar
pattern of enhanced winterhardiness has been noted also
in alfalfa grown through many generations in Alaska
(Klebesadel 1971b, 1985, Klebesadel and Taylor 1973).
Superficially, it might seem somewhal unusual that
Alaska white clover collections AK-4 and AK-5 from Alaska's
Interior did not survive as well in the field test as collection
AK-3 from the Matanuska Valley. This may seem especial-
ly odd since the white clover populations at the old
roadhouses very likely have persisted for longer terms in
Alaska and in somewhat more northern areas that ex-
perience much colder winters than occur where AK-3
evolved. | belleve, howsvar, that the difference derives from
the fact that AK-3 evolved In the Matanuska Vailey, an area
where winter stresses are different than simply the occur-
rance of extremely low temperatures where AK-4 and AK-5
evolved. Based on studies of other plant species, | believe
that collection AK-3 may be found in future studies to be



able to achieve a more dormant status that protects against
freeze-thaw temperature oscillations that typically occur
during Matanuska Valley winters (Klebesadel 1974, 1985).
This is a different kind of winter stress than that experienced
in Alaska's Interior where pratective snow cover usually per-
sists throughout the winter. In the Interior, winter air
temperatures may be extremely low but seldom fluctuate
sufficlently to cause midwinter thaws followed by refreez-
ing as occurs commonly in the Matanuska Valley
(Klebesadel 1974, 1985),

The 1984-85 winter at the Matanuska Research Farm had
numerous thaw intervals that affected the experiment with
clovers reparted here. In January alone there were three
separate thaw periods. On a total of 26 days during January
the daily maximum exceeded 32 degrees Fahrenheit, and
on 19 days it exceeded 40 degrees Fahrenheil. After a late-
January/early-February thaw period of 20 consecutive days
with maximums exceeding 32 degrees Fahrenheit, there
oceurred a very cold period during which 16 of 17 con-
secutive days had minimums below 0 degree Fahrenhait,

and the lowest temperature reached 16 degrees below zero
Fahrenheit. Inasmuch as the Matanuska Valley collection
AK-3 evolved over what is belleved a long period of time
under this type of winter-siress conditions, it is quite
understandable that it survived well in this lest.

Conclusions

Resuits reported here of differences in winter survival
among several white clover strains are relatively limited in
scope and should be verified in more extensive com-
parisons involving more strains from various origins and
over several years. Nonetheless, the wide differences in
winter survival rates between the Alaska white clover col-
lections and the cultivars from other northemn countries sug-
gest strongly that adaptive maodification toward superior
winter hardiness has occurred in the long-resident,
naturallzed white clover populations from which the Alaska
collections were drawn. [|
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Effect of Phosphorus and Potassium
On Alsike Clover

By

Winston M. Laughlin®, Glenn R, Smith**, and Mary Ann Peters***

Soils in the Kenney Lake area of the Copper River Basin
of Alaska have a neutral 1o alkaline pH. Thus one would
expect these soils to support the growth of iegumes more
satisfactorily than the more acidic soils common to many
areas of Alaska. Several unsuccessful attempts were made
between 1979 and 1882 to establish a uniform stand of
alsike clover in the Kenney Lake area. Planiings were made
on spring rototilled soil and the area compacted immediate-
ly after planting. Uniform stands ol young plants were ob-
lained, but extreme drought caused so many plants to die
that the stands were very unewven.

Experimental Procedure

In August 1981 a relatively uniform area of the lacustrine
substratum phase of Klawasi silt loam was selected and
rotatilled. The experimental site was located at Mile 5 on
the Old Edgerton Highway about 23 miles southeast of Cop-
per Center. In 1978, this area had been cleared of trees,
plowed and disced, and left uncropped. On September 30
the Canadian variety 'Aurora’ alsike clover was broadcast
on about four inches of snow with a Cyclone hand seeder.
The soll beneath the snow was frozen to a .25-inch depth.
Again on April 23, 1982, another broadcast seeding of
alsike clover was made on 15 inches of snow. On May 18
a 4 x 4 factorial experiment replicated six fimes was
established. We used four rates of phosphorus (P) as
treblesuperphosphate 50, 100, and 150 pounds P05 per
acre, equal 1o 0, 22, 44, and 66 pounds P per acre, per year
and four of potassium (K) as sulfate of potash (0, 50, 100,

*Research Soll Sclentist, Agricultural Research Service,
USDA.

* *Laboratory Technician, Agricultural and Forestry Experi-
ment Sation, University of Alaska-Fairbanks.
***Biological Technician, Agriculturai Research Service,
USDA, Palmer, Alaska 98645,
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and 150 pounds K;O per acre, equal to 0, 41.5, 83, and
124 5 pounds K per acre, per year), These fertilizers were
broadcast by hand on 18 May 1982, 19 May 1883, and 22
May 1984. Growth in 1982 was slow, and plants were very
short so no harvast was made although weeds were mowed
the latter part of June and early in August.

On 28 June and 20 September 1983 and 26 June and
10 September 1984, clippings were made with a small
power mower equipped with a sickle, leaving a 2-inch stub-
ble. The harvested area consisted of a strip 30 Inches wide
and 12 feet long cut from the center of each 6- by 15-foot
plot. Fresh and dry weights were recorded from each
harvest. Representative herbage samples from each plot

Alsike Clover




were ground to pass a 20-mesh stainless steel laboratory
mill screen. Chemical analyses were made as follows: total
nitrogen (N) and P were determined colorimetrically using
a Technicon autoanalyzer (Technical Industrial Systems
1976); K, calcium (Ca), and magnesium (Mg) were
measured using an atomic absorption spectrophotometer
following sulfuric-selenous acid digestion and using lan-
thanum to control interferences (Perkin-Elmer Corp. 1973),
and total sulfur (S) was determined with an automatic S
analyzer (Smith 1980). The soil samples, taken at a 6-inch
depth after the 1984 harvest, were analyzed for pH and
available N, P, and K using the following methods: pH was
measured with a pH electrode (one part soll to two parts
water); NHs-N and NOs-N were extracted with 2N NaCl
measured colorimetrically with a Technicon autoanalyzer
(Technican Industrial Systems 1973); P was extracted with
Bray No. 1 extractant and analyzed with a spectrophoto-
meter (Gaines and Mitchell 1979); and K was extracted with
1 N ammonium acetate at pH 7 and analyzed using an
atomic absorption spectrophotometer {Perkin-Elmer Corp.
1973).

These data were analyzed statistically with conventional
statistical technigues. The significant P x year interactions
with N, P. S, and Mg concentrations are presented in Table
3, and the significant P x K interaction with first-cutting Mg
concentrations are presented in Table 4.

Results and Discussion

Application of P increased the first-cutting forage yield
above that of the control (which received no P), but there
was no signiticant difference in yield for the different P rates.
For the second cutting, yields increased with each increase
in P rate (table 1). Only the highest K rate (124.5 pounds
per acre) Increased the yield of both cuttings (table 2).

We do not understand the poor growth in 1982 nor do
we understand the extremely low first-cutting yields in 1983
and 1984, Aurora alsike clover is well adapted for southern
Canada. Perhaps the longer day length in Alaska as well
as the lack of moisture in the early season adversely af-
fected growth. We found very poor nodulation even though
a fresh, viable, commercial culture was used to treat the
seed just prior to each seeding. This may indicate present
commercial cultures do not have rhizoblum adapted to this
area. We have noted in this area considerable responses
of alsike clover to N applied the season the crop was
planted.

Nitrogen Concentration and Uptake

First-cutting N concentration was increased by P only in
1984 (table 3). The N uptake was increased by P applica-
tion (table 1).

The N concentration was not influenced significantly by
varying K rates in either alsike clover cutting. The N up-
take was increased only by the highest K rate (124.5 Ib per
acre) (table 2),

Phosphorus Concentration and Uptake

Concentration of P in the first cutting was increased by
each increasing P rate, although the increase from 44 to
66 pounds P per acre was not large enough to be signifi-
cant (table 1). Second-cutting P concentration increased
with each increasing P rate in both years (table 3). The
seasonal P uptake also increased with increasing P rate;
however, the increase between 22 and 44 pounds P per
acre was not large enough to be significant (table 1).

Applications of K had no significant effect on first-cutting
P concentration. However, each increasing K rate Increased
the P concentration in the second cutting. Only the highest
K rate (124.5 pounds per acre) resulted in increased P up-
take (table 2).

Potassium Concentration and Uptake

The K concentration in neither cutting was influenced by
P, but the K uptake was increased by P application (table
1). Each increasing K rate increased the K concentration
in both cuttings as well as the total seasonal K uptake;
however the increase in K uptake from 41.5 fo 83 pounds
K per acre was not large enough to be significant (table 2).

Sulfur Concentration and Uptake

First-cutting S concentration was depressed by P applica-
tion in 1883 and Increased in 1984 (lable 3). We know of
no reason for such a reversal. Second-cutting S concen-
tration was increased by P rates exceading 22 pounds per
acre while P application increased the S uptake (table 1).

First-cutting S concentration tended to be increased by
increasing K rates, but the S concentration in the second
cutting was not influenced significantly by K; S uptake was
increased only by the 124.5 pounds K per acre rate (table 2).

Calcium Concentration and Uptake

First-cutting Ca concentration tended to be increased by
P application and each increasing P rate tended to increase
the Ca concentration in the second cutting; Ca uptake was
increased by P application (table 1).

The Ca concentration in the first cutting was erratic as
related to K rate and that in the second cutting tended to
decrease with increasing K; Ca uptake was not influenced
significantly by K rate (table 2).

Magnesium Concentration and Uptake

The Mg concentration in the first-cutting was increased
by P application only in 1884 (table 3). Second-cutting Mg
concentration was not influenced significantly by P rate but
the seasonal Mg uptake was increased by P application
(table 1).

The effect of the K rate on first-cutting Mg concentration
varied with each of the four P rates being erratic when no
P was applied. Concentration of Mg tended 1o decrease

Vol. 18, No. 1, 1888 21



Table 1. Two-year means (1983 and 1984) of effects of P rates on alsike clover forage yield (dry weight) on N, P, K, S, Ca,
and Mg uptake, and on N, P, K, §, Ca, and Mg concentration in herbage. (Means of 48 measuremenis)

Yield Uptake
P rate 15t cut 2nd cut Total N P K S Ca Mg
(Ib/A) el [ 1) B s e (DA} e
0 0.28b" 1.21c 1.48b 76b 6.3c 70b 5.34b 46b 13.6b
22 0.48a 1.67b 2.15a 110a 10.8b 107a 8.05a B8a 20.0a
44 0.43a 1.68ab 211a 108a 12.2b 108a 8.15a B7a 20.5a
66 D.47a 1.84a 231a 11%a 14.9a 111a 8.94a 77a 22.68a
Concentration
N P K 5 Ca Mg

2nd cut 1st cut 1st cut 2nd cut 2nd cut 18t cut 2nd cul 2nd cut
: e (o) S

0 2.54a £330 2.34a 2.15a 1690 1.50b 1.53¢c AgBa

22 244s .279b 261a 2.33a A73b 1.B4a 1.56bc A60a

44 2.48a .308a 2.55a 2.28a 1818 1.52ab 1.62ab 4B88a

66 248a 326z 247a 2.27a 1812 1.63a 1.67a .488a

ILatters in the tables are used In accordance with Duncan's multiple range test. Any two values within a column not followed by the same letter ara
significantly different at the 5% level of probability.

Table 2. Two-year means (1984 and 1985) of effects of K rates on alsike clover forage yield (dry weight), on N, P, K, S, Ca,
and Mg; and on N, P, K, S, Ca, and Mg concentration In herbage. (Means of 48 measurements)

Yield Uptake
K rate 1st cut 2nd cut Total N P K S Ca Mg
(Ib/A) (TIA) (Ib/A)

0 0.36b! 1.43b 1.78b 92b 10.2b 68c 6.55b 60a 20.1a
41.5 0.38b 1.57b 1.95b 100b 10.6b 87b 7.30b 64a 19.6a
83 0.38b 1.58b 1.98b 101b 10.6b 103b 7.51b 62a 17.6a

1245 0.52a 1.82a 2.34a 120a 12.8a 132a 9.09a 70a 19.5a
Concentration
N il K S Ca Ma
1st cut 2nd cut ist cut 2nd cut 158t cut 2nd cut 18t cut 2nd cut 1st cut 2nd cut 2nd cut
(o)

o 281a 251a 27%a ,199d 2.03d 1.77d 216b 172a 1.67a 1.67a .B51a
41.5 2.77a 2 48a .287a 242¢c 2.3%c 2.12¢c .233ab A77a 1.58ab 1.65ab .503b
83 272a 2.49a .285a .280b 2.63b 2.45b .236ab A77a 1.48b 1.57b 440c

124.5 2.89a 246a .295a 312a 2.93a 2.70a 246a .178a 1.55ab 1.49¢ .408d

ILetters |n the lables are used in accordance with Duncan's multiple range test. Any two values within a column not followed by the same letter are
significantly differamt at the 5% level of probability.

Table 3. Effect of P on the N, P, S, and Mg concentration in alsike clover herbage, 1983-1984. (Means of 24 measurements)

N ) s Mg
1st cut _ 2nd cut 1st cut ist cut
P rate 1983 1984 1983 1984 1983 1984 1983 1984
{Ib/A) (%)
0 2.70a' 2.64b .189d .209d .250a 224b 5228 .435b
22 2.70a 3.00a 215¢ .268¢ 220b 251a 515a .531a
44 2.71a 2.87a .247b 312b .226b .260a .514a 509a
66 2.B4a 2.93a 276a .347a 217b .248a 518a 533a

Letters in the tables are used in accordance with Duncan's multiple range test, Any two values within a column not followed by the sama |atter are
slgnificanty ditferent at the 5% leve! of probability,
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Table 4. Effect of P and K on first-cutting Mg concentration
in alsike clover, 1983-1984, (Means of 12 measurements)

P rate (Ib/A)

K rate 0 22 44 66
(Ib/A) (%o}

o .483ahb! B07a B55a 594a
41.8 .538a .500b 503b .561a
83 A08b .510b A473bc 468b

1245 490a ATED A416c 479

iLetters in the tables are used i accordance with Duncan's multiple range
test. Any two values within a column not followed by the same letter are
significantly different at the 5% level of probability.

with increasing K rate when P was applied (table 4).
Second-cutting Mg concentration decreased with each in-
creasing K rate while the total seasonal Mg uptake was not
influenced significantly by the K rate (table 2).

Soll Test values

Available P in the soil in September of 1984 increased
with each increasing P rate. Apparently P application in-
creased the September values for NOs-N (table 5). This in-
crease probably results from the added P increasing the
rate of organic matter decay and the release of N.

Each increasing K rate increased the available K in the
soil in September 1984. The heaviest K application (1245
pounds per acre) apparently increased the NOs-N in the soil
(table 5) probably resulting from the added K increasing the
rate of breakdown of the soil organic matter.

The lower N values in September 1984 compared to
those in May 1982 suggest more N was being removed with
the clover than is released through organic matter decay.
Over the 3-year period, P and K fertilizers increased both
the P and K available in the soil. It is interesting that the
value for available K was greater in 1884 than in May 1982
when no K had been applied. Other data, not shown, in-
dicate spring K values were higher than the fall values in-
dicating the release of exchangeable K during the time the
crop was not removing K.

Interpretive Summary

Soils in the Kenney Lake area of interior Alaska have a
neutral to alkaline pH and should be more adapted for
legume growih than the more acid soils in other areas. After
several attempts to secure a uniform clover stand, a
replicated experiment with four rates of P (0, 22, 44, and
66 Ib P/A) and K (0, 41.5, 83, 124.5 Ib K/A) was establish-
ed on an Aurora alsike clover stand in 1982. Two annual
harvests were made in 1983 and 1984 and forage samples
analyzed for N, P, K, S, Ca, and Mg. Yields were increas-
ed by both P and K. Available P and K in the soil were in-
creased during this period by annual applications of P and
K. The very poor growth in 1982 and very low first-cutting

Table 5. Etfect of P and K on soil pH and on inorganic N, ex-
tractable P, and exchangeable K September 1984. (Means of
24 measurements)!

Inorganic N Extractable Exchangeable
pH NH;=N NO3;-N £ K
P rate Effect of P Applications
(Io/A) {In/A)

0 7.53a2 4.35a 0.85b 38d 335a
22 7.54a 3.98a 1.31a 87c d16a
44  7.46a 4.B3a 1.50a 132b 338a
B6 7.40a 4.72a 1.31a 187a 33Ba

K rate Effect of K Applications
{IbiA) (IbiA)

0 7.57a 4.29a 1.03b 108a 165d
415 7.55ab 4.03a 1.08b 110a 238¢c
B3 742be  4.51a 1.32b ii2a 3840

1245 7.38c 5.05s 1.52a 115a 531a

'Baseline values (May 1982) for pH, NHy—N, NO; N, P, and K were 7.54,
108, 27.8, 35, and 114, respectively.

2| stters in the tables ars used In accordance with Duncan's mullipie range
test. Any two valugs within a column naot followed by the same |etter are
significantly different at the 5% lavel of probability.

yields, suggest this varlety of alsike clover may not be
adapted to this area. The very poor nodulation further sug-
gests a strain of rhizobium is needed which is adapted to
both the legume and lo the area.

Conclusion

This 2-year study shows a yield response by alsike clover
to both P and K fertilization in the Kennay Lake area. It fur-
ther suggests that a variety of alsike clover better adapted
to the area is needed. The poor nodulation suggests a more
effective strain of rhizobium is needed for more efficient N
fixation. More study is needed to evaluate nodulation and
dinitrogen fixation by alsike clover in this region of Alaska.[]
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Figure 1. Location of sites in Alaska sampled for plant-parasitic
nematodas,
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Plant-Parasitic Nematodes in Alaskan Soils

Emest C. Bernard” and Donald E. Carling™*

Introduction

Nematodes constitute an extraordinarily diverse and
widespread phylum of animals. They have adapted to near-
ly every conceivable habitat, and several major ecological
groups, each of which contains many hundreds or
thousands of species, can be recognized. These groups
include marine nematodes, which feed primarily on micro-
organisms; free-living terrestrial nematodes, which subsist
on bacteria, fungi, algae, or such small soil tauna as other
nematodes; vertebrate parasites; arthropod parasites; and
plant parasites. Annual losses in agronomic and hor-
ticultural crops in the United States due lo plant-parasitic
nematodes have been estimated at about 10 percent
(Society of Nematologists 1970). Crops in warm temperate
and tropical reglons are usually considered more vulnerable
to damage, but many crops such as polato, sugar beet, car-
rot, and cabbage may be affected In the northern U.S.,

*Professor, Department of Entomolegy and Plant Pathology,
University of Tennessee, Knoxville, TN 37901.
* * Associate Professor, Horticulture, Agricultural and Forestry
Experiment Station, Palmer, AK 99645,
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southern Canada, and northern Europe. Root-knot
nematodes (Meloidogyne spp.), cyst nematodes (Globodera
and Heterodera spp.), and lesion nematodes (Pratylenchus
spp.) are the most significant genera in northern crop pro-
duction regions and have been extensively studied.
Because of recent efforts to expand Alaska's agriculture
on a large scale, the potentlal impact of indigenous
nematode species on crops should be investigated.

Current knowledge of Alaskan nematodes is guite limited
and probably consists of no more than a dozen reports.
Cobb (1821) and Mulvey (1983) reported briefly on a col-
lection of nematodes made by the 1915-16 Stefansson Ex-
pedition in the Canadian Arctic and Alaska, but did not give
localities for the listed genera. In 1949, Thome (1949)
described Tetylenchus foctus from Wrangell, We have ax-
amined numerous soil samples from the Aleutian Islands,
primarily Adak Island, and described a number of species
{(Bernard 1979, 1981, 1982, 1984). Freckman et al. (1977},
in a brief report on nematode communities at three sites
along the Trans-Alaska pipeling, found only twenty-two
genera of all types of free-living and plant-parasitic
nematodes. Several species of Nagelus, Pararotylenchus,
and Pratylenchoides have been described or noted from
Alaska by Baldwin and coworkers (Baldwin and Bell 1981,
Baldwin et al. 1983, Powers et al. 1983).



In 1983 and 1984, soll samples from various paris of
Alaska (fig. 1) were collected for nematode extraction and
identification. It is evident from study of these samples that
plant-parasitic nematodes are an abundant and diverse
fraction in Alaskan solls (fig. 2) and that several species
may pose a potential risk to the agricultural goals of the
stale. We are continuing cooperative studies of the plant-
parasitic nematode fauna in order to reach the following
objectives: 1) to identify and describe the plant-parasitic
nemalodes of Alaska; 2) to assess the potential impact of
nematodes on Alaskan agriculture; and 3) to develop
hypotheses which explain the current distribution of
nematodes in Alaska; and 4) to pradict future distributions
in new crop-growing areas.

Relationships of Nematodes to Plants

Nearly all plant-parasitic nematodes are less than .08
inch long. Most species remain vermiform (wormlike) their
entire lives (figs. 3-7), but in some of the most destructive
forms, the females are greatly swollen compared to the in-
fective juvenile stage (figs. 8-10),

All plant-parasitic nematodes possess a stylet, or spear,
with which they puncture plant cells (figs. 11-18). In the
more generalized species, the stylet is used to penetrate
cell walls, after which digestive enzymes are injected into
the cell cytoplasm to liquefy it. The nematode then ingests
the liguefied, predigested contents from the cell. This en-
tire process may take anly a few seconds. The stylet, which
closely resembles a hypodermic needle, has a very nar-
row lumen that allows only liquids or extremely minute par-
ticles to pass. Bacteria and most cell organeiles are too
large to enter the stylet. Trichodorid nematodes have a solid
stylet (fig. 16).

Figure 2, Typical abundance of nematodes In a 200-cubic-
centimeter soil sample.

In more specialized plant parasites, such as root-knot and
cyst nematodes, the nematode injects substances which
induce the plant to produce enlarged, multinucleate cells
called giant cells or syncytia (fig. 17). The developing
nematode feeds on these cells without killing them. The
death of the nemalode results in degeneration of the
syncytium.

Most plant-parasitic nematodes live in soll and feed upon
root cells. A few forms are parasites of leaves or plant
reproductive organs, and at least two species are signifi-
cant parasites in the trunks of some pine trees and coconut
paims. Species which parasitize roots are usually grouped
by nematologists inta the thrae following feeding types. Ec-
toparasitic nematodes are species which live their lives in
the soil, rather than in roots, and feed upon the cortical or
epidermal tissue of the root. Migratory endoparasites travel
through the cortex while feeding and may spend their en-
tire lives within the root. Sedentary endoparasites are those
species which enter roots, establish giant cells (syncytia)
or other specialized feeding sites, often in the vascular
tissue, then begin to enlarge while at the same time losing
their power of movement.

Symptoms on Alaskan Plants

Symptoms ol nematode damage are usually very general
and not identifiable as nematode-induced withou! further
investigation. Affected plants are often stunted and slight-
ly chlorotic. In times of moisture stress they may wilt before
unaffected plants and recover more slowly. On roots, symp-
toms can be classified as galls, stubby roots, root lesions,
or ront necrosis. In Alaska, two species of nematodes have
been identified which induce rool galls (figs. 18, 19).
Meloidogyne subarctica Bernard, a root-knot nematode
described from Adak Island, produces large and abundant
galls on the beachgrass Elymus arenarius (fig. 19). These
galls are caused by formation of glant cells and prolifera-
tion of cortical and vascular parenchyma. Unlike most other
Meloidogyna spp., the nuclel in giant cells of M. subarctica
apparently remain clumped together, rather than dividing
and moving apart following chromasomal replication (fig.
17).

Another type of galling observed on E. arenarius from
Adak Island and parts of the mainland is that caused by
Anguina radicicofa (Greefi) Teploukhova. These galls form
near the root tip and curl as they enlarge due to prolifera-
tion of cortex (fig. 18). The nematodes apparently feed on
the cortical cells, causing the formation of large cavities
within the gall (fig. 20). A. radicicola is an Important pest
of grasses in parts of northern Europe.

It is very probable that the distributions of these two
nematodes are much more extensive in Alaska than is now
known. Some effort should be devoted to determining
whether their parasitic activities on E. arenarius can
destabilize dunes and beaches by reducing the root-binding
capacity of this species.
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Figure 3. Adults and eggs of Anguina
radicicola removed from a gafled Elymus
arenarius roof.

Figure 5. Female Criconemella sp.

Figure 6. Female Serlespinula seymouri

Figure 9, Hetarodera trifolii cysis.

Diversity of Alaskan Nematodes

Alaska has an abundance of plant-parasitic nematode
species (fig. 2), and it is probable that many more species
will be identified with more extensive sail collections. At pre-
sent, twenty-four genara with fifty-four species, most of
them apparently undescribed, have been collected (table
1). A more detalled discussion of the species by family is
given below.
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Figure 7. Female Paratylenchus sp.

Figura 10. Female Thecavermiculatus
crassicrustata on Elymus arenarius roof.

Figure 8. Infective juvenile of Heterodera
trifolii, @ cyst nematode.

Figure 11. Head end of Nagelus sp.

Class Secernentea

Tylenchidae: Numerous species of this family occur in
all Alaskan samples. The members of Tylenchidae are
usually considered fungal feeders or weak parasites of root
hairs, thus they have not heen enumerated in Table 1.

Anguinidae (Anguina, Ditylenchus spp.): Most of the
damaging members of this family are endoparasites of the
leaves, stems, and ovules of many plants. The wheat stem
nematode, A. tritici (Steinbuch) Chitwood, and the stem and
bulb nematode, D. dipsaci (Kuhn) Fllipjev, are the best-
known temperate species, In Alaska, A. radicicola



Figure 15, Head end of Paratylenchus sp.

Figure 13. Head end of Pratylenchus sp.

Figure 17. Cross-section of M. subarctica
gall, showing giamt cells with clustered
nuclel amid disorfented xyfem

Figure 18. Galls of Anguina radicicola on
Elymus arenarius.

parasitizes the roots of E. arenarius. (figs. 18, 20). Many
Ditylenchus spp. occur in the soil, but their role as plant
parasites is questionable since many species In this genus
are believed to be fungal feeders.

Tylenchorhynchidae (Geocenamus, Merlinius,
Nagelus, Scutylenchus, Tylenchorhynchus spp.): This
family is numerous and widely distributed throughout the
mainland, with representatives as far out as Adak Island.
They all probably parasitize epidermal and cortical tissues.
Merlinius, Nagelus, and Tylenchorhynchus spp. are par-
ticularly diverse and may be useful in understanding how
plant parasites become dispersed after severe climatic

Figure 19. Galis of Meloidogyne sub-
arctica on Elymus arenarius.

Figure 20. Cross-section of A. radicicola
gall, showing nematode-fiiled cavities in
conex.

changes. Nagelus spp. (fig. 11) are known from southcen-
tral Alaska to Fairbanks and thence along the Dalton
Highway up to Point Barrow (Powers et al. 1983), in addi-
tion to other points in North America, Asia, and Europe.
However, none were found in the Aleutian Islands or on
the Seward Peninsula. Conversely, Merlinius spp. (fig 12)
were found to be abundant on the Seward Peninsula, with
one species on Adak Island, but none were collected in
southcentral Alaska. The distribution of Tylenchorhynchus
spp. was similar to Merlinius. Climatic changes may have
eliminated most species from the region, but, as the climate
moderated, members of each genus may have dispersed
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Table 1. Plant-parasitic nematodes known from Alaska.

Mode of Parasilism!

Specles Sed. Endo. Migr. Endo. Ecto. Referanca?
Anguina radicicola (Greeff) Teploukhova X Bemard 1979
Cerchnotocriconema psephinum Bernard X Bemard 1882
Cerchnotocriconemsa sp. X —
Criconemelia hemisphaericaudata (Wu) Luc & Raski X -
Criconemella xenoplax (Raski) Luc & Raski X Bernard 1982
Criconamelia sp. X -
Dolichodera sp. X —

Geocenamus sp. X -
Hslicotylenchus amplius Anderaon & Eveleigh X Bemard 1984
Helicotylenchus spitsbergensis Loof X Barnard 1984
Helicotylenchus sp. X Bernard 1979
Hemicycliophaora amchitkaensis Bermnard X Bernard 1882
Heterodera trifolii Goffart X -

Heterodera sp. X -

Hoplolaimus sp. X or X Bemard 1979
Meiloidodera eurytyla Bemard X Bermnard 1981
Maioidogyne subarctica Bernard X Bernard 1981
Merfinius adakensis Bernard X Bernard 1984
Mernlinius foctus Thorne (Sher) X Thome 1949
Merlinius sp. A X -
Merlinius sp. B X —
Nagelus borealis Powers, Baldwin & Bell X Powers et al, 1883
Nageius feptus (Allen) Siddigi X Powers et al. 1983
Nagelus obscurus (Allen) Powers, Baldwin & Ball X Powers et al. 1983
Nagelus sp. A X -
Nageius sp. B X —
Nothooriconema longuium (Gunhold) DeGrisse & Loof X Bernard 1982
Pararolylenchus megastylus Baldwin & Bell X Baldwin & Bell 1981
Pararotylenchus sp. X —
Paratylenchus amundseni Bernard X Bernard 1982
Paralylenchus sp. A X —
Paratylenchus sp. B X —_
Paratylenchus sp. C X —
Pratylenchoides magnicauda Baldwin, Luc & Bell X Baldwin et al. 1983
Pratylenchoides megalobatus Bemard X Barnard 1984
Pratylenchoides variabilis Sher X Bernard 1984
Pratylenchoides sp. A X -
Pratylenchoides sp. B X -
Pratylenchus pratensisobrinus Bernard X Bemard 1984
Pratylenchus ventroprojectus Bernard X Bermmard 1984
Pratylenchus sp. A X —
Pratylenchus sp. B X -
Scutylenchus sp. X —
Seriespinula seymour (Wu) Khan, Chawla & Saha X Bernard 1979
Thecavermiculatus crassicrustata Bernard X Bernard 1981
Thecavermiculatus sp. X —
Trichodorus sp. A X -_
Trichodorus sp. B X —
Tylenrchorhynchus sp. A X Bernard 1978
Tylenchorhynchus sp. B X —
Tylenchorhynchus sp. C X -
Tylenchorhynchus sp. D X -
Tytenchorhynchus sp. E X —
Xiphinema sp. X Bernard 1979

'Modes of parasitism are based primarily on those of refated temperale spacies or genera: Sad. Endo. = Sedentary Endoparasits; Migr. Endo, = Migratory Endoparasite;

Ecto. = Ectoparasita.

2Dashas in the relersnce column indicate unputiished records of cccurrance in Alaska.
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from differant points: Nageius from the southeast, Merlinius
and Tylenchorhynchus from the west. Of course, much
mare thorough collecting, identification, and analyses must
be undertaken to substantiate this hypothesis.

Heteroderidae (Dolichodera, Heterodera, Meloi-
dodera, Meloidogyne, Thecavermiculatus spp.): World-
wide, this family contains the most important nematode
pathogens of crop plants, the root-knot and cyst nematodes.
All are sedentary endoparasites in which the females
become enlarged and produce several hundred eggs each.
Dolichodera (Adak Island) and Heterodera spp. (Adak
Island, Seward Peninsula) females become converted in-
to brown cysts (fig. 9) which protect the eggs within the
body. Meloidogyne subarctica, previously mentioned, Is
known only from Adak Island, as is Meloidodera eurylyla.
The ganus Thecavermiculatus is very (nteresting because
of its extremely wide distribution in the western hemisphere.
One specles lives on grass roots in California, while another
is a potato parasite In the Andes region of South America.
There are two known Alaskan species. T. crassicrustata (fig.
10} oceurs on grasses in the Aleutian Islands (Adak, Am-
chitka Island) and has been collected from the Seward
Peninsula, An undescribed fourth species was found in
abundance In a potato garden near Noorvik. The potential
roles of Heteroderidae in reducing crop yields should be
studied as agriculture intensifies in Alaska. Much more col-
lecting is needed to assess accurately the distribution of
these nematodes in the state.

Hoplolaimidae (Helicotylenchus, Pararotylenchus,
Pratylenchoides spp.): This family consists maostly of ec-
toparasites and migratory endoparasites (fig. 4). Species
of this family appear to be widely distributed in Alaska.

Pratylenchidae (Pratylenchus spp.): All lesion
nematodes (fig. 13) are migratory endoparasites. Some
species are significant potato rool and tuber parasites in
North American and European production areas, while
others parasitize cereal crops.

Paratylenchidae (Paratylenchus spp.): These are the
smallest plant parasites (figs. 7, 15). Females have long,
slender, often flexible, stylets, while males usually do not
have stylets. All species are probably ectoparasites; they
are rarely considered to cause crop damage.

Criconematidae (Cerchnotocriconema, Criconemelia,
Nothocriconema, Seriespinula spp.): All of these
nematodes are stout, robust ectoparasites (figs. 5, 8). They
are easily recognized by thelr prominent, often ornamented,
bady annulation and their heavy, stout stylets (fig. 14). A
few species have roles in complex diseases of orchards in
more temperate reglons, but are probably insignificant in
Alaska,

Class Adenophorea

Longidoridae (Xiphinema spp.): These nematodes
hava long, slender stylets formed differently from those of
all the families previously listed. Thus they are considered
unrelated to the Secermnentea. Only a single specimen of

Xiphinema has been collected from Alaskan soil (Adak
Island).

Trichodoridae (Trichodorus spp.): The stubby-root
nematodes possess a third type of stylet, a slender, solid
tooth used to punciure rool cells (fig. 16). One of the two
species collected in Alaska seems to be widely distributed
on the mainland, occurring in cultivated fields in southern
Alaska and in tundra.

Summary

Plant-parasitic nematdoes are well represented in every
sampled area in Alaska. With expansion of Alaskan
agriculture, the role of these nematodes In plant disease
needs to be understood. However, our current knowledge
of host-parasite Interactions on Alaskan crop plants is still
very limited. A continuing survey ol nematodes in poten-
tial and actual agricultural regions of the state should be
continued. At the same time, the environmental re-
quirements of patential pathogens should be investigated.
In some cases, soil temperatures may normally be too low
to permit maximum nematode activity. However, adapta-
tion among endemic species should be expected, and there
is some evidence thal M. subarctica cannot survive at soil
temperatures much above 48 degrees Fahrenheit (Bernard
1981). Further study will determine the potential part plant-
parasitic nematodes may play In reduction of Alaskan
agricultural yields. |
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AFES Notes continued . . .

Wayne C. Thomas, professor of economics, will tem-
porarily assume the post of director of graduate studies in
September. His appointment will extend through June of
1987. In this position, Dr. Thomas will have responsibility
for administering the graduate programs at the University
of Alaska-Fairbanks. This will include oversight of graduate
research fellowships and selection of outside examiners for
theses defense and oral examinations. This responsibility
constitutes a half-time appointment for Dr. Thomas; he will
also continue his regular research duties at the Agricultural
and Forestry Experiment Station. Edward C. Arobio,
agricultural economist with the Division of Agriculture,
Department of Natural Resources, will take over one-half
of Dr. Thomas' normal research duties during this time
period. Mr. Archio is a former research associate In
economics at AFES.

The Honors Program at the University of Alaska-Fair-
banks offers several interdisciplinary courses each year.
This year, the School of Agriculture and Land Resources
Management is offering “"Design with Nature" (ALR 393),
The course will be taught by Tom Gallagher, assistant pro-
fessor of land planning. Students taking this comprehen-
sive integrated course include those majoring in virtually
every area offered at the University of Alaska-Fairbanks.

The course Is concerned with ways in which people work
with natural forces and processes in designing art works,
landscapes, building, cities, and regions. While there is no
specific textbook for the course, there is an extensive
reading list comprised of books and articles which address
such topics as environmental psychology, ecology,
economics, architecture, and land planning. In addition,
guest speakers will address a variety of related topics in-
cluding art history, mathematics, and wildlife management.
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Dr. Gallagher's interest in offering this course stems from
his academic background in landscape architecture in
which he holds a bachelor's degree, natural sciences in
which he holds a master's degree with emphasis on wildiife
management, and natural resources planning in which he
was awarded the Ph.D. after extensive research in en-
viranmental psychology.

The Agricultural and Forestry Experiment Station, Stan-
dard Alaska Production Company, and the U.S. Fish and
Wildlife Service are collaborating on a five-year research
project. The study focuses on investigating the basic
biological and ecologial aspects of Arctophila fulva, a grass
that grows In certain wetland habitats of Alaska. Specialists
in migratory waterfowl have noted a correlation between
the occurrence of this grass species and preferred habltat
for some species of waterfowl on Alaska's North Slope.
Because the breeding grounds for several waterfow!
species lie in that area, the region and its habitats are of
national and even international importance. Consequent-
ly, activities in the Arctic affecting such wetlands are be-
ing given special consideration—hence, the need for infor-
mation on this grass.

Even though the grass is relatively common throughout
the Arctic, it is one of only two vascular plant species that
can grow on tarrestrial sites and is an emergen! in aguatic
habitats as well. Furthermore, it appears to be the only
vascular emergent in the arctic tundra that can live in both
fresh and salt water. Relatively little research has been
directed toward the species. Increased knowledge of how
the plant grows and how it functions and adapts to a wide
range of environmental conditions is not only of practical
significance to the petroleum industry working In arctic

. . . Continued on page 58



Helping Your Greenhouse Help You

By

Lee Allen® and Patrick Mayer**

Home Greenhouse Production

The operation of a family greenhouse in Alaska can be
a rewarding and even profitable hobby. Rewards can take
many forms, whereas profitability depends not only on suc-
cessiul crop production, but also on cost of production.

Greenhouses that work can cost from hundreds to
several thousands of dollars. Making any small greenhouse
“pay" requires use of a low-cos!t design. Consider, for ex-
ample, the additional production required to return costs
from a greenhouse costing $2000 compared to one costing
$200. Certainly, there are indirect benefits derived from
owning a more expensive greenhouse: pride of ownership,
increased value of the property, and resale value, However,
such negative aspects as increased taxes, interest on in-
vestment, and insurance must also be considered.

The basic greenhouse proposed here is based on USDA
Plan No. 5948. It is a semiportable, bowed plywood rib
design that costs about $200 to construct (fig. 1), There are
many modifications that can be made to this basic
greenhouse to improve its performance. It is important to
consider the cost of each improvement, and any improve-
ment should show a proportionate increase in yleld.

Greenhouse Modifications

The overall layout for our 18982 greenhouse study is
shown in Figure 2. The free-standing greenhouses pictured
are 8.5 by 16 feet, which provides 136 square feet of in-
terior space, enough room for about twenty-four tomato
plants. The low-cost modifications added to the basic
greenhouses were designed to control excessively high

* Associate Professor Agricultural Engineering, Agricultural
and Forestry Experiment Station, Palmer.

** Agricultural Supervisor, Agricultural and Forestry Experi-
ment Station, Palmer.

daytime temperature and humidity, store excess daytime
heat for nighttime use, and prevent the escape of heat at
night. The desired result is warmer night temperatures,
resulting In less temperature variation, higher average
temperature, and incraased production.

All greenhouses were unheated, but each had some form
of automatic ventilation. Standard fans were electrically
powered and provided one or two air changes per minute,
a level at which the fans cycled even on clear days. All the
greenhouses had an open, slotted air inlet on the end of
the greenhouse opposila the exhaust fan. Automatic ven-
tilation allows the homeowner o leave the greenhouse unal-
tended for periods of up lo a few days. The less desirable
alternative is to leave the greenhouse vents open whenever
overheating might occur,

The first heat-saving feature studied was the uss of
fiberglass insulation on the north side of an east-west

Figure 1. Infrastruciure of greenhouses used from 1980-83.
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Figure 2. Greenhouses at the Paimer Research Center where heat
conservation and storage sxperiments were performed,

oriented house (fig. 3). For the curved-bow design, we in-
sulated the north wall and north roof slope of a gable-roofed
house. Insulation was 3.5 inches thick and rated at R-11
with the reflective surface on the inside of the greenhouse.

Another heat-saving modification was the use of 25 per-
cent of the greenhouse floor for storage of water barrels.
Eighteen 18-gallon brown cans were filled with water and
stacked along the north wali (fig. 4).

Figure 3. Gresnhouse with a standard fan insuiated on north side
and ends.

A third modification was designed to avoid the reduction
in floor space required for the water barrels by using the
greenhouse soll for heat storage. The method used solar
chimneys designed to convect air through a container par-
tially buried in the soil, thereby increasing heat transfer from
the greenhouse air to the greenhouse soll (fig. 5).

A fourth modification used the soil for heat storage by
mechanically circulating the warm greenhouse air into the

Figure 4. A row of 18-gallon containers collected excess daytime
heat and released it during the night, but replaced one row of
tomatoes.
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Figure 6a. Basic layout for mechanicatly venting exhaust air through
pipes burfed in greenhouse soil.

cooler greenhouse soil via a single-wall stove pips 4 inches
in diameter buried to a 4-inch depth (fig. 6).

The final modification that indirectly increased the heat
within the greenhouses was the use of solar-powered fans
(fig. 7). These fans ventilated at a considerably lower rate
than did the electric fans. The solar fans provided only
about 0.3 air changes per minute and did not cycle on and
off like the electrically powered fans. Rather, they ran con-
tinuously whenever the sun struck the solar modules.

Experimental Procedure

During the four field seasons in which this study was con-
ducted, every greenhouse, except for those using water
barrels, contained twenty-four tomate plants (variety 'Fan-
tastic’). Those with water barrels had room for only eigh-
teen plants. Plants at first bloom stage were transplanted
directly into the greenhouse soil at a 3-inch depth with
20-inch spacing. Individual tomato plants were staked at
planting time and supported throughout the growing season
(approximately June 1 to October 15) using string sus-
pended from the greenhouse ceiling (Wittwer and Homna
1979). A 16- to 20-inch buffer was left between the
greenhouse perimeter and the plants. All plants within each
greenhouse received equal applications of water and fer-
tilizer. Each house was covered with a single layer of 4-mm
polyethylene regardless of the other heat-saving measures
used. Tomatoes were harvested weekly in the early part
of the season, biweekly during the peak harvest season,
and weekly during the last portion of the growing season.
Tomatoes were considered ripe and harvested just as they
began to turn red. Soil temperatures were measured

Flgure 6b. A box buflt around a standard exhaust fan served as
a manifold to accept cooled air from the saoll pipes. Insulation
around the perimenter retained some heat with no foss of light.

periodically to determine the relative success of the soll-
warming treatments.

This study was initiated in 1980 with four greenhouses,
Treatments included a control greenhouse and one just like
it which was insulated on the north side and on each end.
One greenhouse of each type (insulated and uninsuilated),
was equipped with a bank of water barrels for solar heat
storage along the north wall.

In 1981, the experiment was expanded to six
greenhouses. Four houses employed the same treatments
as in 1980, and two additional houses were added, The
standard and insulated greenhouses added were ventilated

Figure 7. The solar fans required no oulside source of power.
Because of their low output they were placed at the peak where
they would be more effective at removing excess heat.
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with solar-powered fans. In full sunshine, the fans were
rated at 250 cubic feet per minute (cfm), or 0.3 air changes
per minute.

In 1982, the experiment was again expanded, this time
to include a treatment utilizing solar chimneys for warm-
ing the soil in standard and insulated greenhouses. The
premise was that, if solar energy could be stored in the soil
rather than in water barrels, additional plant space could
be obtained. Presumably there would also be a direct
benefit to the plants from the warmer soil environment. For
this treatment ten solar chimneys per greenhouse were in-
stalled consisting of 3-pound coffee cans buried in the soil
with two sections of black 4-inch stovepipe raised 2 inches
from the can bottom. We hoped this would move air along
the can sides as it convected upward through the stovepipe.

In 1983, the solar chimneys were replaced by an under-
ground exhaust system. With this arrangement, warm air
from near the greenhouse peak was passed through under-
ground tubes to warm the soil prior to its being exhausted
outside,

Results

Throughout the course of this study, success of a par-
ticular treatment or combination of treatments was deter-
mined using lotal tomato production as the primary in-
dicator. Soll tamperatures were taken periodically to deter-
mine if the soil-warming treatments were performing as ex-
pected. Table 1 shows the lotal production and percentage
of ripe fruit for each year.

Both of the original treatments initiated during 1980, in-
sulation and heat storage, entailed a compromise with
another desirable feature. The insulation reduced incom-
ing solar radiation throughout the day, especially In the
morning and evening. Tomato plants in the insulated
houses grew 10 percent taller and appeared to have more
lotal foliage. This phenomenon was observed in the In-

Figure 8. Gray mold (Botrytis cinersa) most likely resulting from
excess humidity.

sulated houses during succeeding years of study. Plants
in the insulated houses maintained a dark green color and
were guite vigorous, Mold on the fruit became a slight prob-
lem later in the growing season (fig. 8).

For 1980, the standard house with the water barrels out-
produced other treatments by 35 to 50 percent. This is im-
pressive, considering the reduction in growing space. The
insulated house with water barrels, however, had the lowest
total tomato production for that year. All of the modified
houses were able to provide an extended growing season
with a higher percentage of ripe fruit than the unmodified
houses.

Table 1. Tomato yields and percentage of ripe fruit for treatments in uninsulated and insulated greenhouses at Palmer Re-

search Center for 1980 through 1983.

Watar Barrals Soil Exhaust Pipe Solar Chimnay

Insulated Uninsulated Insulated Uninsulated Insulated Uninsulated Insutated Uninsulated Insulated

Standard Fan Solar Fan
Year Uninsulated
1880:
Total fruit (Ib) 13.6 88.2
Ripe (%) 24.3 65.0
1881;
Total fruit (Ib) 116.7 92.5 141.9 81.3
Ripe (%) 72.5 79.8 76.7 753
1882:
Total fruit (ib) 52.8 63.5 99.1 B4.4
Ripe (%) 68.4 61.0 77.3 46.7
1983:
Total fruit (o) 1475 131.5 187.5 140.0
Ripe (%) 55.8 60,4 859 B84.5
Avarage
Fruit (Ib) 107.5 839 142.8 105.3

1745 a6.7
58.0 58.3
107.7 949
65.6 829
701 68.2 76.4 n.z
69.8 42.0 .2 56.0
145.4 145.1 181.2 128.7
60.5 7.6 80.6 80.9
124.7 98.7
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In 1981, insulation again was of no benefit and seemed
to be detrimental. Insulated houses were more humid, no
doubt due to reduced condensation on the north wall and
decreased avenues for moist air to escape. As a result,
mold became a negative factor in fruit set and production.

Houses with water barrels again showed the highest
average yields per plant, thereby compensating for the 25
percent reduction in number of plants.

The solar fans performed well in their first year. Yields
for the houses without the barrels were 18 to 24 percent
higher for the one with a solar fan compared to those with
the other treatments. Solar fans were smaller and did not
cycle as frequently as their electrical counterparts. In 1881,
there was no thermostatic control of the solar fans, therefore
they turned on earlier in the day, even though greenhouse
temperatures were cool. Since excess humidity may have
been a major factor limiting yields with other trealments,
the operating characteristics of the solar fans may have
helped prevent water condensation on plant leaves and
fruit. These small fans allowed higher daytime temperatures
which may have carried over into the evening hours and
ultimately improved production. The treatments again
lengthened the growing season 40 days over the conirol.

in 1982, insulation was not particularly effective for most
treatments although a slight increase in yield was noted for
the insulated house with the standard fan. Yields were
reduced when insulation was combined with any other treat-
ment, especially solar fans. Water barrels resulted In
reasonable yields, especially in the uninsulated house.
Solar fans increased yields significantly over other
treatments in both the insulated (16 to 25 percent) and unin-
sulated (23 to 47 percent) houses. Solar chimneys were
secand in preduction figures Indicating they provided some
benefit. This is particularly interesting since no increases
in soll temperatures were observed. The temperature in-
side the black chimneys ranged from 95 to 100 degrees
Fahrenheit during the warmest part of the day, indicating
they were not drafting air flow through the buried container.
No condensation was ever noticed in the underground por-
tions of the device, and occasional smoke tests indicated
they were not functioning as expected.

Since the solar chimneys produced no measurable in-
crease in soil temperatures during 1882, this treatment was
replaced in 1983 when exhaust air was vented mechanically
through salil pipes. These treatments (insulated and unin-
sulated) each resulted in an average of 10 degrees
Fahrenheitl increase in soil temperature at plant root depth.
Increased soll temperatures were most apparent in the
afternoon and evening. Since routing the exhaust air
through the soil pipes required some air pressure loss, the
soll pipe treatment exhausted less air and resulted in
somewhat warmer daytime temperatures.

In 1983, all greenhouses had good yields. Weather con-
ditions were favorable, and mold was not a serious problem,
Under these conditions the insulated north bows were
detrimental. There was more yield reduction resulting from
reduced light than there were yigld increases from warmer
nighttime termperatures. The highest yields were obtained

from the solar fans or soil pipe exhaust systam in the un-
modified plastic-covered greenhouse.

Conclusions

There are several heat-conserving praclices or green-
house features that can generally be expected to increase
yields in unheated greenhouses (Ross et al. 1978). Of those
tested, warming greenhouse soil with exhaust air was most
eifective, and use of insulation was least effective. Ex-
hausting overhead air through soil tubes involved extra cost
both for the tubes and for the additional electric power 10
operate the fans against increased resistance. Cost of this
option will vary with greenhouse size and configuration. We
did not detect any significant or potential problems that
might reduce yields. Heat storage in the soil probably im-
proves plant growth and makes the otherwise lost heat
avallable for warming the greenhouse air at night.

The solar-powered fans worked well during 1981, 1982,
and 1983. Their most apparent disadvantage is the relative-
ly high cost for the solar cell. The 250 cfm solar fans we
used were rated al one air change every 3 to 4 minutes
in full sunlight and cost about $250. Far comparable ven-
tilation capacities, solar fans cost about twenty times as
much as conventional fans. However, we did find that with
solar-powered fans we could get by with lower than com-
monly recommended ventilation rates. Solar fans would
probably not be an economically sound investment If elec-
tricity were available, although the one-time investment for
a solar module and fan may be worthy of consideration in
remote areas of Alaska where electricity is unavailable or
very expensive. (Another, lower-cosl, option for automatic
greenhouse ventilation that may have polential is the solar-
powered door opener.)

Practices that stored heat above ground, such as water
barrels, were beneficial in terms of yield per plant. Although
floor space was reduced due to placement of the water bar-
rels, there would also be reduced labor in caring for eigh-
teen plants as opposed to twenty-four. Our greatest suc-
cess with the water barrels was achieved in the uninsulated
houses.

Solar chimneys were abandoned afier 1 year and re-
placed with the sail exhaust system. Since we did not record
higher soll temperaturas with solar chimneys, we do not
recommend this treatment for home greenhouse use.

The practice of insulating the north wall and roof of
unheated greenhouses for the purpose of heat retention
must be evaluated thoroughly. Reduced light levels may
result in increased vegetative growth and reduced fruit pro-
duction. Tomato plants became more spindly near the
growing point. This effect is probably more pronounced in
northern latitudes due lo the greater arc the sun travels
around the earth and, hence, the gresnhouses. [t is possi-
ble that greenhouses with gable roof designs, rather than
the curved bow design we used, could benefit from north
wall but not north roof insulation, depending on their height-
width ratio. The use of benches for starting bedding plants

Vol. 18, No. 1, 1986 35



would reduce the need for light through the north wall com-
pared to roof lighting. Heat conservation achieved by in-
sulation of foundations and any other opaque surfaces will
always be beneficial. Likewise, perimeter insulation to keep
the greenhouse soil from losing heat to the outside soil
would be helpful withaut any negative influence except cost.

Common sense and understanding of the principles in-
volved will be the gardener’'s best guide when deciding
whether or not to spend money on the heat-saving devices
discussed here. Plain, clear greenhouses work, yet they
can be improved. If improvements are costly, then yield in-
creases should be in proportion to the costs incurred. Each
greenhouse is different, and the operator's ability to im-
prove and build the improvements himself from low-cost
materials may well determine if the required investment Is
sound. Improved knowledge of how a crop reacts to the
local environmen! will enable us to develop our greenhouse
management skills.]
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Wintering Beef Cows on Alaskan Barley
And Subsequent Selenium Status

By

Leroy Ben Bruce*

Introduction dock of about .5 acre. All cows were weighed and blood

samples taken via jugular venipuncture on 20 December

Feed is the single largest cost to the beef producer. This 1984, Three animals out of each group received In-
is an even heavier burden in Alaska with a shorter grazing tramuscular selenium injections (10 milliliters of BO-SE, a
season and expensive feed. Hay or silage has long been trademark of Burns-Biotec Laboratories, Inc.). The cattle
considered the primary feed for winter- were then weighed, bled, and, for the
ing cows. In an effort to give beef pro- \ selenium-supplemented animals, In-

ducers another option, research was
conducted to test the possibility of us-
ing barley as a primary source of feed
for wintering cows in place of hay. This
research was conducted using Alaskan
feeds, which are low in selenium (Brun-
dage 1985), and selenium status was
constantly monitored. Addition of
selenium by Intramuscular injection was
compared to nontreated animals to
establish base-line Iinformation for
developing recommendations for
salenium supplementation.

jected every 28 days until 10 April 1985.
Feed samples and monthly blood
samples were analyzed for selenium
content, and feed samples analyzad for
dry matter, crude protein, neutral
detergent fiber, acid detergent fiber, in
vitro drv matter digestibility, calcium,
and phosphorus. Total digestible
nuirients (TDN) for the feeds were
estimated by regression equations
using acid detergent fiber values.

Rations were formulated to be
similar In nutrient content and to
meet suggested miniumum nutrient
levels (NRC 1984); ration formula-
tions are presented in Table 2. To avoid
feed sorting by the animals, ration com-
ponents were ground daily and mixed

Experimental Procedures

Crossbred beef cows at the

Matanuska Research Farm were used completely before feeding. Rations were
in two groups of five animals each for this study. They wera limit fed, with only enough feed placed In the feed bunks
weighed on 28 November 1984 and placed on rations of to allow each animal 19.6 pounds (hay/straw ration, dry-
brome hay or hulled barley as major components. All feeds matter basis) or 14.3 pounds (barley ration, dry-matter
with the exception of limestone, trace mineral salt, and soy- basis) daily. Enough feed bunk space (about 30 inches per

bean meal were produced at the research farm. Nutritive head} was provided to allow all animals to feed simufta-
values of feeds and ration compositions are listed in Tables necusly, and feed was spaced in even amounts through
1 and 2, respectively. Animals were allowed a 3-week ad- the bunks, ensuring that all animals had equal opportunity
justment period to their pens and rations. Each group was to feed.

housed in a three-sided barn with open access to a pad-

Results and Discussion

*Assistant Professor, Animal Science, Kgricu!tumi and The nutritive needs of beef cows are commonly ax-
Forestry Experiment Station, Palmer. pressed in terms of TDN, crude protein, calcium, and
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Table 1. Nutritive values of individual feeds fed to wintering
COWS.

Table 2. Nutritional requirements of and dietary nutritive
values and amounts fed to wintering cows.

DM'  TDN? cP Ca* P Se®

mmemeeemeeeee (U dry matier) (pphb)
Broms hay a1 85 16 48 .30 16
Barley straw 85 44 3 41 .09 36
Barigy grain 82 80 10 A7 .43 15
Soybean meal 89 B84 58 59 .73 1109
Limestone 100 0] 0 2070 © 0

! dry matter, 2 ol digestible nutrients, 2 crude protelin, * calcium, ® phosphonss,
u gabsrilim

phosphorus. There are many sources of feedstuffs that can
be used to meet these nutrient needs. This allows use of
rations of different feedstuff combinations, but not without
some limitations. Rations formulated with grains normally
carry more energy per pound than do rations with mostly
roughage. This could result in higher energy intakes than
those desired if animals are allowed to eat their fill. The
desired energy intake on a high-energy diet may be attained
by limiting feed consumption. This must be done with some
care, since the grain ration should be at least 15 percent
roughage and both grain and roughage must be ground
and mixed to prevent sorting by animals. When group
feeding this type of ration, there must be enough bunk
space to allow all animals In one pen to feed at the same
time and feed must be spread evenly across the bunks.

Table 2 shows the nutritive value and amounts fed to the
beef cows during the winter of 1984-1985. Table 3 shows
weight gain of hay and barley groups. Both performed
equally well and within desired performance expectations,
showing the viability of using barley as a base feed for
wintering beef cows. This study was not intended for
economic analysis, but feed costs per day can ba esti-
mated. Using average values reported by the Alaska Crop
and Livestock Reporting Service (1985), barley grain was
worth $3 per bushel, brome hay $160 per ton, and barley
straw about $140 per ton, Soybean meal was estimated at

Table 3. Beginning and ending weights for beef cows fed hay
or grain and selenium supplemented or unsupplemented,

Amounl provided in dry mattar

Ingradients Welght TDN CP Ca P Se
Hay ration (lbs) {pphb)
Brome hay 8.8 57 14 040 026 16
Barley straw 10.7 47 3 .033 009 38
Limestone 21 0 0 020 0 0
total 19.8 104 1.7 093 035 27
Grain ration
Barley straw 2.1 8 1 007 Doz 38
Barley grain 11.3 91 1.1 .020 .049 15
Soybean meal 5 4 3 .002 .004 1109
Limestone 3 0 0 055 0 0
total 14.2 104 1.5 .08B4 055 56
MNutrierit requiremeants
1000-ib cow 18.8 104 1.6 050 .040 100

%400 per ton. Limestone and salt were not included in price
estimates because of the small amounts used. Using these
values, the hay/straw ration cost $1.55 per head per day
to feed and the barley grain rations $1.14.

Selenium has been shown to be a necessary element for
beef cattle, but one that can also be toxic (NRC 1984), The
minimum desired level in feedstuffs for beef cows is about
100 parts per billion (ppb), and the toxic level is around 200
ppb for cattle (NRC 19B4). Alaskan feeds are low in
selenium content and pose potential deficiency problems
(Brundage 1985). Selenium |s easily supplemented by in-
tramuscular injection of liguid selenium or by using feeds
with a high selenium content. Table 4 shows the amount
of selenium in the blood of the beef cows at the start and
end of this trial. The normal level is about 80 ppb in blood,
and blood values are considered a good indicator of
selenium status.

Table 4. Beginning and ending blood selenium content for
beef cows fed hay or grain and selenium supplemented or
unsupplemented,

Cow weight Amount of selenium in cow blood
Selanium No selenium Averages Selenium No selenium  Avarages
(Ibs) (PPO) -
Brame hay ration Broma hay ration
December 20, 1984 1031 1131 1071 December 20, 1984 18 23 20
April 10, 1885 1083 1128 1107 April 10, 1985 67 -3 49
Galn or loss +62 -3 +36 Gain or loss +44 0 +29
Barley ration Bariey ralion
December 20, 1984 1125 1093 1112 December 20, 1984 20 25 22
April 10, 1985 1172 1178 1174 April 10, 1985 80 48 67
Gain or loss +47 +85 +62 Gain or loss +60 +23 +45
Avarages Averages
December 20, 1984 1078 1112 December 20, 1984 19 24
April 10, 1985 1132 1153 April 10, 1985 74 35
Gain or loss +54 +41 Gain or loss +55 +11
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These cows, which had been maintained prior to the trial
solely on Alaskan feeds, were seienium deficient when the
trial started. While no overt physical symptoms of selenium
deficiency could be seen, their conception rate was only
30 percent. This cannot be linked positively to selenium
deficiency, but is normally considered a symptom. Table
2 shows the selenium content of the rations. Both rations
were below the accepted 100-ppb requirement for beef cat-
tie diets. Selenium-injected cows showed a marked in-
crease in blood selenium content, but were still below the
desired level. The monthly injections of 10 milliliters per
head of BO-SE was not enough to restore acceptable
selenium status. The cattle wintered on the barley diet had
substantial increases in blood selenium content over the
hay group (table 4). Apparently, the soybean meal, which
was added to the barley diet as a protein supplement, con-
tained enough selenium to raise the blood values. The soy-

bean meal component in the diet was small, and this in-
dicates that only small amounts of feed with normal
selenium content are needed to raise blood levels.
Future research will establish correct supplementation
levels with selenium injections for Alaskan cattie as well
as investigate supplementing with feed components, [

References

Alaska Crop and Livestock Reporting Service. 1985. Alaska
Agricultural Statistics 1985, Palmer, Alaska.

Brundage, A.L. 1985. Status of selenlum in Alaska. Agroborealls
17(1):41-42.

National Research Council. 1884. Nutrient Requirements of Beal
Cattle. Nationa! Academy Press, Washington, D.C.

Vol 18, No. 1, 1886 39



Feeding Tanner Crab Meal to
Holstein Dairy Calves

By
Arthur L. Brundage*

Feeding experiments at the Palmer Research Center
have shown that both king crab meal and tanner crab meal
can be substituted for soybean meal in concentrates fed
o lactating dairy cows (Brundage et al. 1981, 1984).
However, we have recommended that crab meals be limited
to 15 percent in concentrates because higher levels re-
duced total feed intake and animal performance.

| have also studied the use of tanner crab meal to replace
soybean meal in concentrates fed to growing Holstein
heifers and steers. In this expariment, thirty-two heifers and
thirty-two steers wera fed one of four different concentrates
in groups of four from 8 weeks to 1 year of age. The ex-
periment was conducted for 2 years; four pens of four
heifers and four pens of four steers were fed each year,
Concentrates wera mixed 1o contain 20 to 21 percent pro-
tein. The control concentrate contained 19 percent soybean
meal and no tanner crab meal. The other three concen-
trates were formulated so that protein in tanner crab meal
replaced 25, 75, or 100 percent of soybean meal protein.

*Professor of Animal Science?émeritus. Agricultural and
Forestry Experiment Station, Palmer.
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These three concentrates were 14, 5, and 0 percent soy-
bean meal and 7.5, 22.5, or 30 percent tanner crab meal,
respectively. Table 1 lists the composition of the four con-
centrates fed, and Table 2 lists the chemical analyses of
tanner crab meal, the four concentrates, and the hay and
silages used in the experimant,

All calves were placed In outside hutches at birth and
fed 8 pounds of milk daily, plus calf starter and hay. Calves
wera weaned at 6 weeks of age and fed the same concen-
trates until 8 weeks when they were {ad 4 pounds of the
experimental concentrates daily, plus roughage free choice.
Grass hay was fed until calves wera 6 months old, and
grass or barley/oat silage was fed thereafter. Male calves
were castrated at 2 weeks of age and moved to groups of
four in larger, outside hutches when they were 8 weeks old.
Haifar calves were moved from hutches to free-stall pens
of four animals each in our warm, controlled-environment
barn when they were 8 weeks old.

Calves were weighed and measured for wither height,
heart girth, and paunch girth at B weeks of age and every
4 weeks thereafter. Linear regression coefficients for
liveweight and body measurements on time were calculated
and found to be highly significant; increases in weight and



Table 1. Ingredient composition of concentrates.

Table 3. Weight, wither height, heart girth, and paunch girth

Concentraies of 1-year-old Holstein steers and heifers fed four different
concentrates.
0% 75%  225% 300
ingredients TCM! TCM TCM TCM 0% 7.5% 22 5% 30%
%) TCM! TCM TCM TCM
Corn 498 4.9 4.9 4.7 e SIOTG e
Barley 450 450 450 450 Weight (Ib) 758 699 700 674
Mixed feed oats 10.0 8.3 29 0 Wither height (in} 49.5 47.8 47.3 47.2
Alfalfa meal 10.0 10.0 100 100 Heart girth (in) 66.1 63.9 64.8 834
Linsead meal 7.5 7.6 75 7.5 Paunch girth (in) 82.1 80.2 80.0 808
Soybean meal 19.0 14.0 6.0 -0 Hellers sl
Molasses 20 2.0 20 2.0 :
_ Wither height (in) 487 47.9 47.9 48.7
Monocalcium phosphate 4 Q 0 0
Heart girth (in) 63.1 63.2 629 63.8
Dicaicaim plepptiie 4 o 0 9 panchgnn(n) 777 780 772 768
Trace mineral salt 8 B a B : - x :
Vitamin A {2000 1U) : TTirmer crab masl.
Vitamin D, (8000 U}

"Tanner crab maal.

body measurements between 8 weeks and 1 year of age
were best expressed by straight lines. Linear regression
coefficients calculated for each animal were used in the
statistical analysis of weight and measurement data, defin-
ing the 2 years and the four concentrates as main effects
influencing calf growth, In addition to the interaction of year
of experimant with concentrates fed. Data from the heifer
and steer groups were analyzed independently because
calf sex was completely confounded with degree of en-
vironmental stress: heifers were raised inside the barn;
stears were raised outside in small, open shelters. It was
impossible to measure indlvidual feed consumption
because calves were maintained and fed in groups of tour,
but routine observations were made on the apparent ac-
ceptability of the four different concentrates to groups of
calves.

Adding up to 30 percent tanner crab meal to concentrates
did not appear to affect adversely their acceptability to
either steers or heifers. When the sama concentrales were
fed to lactating Holstein cows in greater quantities, 22.5 and
30 percent tanner crab meal reduced acceptabllity (Brun-
dage et al, 1884),

Table 2. Chemical analyses of ration components.

Ragression cosfficients calculated for weight and body
measurements relative to time were used to estimate weight
and body measurements for heifers and steers when 1 year
old, These estimates are shown in Table 3. Heifers fed con-
centrates containing tanner crab meal waighed less at 1
year than those fed concentrates with no crab meal, bul
differences were not significant. Regressions of wither
height on time were significantly different for heifers fed dif-
ferent concentrates, but the magnitude of wither height dif-
ferences al 1 year appeared o be of little biological con-
sequence,

Ditferences between regression coefficients for waight
gain In steers were statistically significant. Steers fed con-
centrates containing sither 7.5 or 22.5 percent tanner crab
meal waighed 60 pounds less at 1 year than those fed no
crab meal. Those fed 30 percent crab meal weighed B0
pounds less than those fed none. With the exception of
weight gains, steers were not significantly affected by diets
fed.

Steer heart girth was significantly greater the second
year; otherwise, year of experiment had no effect on steer
growth, Heifer weight, wither height, heart girth, and paunch

0% 7.5% 22.5% 0%
Analysis TCM? TCM TCM TCM TCM Hay Silage
Dry matter (%) 87.6 88.0 89.1 89.2 91.5 83.8 36.2
{dry basis)

Cell wall (34) 287 256 258 272 233 67.0 67.3
Acid detergent fiber (%) 1.5 128 12.9 14.8 20.2 336 38.9
Lignin (%) 2.3 2.3 17 20 12 3.6 6.0
Callulose (%) 8.8 98 10.2 113 18.9 28.2 30.2
In vitro dry malter disappearance (%) 81.8 80.5 80.5 79.8 75.5 67.7 56.0
Crude protein (%) 200 209 211 21.3 0.8 12.4 11.4
Calcium (%) 0.76 1.65 3.42 4,11 14.02 0.24 0.23
Phosphorus (%) 0.55 0.54 0.758 0.75 1.71 0.53 .68
Metabolizable energy (Mcaliib) 1.43 1.40 1.40 1.39 1.30 1.13 0.83
*Tanner crab meal,
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girth were all significantly greater the second year of the
experiment. There were no significant interactions between
year of experiment and concentrate diets fed to either steers
or heifers.

Results from this study suggest that tanner crab meal
can be fed to Holstein heifers as 30 percent of the concen-
trate portion of the diet without adversely affecting growth
when animals are housed in a warm barn. Results also sug-
gest possible reduction in rate of gain when tanner crab
meal is included in diets fed to Holstein steers housed out-
side with minimal shelter throughout the year. Because
steers and heifers ware maintained under differant hous-
ing systems throughout this study, results do not define
possible interactions between sex and concentrates fed that
are not completely confounded by conditions of the experi-
ment. Adding tanner crab meal up to 30 percent of the con-
centrates fed did not appear to affect adversely palatabili-
ty of diets to either steers or heifers. In Alaska, where tan-
ner crab meal is produced and more traditional protein sup-
plements, such as soybean meal, must be imported, there
is an economic incentive to use tanner crab meal to replace
soybean meal if the unit price for protein Is less in the former
than in the latter.| |
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Introduction oversee coordination, but small entities, like village corpora-

Who's planning Alaska? The Cooperative Extension Ser-
vice (CES) at the University of Alaska recently published
a handbook to answer this question. Called Who's Plan-
ning Alaska: The Alaska Planning Directory, the document
summarizes land plans prepared by federal and state agen-
cies, boroughs and cities, and Native corporations in
Alaska.

The need for the directory first became evident in 1984.
Al that time, CES recognized that a great number of land
plans had been completed since 1980 and that many more
plans were in progress or anticipated in the near future,
CES recognized that although these plans influenced the
people and land throughout rural Alaska, there was very
little documentation on them. Each agency kept its own
records; there was no central source that planners or the
public could turn to for information. Only a few professional
planners employed by large agencies knew what was
happening.

The lack of documentation was causing two problems
that interested CES. First, it complicated coordination
among planning groups and their plans. Coordination re-
quires time, money, and personnel. Large agencies are
usuglly better able to hire professionals specifically to

*Assistant Professor, Land Resources Planning, School of
Agriculture and Land Resources Management, Falrbanks.

tions, can face an unacceptable burden. As a result, plans
are not always compatible. Given the complex land owner-
ship pattern in Alaska, incompatible plans may seriously
hamper future land management and resource develop-
ment efforts in Alaska.

Second, the large number of plans were overwheiming
the public. Without adequate documentation it had besen
nearly impossible for people to keep up with the plans as
they were being initialed, prepared, reviewed, and put into
action. Not only were there many plans, but each agency
was using a different planning process and differant terms,
Even for professional planners, the procedures and jargon
of ather agencies often posed a barrier to communication.
The variety of plans, each with its own outline and
language, easily confused the public. Given the number
and character of the plans, and the great distances and bad
weather separating people from planners, participation was
often less than ideal.

Both problems fit within the scope of CES responsibility:
to provide information to people that will help them make
better decisions in their personal life and in their community.
In the summer of 1984, CES authorized preparation of the
directory.

Background

A series of laws passed over the last 26 years created
the racent surge in land planning. These laws established
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planning units and either required or encouraged land plans

for these units. The major laws and their effect on planning

are:
* The Federal Housing Act of 1954 required that a com-
munity prepare a comprehensive or master plan as a
prerequisite to receiving federal urban renewal and hous-
ing funds. Boroughs and cities were affected. The first
plans were completed in the mid-1960s with other com-
munities completing plans at a relatively uniform pace
ever since.
« The Alaska Statehood Act of 1958 gave the state the
right to select 104 million acres from the public
domain—the 370 million acres (299 percent of the state)
then managed by the Bureau of Land Management
(BLM). This act, unique among the fifty states, contain-
ed a special title on natural resources that required the
Department of Natural Resoures (DNR) to classity and
plan state lands once they were received. Several DNR
divisions are now actively involved in land planning.
= The Alaska Native Claims Settlement Act (ANCSA) of
1971 established 12 in-state, land-holding Native cor-
porations (and one out-of-state, nonland-holding corpora-
tion) and more than 210 village corporations. It autho-
rized these private, “'for-profit” corporations to select 44
million acres from identified public domain. Each of the
regional corporations and many of the village corpora-
tions are now involved in land planning.
= The federal Coastal Zone Management Act of 1972,
supplemented by the Alaska Coastal Management Act
of 1977, encouraged local governments to include
federal coastal goals in their comprehensive plans. The
program involves twenty-eight boroughs and cities and
five special ''coastal resource service areas' that repre-
sent parts of the unorganized borough. Each of thirty-
three coastal districts has been actively planning.
* The Resource Planning Act (RPA) of 1974, augmented
by the national Forest Management Act of 1876, required
the US Forest Service lo prepare national, regional, and
forest level plans. In Alaska, the Forest Service manages
24 million acres in two national forests, the Chugach and
Tongass of southcentral and southeast Alaska, respec-
tively. Both forests have well developed planning pro-
grams.
* The Federal Land Policy Management Act (FLPMA)
of 1976 changed the Bureau of Land Management's
operating goals from land disposal to land management.
The act required BLM to prepare comprehensive plans
for the land it will retain following the Alaska National
Interest Lands Conservation Act and selection by the
state and natives. The BLM Is in the process of prepar-
ing the required plans,
« The Alaska National Interest Lands Conservation Act
(ANILCA) of 1980 established thirteen national parks and
preserves; sixteen national wildlife refuges; two recrea-
tion and conservation areas; and numerous wild and
scenic rivers, wilderness areas, and other special areas.
The act required that the managing agency prepare a
comprehensive plan for each unit. The National Park
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Service is near completion of its plans; the US Fish and
Wildlife Service expects to complete all plans by 1988,

With each act the number of land units and the pressure
to prepare land plans increased. Although some munici-
palities began planning in the mid-1960s, uncertainty about
which agency or corporation was to receive what land ef-
fectively prevented planning until this decade. The primary
source of delay was ANCSA which established the Joint
Federal-State Land Use Planning Commission to study
lands in Alaska that have national interest. The commis-
sion's task focused federal, state, and Native attention on
the selection process during the 1970s. Only after ANILCA
clarified which lands the federal government would retain
in 1980 could planning for most of Alaska's land begin in
eameast,

Thus, although the legislative mandate for planning ex-
tends over three decades, planning for most of Alaska lands
has just started. And although this surge is less than five
years old, it has already transformed the majority of
Alaska's land from “unplanned” to “planned." In the haste
to get plans completed, no one, until now, has taken
responsibility for documenting all of the many planning
efforts.

The Collection Process

The first CES action was to define the scope of the direc-
tory in three areas: subject matter, planning scale, and en-
tity (agency or corporation) involved. Concerning subject
matter, the directory focuses on land plans, often called
land use, general, comprehensive, or master plans. In com-
piling the directory, CES's intent was to Identify manage-
ment units and their associated plans. This focus excluded
a variety of narrower plans and studies, such as transpaor-
tation plans, capital improvement plans, business plans,
resource inventories, and management plans for specific
plant or animal species.

Land plans can range in scale from nationwide to site.
The directory focuses on larger plans, including those on
a natlional, statewide, regional, or area scale. An exception
is made for small municipalities and village corporations
for which a primary land plan may cover a few hundred to
a few thousand acres.

The directory looks at four major groups of planning en-
tities: federal agencies, state agencies, municipalitites, and
Native corporations. Subgroups for federal and state agen-
cies include only those with direct, substantial, land-
planning responsibility. Agencies with minor holdings, such
as the University of Alaska, with about 130,000 acres, were
not included. The directory includes all muncipalities and
Native corporations even though second-class cities and
private corporations have no legal mandate to prepare land
plans. Some of both groups have prepared or are prepar-
ing plans. They were included to help further the directory's
goals of improved coordination and participation.



Data for the directory come from several sources. First,
other sumrmaries of plans and studies provided a beginning.
Of particular value were reports by the Arctic Environmen-
tal Information and Data Center (AEIDC 1984), the state
Department of Community and Regional Affairs (CRA
1982), the state Office of Managmenet and Budget (OMB
1984), and professionals (Jaeger 1984).

Second, libraries of the University of Alaska-Fairbanks,
the Alaska Resources Library in Anchorage, and the
Department of Community and Regional Affairs (which
assists local communities with land plans) added to the list.
The library search substantiated the need for better
documentation: no more than 50 percent of listed plans
were available in any single library.

Third, the agencies or entities themselves provided data.
Federal and state agencies corrected a draft list sent to
them; boroughs and regional Native corporations corrected
a draft list over the phone; and, the first- and second-class
cities and Native village corporations responded to a mailed
questionnaire.

The present list of plans is still considered a draft. CES
policy requires that the first publication of such summaries
encourage corrections and revisions, Comments and cor-
rections received will be combined with more accurate and
detailed maps and superior printing to produce a "final"'
dooument In 1986. After thai, CES will update the direc-
tory on a pericdic basis.

Summary of Plans

Who's Planning Alaska: The Alaska Planning Directory is
divided into four sections: federal agencies, stale agencies,
municipalities, and Native corporations. Each section is fur-
ther subdivided into major planning entities. Far each enti-
ty there is a brief description of their reason for planning
(including the applicable legislation) and the types of plans
they prepare. For agencies and municipalities there is a list
of plans completed or in progress and a contact person.
For Native carporations, the presence of a plan is simply
noted with an asterisk with a contact provided. Maps show-
ing planning units and management units, if different, are
provided where available,

The directory Includes both primary and secondary land
plans. A primary plan meets one or more of three criteria:
(1) it is of national, state, or regional interest; (2) it is the
central, comprehensive pian for a community or corpora-
tion of any size; or (3) it involves public particiption as a
legal requirement. Thus, primary plans may include the en-
tire state or they may represent a small community.

Secondary plans may not meet one or more of the
criteria, but they are still, clearly, major land plans and often
have substantial public interest. Most secondary plans in
the directory are either subplans of a primary plan or are
plans prepared under special legislation or administrative
action. The summary thal follows concerns only primary
plans.

Federal Agencies

Four federal agencies, the Bureau of Land Management,
Forest Service, National Park Service, and Fish and Wildlife
Service, prepare plans for almost 220 million acres (59 per-
cent of the land In Alaska). Other listings In this section in-
clude the Department of Defense (DOD), Coastal Zone
Management (CZM), and Alaska Land Use Council (ALUC).
DOD manages several million acras on five military bases
and one flood-control/recreation project. CZM and ALUC
are included here because they originated with federal acts.
Although CZM goals are implemented through community
plans, they are considered "primary'’ and are included in
the summary because of their high level of public participa-
tion. The ALUC conducts a wide range of studies and plans.
Only the Bristol Bay Regional Plan, however, is considered
a true land plan and is included.

Table 1 lists these agencies, the acreage they manage,
the number of planning units or plans involved, and the
number of plans complete or In progress. In some cases
the number of planning units or plans Is not the same; when
this occurs the larger number Is used. The acreage figure
for CZM is an estimate of the amount of land actually in-
fluenced by CZM goals. Acreage for ALUC is for the Bristol
Bay Management Pian. CZM and ALUC figures are in
parenthesis because they overlay othar planning units and
are not used when determining total acres.

Table 1. Summary of federal agency primary plans.
Acres Plans/ Plans

Plans In

Federal agency (millions) units completeé progress
Bureau of Land Management B85 10 6 4
Forest Service 24 5 5 0
MNational Park Service b2 13 18 o]
Fish and Wildlife Service 77 16 5 8
Department of Defense 2 B 6 0
Coastal Zone Management (100) 38 16 16

Alaska Land Use Council (31) 1 1
Total 220 B4 52 26

The Bureau of Land Management has several older com-
plete plans that must be redone to meet FLPMA re-
quirements. The anticipated revisions are not Included in
the column labeled ''Plans Complete." Of the National Park
Service plans, four are complete and approved and nine
are presently out for public review. All Park Service plans
are listed as complete, however,

State Agencies

Three divisions of the Department of Natural Resources
prepare land plans. The Division of Land and Water
Management is responsible for the vast majority of the
state’s 104 miilion acres (28 percent of the state). The divi-
sion prepares the statewide natural resource policy plan,
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the state's regional river basin plans, and special area
ptans. The Division of Parks and Outdoor Recreation
prepares two types of statewide plans and has prepared
ar is preparing several regional plans. It manages 110 parks
of which 10, totaling 4 million acres. have master plans that
meet the "primary” criteria. The Division of Forestry
prepares a statewide forest plan and general plans for its
two forests.

The state is also involved in planning through the Depart-
ment of Community and Reglonal Affairs, Division of
Municipal and Regional Assistance. This division helps
groups of communitities prepare regional plans. (It also
helps individual communities prepare comprehensive
plans, which is discussed in the next section.) Table 2 sum-
marizes the primary plans preparad by state agencies. The
Community and Regional Affairs acreage figure is an
estimate. The figure is in parenthesis because it overlays
other planning units and is not included in the total,

Table 2. Summary of state agency primary plans.

Acres Plans/ Plans Plans in

State agency (milllong) units complete progress
Land and Water Division a8 20 8 5
Parks Division 4 15 12 0
Farestry Division 2 3 2 1
Community/Regional Affairs  (80) 5 1 4

Total 104 43 23 10
Municipalities

In Alaska, the term “municipality'’ includes boroughs and
cities and combined boroughs and cities called unified
home-rule governments. This section Is presented in five
parts: (1) unified home-rule governments, (2) boroughs, (3)
home-rule cities, (4) first-class cities, and (5) second-class
cities. Of this group all have the cbligation to prepare land-
use plans except the single third-class borough (Haines)
and second-class cities. Boroughs are responsible to plan
for cities within their boundaries.

Boroughs and cities, unlike federal and state agencies,
are primarily involved in planning of private land. Although
the boroughs encompass 93 million acres (25 percent of
the state) over 95 percenl of this acreage is managed by
the federal or state government or by Native corporations.
Hence, acreage figures shown in Tabie 3, in parenthesis,

Tabie 3. Summary of municipal primary plans.
Acreéage Plans! Plans

Plans in

Municipality {(milllons] units complete progress
Unified home rule (16) < | 3 0
Boroughs (78) 7 7 0
Homea-rule cities n.a. g 7 0
First-class cities n-a 21 16 3
Second-class cilies na 116 29 20

Total (94) 156 62 23

are not included in the final tabulation. Acreage figures for
cities are not available, but the total is considered minaor.
The number of "plans in progress" is an estimate based
on questionnaire responses.

Native Corporations

ANCSA permitted Native regional and village corpora-
tions to select 44 million acres (12 percent of the state).
The corporations, as private businesses, have no obliga-
tion to prepare land plans or to make them public. All twelve
land-holding regional corporations are invalved in land plan-
ning, but only two are thought to have completed the
equivalent of a comprehensive plan for their land.

Although ANILCA established 210 village corporations,
mergers with regional or other village corporations have
reduced this number to 177, (A recent merger not includ-
ed in the draft summary further reduces this number to 168.)
Most village corporations are still involved in the convey-
ance process even though they have received the bulk of
their entitlement. Less than twenty villages have completed
land plans but many more are in progress, or are an-
ticipated (table 4},

Table 4, Summary of Native corporation primary plans.

Acras Plans/ Plans Plans in
(millions) units complete progress

Nallve carporation

Regional corporations 16 12 2 10
Village corporations 28 177 19 30
Total el 189 21 40

Table 5 summarizes tables 1 through 4, Alaska is now
divided Into 472 primary planning units. Each unit, at least
potentially, Invalves a land plan. Of this number, 436 are
autonomous units and 39 (including CZM, ALUC, and CRA
plans) overiay other units. Boroughs are considered
autonomous In this count as each borough pians for one
or more autonomous city(ies). A total of 158 plans are com-
plete, and 101 are in progress. Assuming all planning units
evenlually complete plans, there are 213 additional plans
yet to be initiated. Not all entities must plan, however. Ona
borough, 116 second-class cities, and all 182 Native cor-
porations have no legal obligation 1o prepare land plans.

Table 5. Summary of primary plans by section.
Agras  Plans/

Plans Plang in

Summary (miliions) unite complate progress
Federal agencias 220 84 52 28
State agencies 104 43 23 10
Municipalities 156 G2 23
Native corporations 44 189 21 40
Total all plans 368 472 158 10
Not required 44 308 50 50

Total required plans 324 166 108 51
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Discussion

Although the directory was prepared as a tool for coor-
dination and participation and not as a research study, it
provides several insights into Alaska's land planning. First,
it is apparent that Alaska is midway in preparation of plans,
at least in terms of gross numbers. Of the 472 total plans,
46 percent have not been started. Assuming all entities with
land units prepare plans, there |s still substantial work to
be done. This assumption is supparted by the large number
of “not-required” plans already complete or anticipated.
Maost required plans, however, are either complete (65 per-
cent) or in progress (31 percent), leaving only 4 percent yet
to be started. The large number of pianning units without
plans should support a high levei of planning well into the
1990s.

Second, the large entitites are far ahead of the small en-
tities in number of plans complete or in progress. Federal
agencies have completed or have In-progress 95 percent
of their plans, state agencies 75 percent, municipalities 54
percent, and Native corparations 32 percent. Second-class
cities and village corperations have the advantage of us-
ing data collected by larger entitities, but they may also
have the disadvantage of having to work with, or around,
established plans.

Third, most of Alaska's land has already been planned
by federal and state agencies. Although almost half of all
plans have not been started, the existing plans represent
about 300 million acres, or 80 percent of the state. Most
of Alaska can now be considered “planned."

Fourth, the number of plans and the acres planned has
jumped dramatically in this decade. Prior to 1980 there were
probably no more than 50 primary plans, mostly borough
and city comprehensive plans. An additional 100 plans, in-
cluding the major federal and state plans, have been com-
pleted in the past 5 years,. The change from “unplanned”’
to “planned’ has been very rapld.

Fifth, land-use planning efforts are not likely to diminish
in Alaska in the forseeable future. There are many primary
plans yet to complete; there are numerous primary plans
that require specific subplans as part of their implementa-
tion; and all plans need periodic updates, often as frequent-
ly as every other year.

Sixth, Alaska’s lands are publicly owned. With the ex-
ception of that land owned by Native corparations, less than
2 million acres (.5 percent) is privately owned. The large
number of plans and the acreage involved express the fact
that Alaska Is, and will be, a state planned and managed

through government agencies—and agencies use plans to
make and justify declsions.

Conclusion

Alaska, in a single decade, has gone from a state with
almost no planning, i.e., the “'Last Frontier,” to a state
dominated by plans. Alaska has experienced more plan-
ning in 5 years than most other states have seen in the past
50 years. The reasons are many. Alaska has far more public
land than other states, and public land Is managed through
plans. Also, Alaska has special legislation, particularly ANC-
SA and ANILCA, which created management units and re-
quired plans.

Since 1980, Alaska has been caught up in a flood of
plans. Who's Planning Alaska: The Alaska Planning Direc-
tory has caught the first stream of plans midfiow. Once the
surge is past, however, there will be a steady flow of plans
for an indefinite period. CES will update the directory
periodically to keep the document current and accurate.
With this publication, both agencies and public alike will
be able to answer the question, “Who's Planning
Alaska?"' [
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Introduction i

Winter recreation has increased dramatically in the
United States in recent years. Cross-country skiing has
become one of the most rapidly growing winter recreational
activities. Prior 1o 1960, almost anything written about cross-
country skiing had to be prefaced with explanatory remarks.
More recently, the activity has become very popular, par-
ticularly in the snowbelt regions, and most people know
what “'‘cross-country'' or “Nordic™ skiing implies. Winter
recreation management has focused on this activity out of
necessity, but unfortunately recreation management
research has not kept pace. The study reported here is a
response to the need to better understand skier behavior
and preferences.

Cross-country skiing first began in the Scandinavian
countries approximately 4,500 years ago. Laplanders used
skis for hunting and herding of reindeer. Skis provided an
efficient means of transportation for survival and work in
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-+ snow country. Norwegian miners introduced skis to the U.S.
in California in 1840, and in 1850 they organized the first

races in the Sierra Nevada (Brady and Skjemstad 1974),
Hardy Scandinavian homesteaders and miners brought ski-
ing to other locations in the U.S., including Alaska.

Popularity of cross-country slding grew slowly in the U.S.
until the late 1960s and early 1970s. A running and health
craze swept through the country in the 1970s, and Nordic
skiing logically extended the running season through winter
months in the snow belt regions. Exercise physiologists now
know that Nordic ski racing is one of the best overall
physical conditioning activities. Participants also discovered
that cross-country skiing can be a peaceful and satisfying
way to enjoy the out-of-doors during the winter.

Consequently, cross-country ski sales increased ex-
ponentially during the 1970s. In 1966, an estimated 8,500
pair of Nordic skis were sold in the U.S., but in 1971 about
170,000 pair were sold. Over 350,000 pair were sold dur-
ing the next year (Brady and Skjemstad 1974), and sales
have continued to increase.

A similar pattern has emerged in Alaska. The authors of
the 1981-85 Alaska Recreation Plan state that about 25 per-
cent of the 60,000 residents of the Interior participate in
cross-country skiing (Alaska Division of Parks 1985). The
total number of skiers should continue to increase since



Table 1. Summary of participation variables for recreational and racing skiers.'

Recreational Racing
I_-‘_'anicipaliun variable Variable category Mumbers Percent Numbers Pargent
Total years skiing First Year 31 15.3 4 4.9
2 or more years 171 847 78 951
Frequency participated/month? 2 limes or less 56 28.0 1 1.2
maore than 2 times 144 72.0 a3 98.8
Miles per day? 15 miles 153 75.7 18 22.0
6 or more miles 49 243 64 78.0
Type of group? Alane 70 347 a2 39.0
Small Group 93 46.0 41 50.0
Family 29 14.4 0 0.0
Other 10 5.0 g 11.0
Primary activites Skiing only 176 871 74 1.4
Ski and camp 16 78 5 6.2
Ski and other 10 5.0 2 25

'N =284, but "no-response’’ cases have been omitted. Percentage caleulanons are bassed only on Bobive reasponses.

iSagnilficant differance & the .05 level of chi-square

the population in the Fairbanks vicinity has been projected
to increase to 90,000 by 1990. In addition, improved
facilities, easier access, and better equipment continue to
attract more and more participants.

The early Nordic skiers in the Fairbanks community in-
tegrated the activity into their lifestyles by commuting to
work places and schools on skis. The Skarland Ski Trails,
for example, were developed between the University of
Alaska and outlying residential areas. In 1965 Lathrop High
Schoal initiated the Skiathon, a citizen race which follows
partions of the Skarland Ski Trails. The Nordic Ski Club of
Fairbanks sponsors an increasing number of Nordic ski
events each winter including ski clinics, ski tours, the
“Turkey Day Relays,” the "Breakup Triathlon,” and the
55-kilometer “‘Chena Hot Springs Hiihto.” During March
of 1984 Fairbanks hosted the final World Cup Race at Birch
Hill—a race in which many of the world's finest Nordic
skiers competed. In addition to trail skiing and racing, many
cross-country sklers travel to nearby open slopes to prac-
tice such Nordic downhill techniques as the celebrated
Telemark turn. But most of all, interior Alaskans cross-
country ski purely for recreational enjoyment of the greal
outdoors during the winter,

The Study

A “self-administered’’ questionnaire was developed o
sample cross-country skier preferences for landscape
features, facllities, services, and management policies. Us-
Ing the questionnaire, a survey of cross-country skiers in
the vicinity of Fairbanks was conducted at nine cross-
country skier locations during the winters of 1983-1984 and
1984-1985. Three primary classifications of cross-country
skiers were |dentified for sampling: recreational, racing, and
mounialneering. Skiers were asked to classify themselves
according to their normal patterns of participation and res-
pond to the questionnaire based on their chosen mode of
participation. Too few of the survey respondents identified
themselves as mountaineering skiers for statistical pur-
poses, and consequently this group was deleted from fur-
ther analysis. A statistical comparison of the preferences
of recreational (n=202) and racing (n=82) skiers was
made. The general behavior patterns and landscape and
management preferences of the twa classes wera com-
pared using Chi-square analysis (o determine whether the
differences were sufficient to warrant separate manage-
ment programs. These data, presented in the following sec-

Table 2. Summary of environmental preferences lor recreational and racing skiers.’

Racreational RAazing
Enviranmental variable Praference category Numbears Percant Numbers Parcant
Landform2z Flat to gentle 56 29.0 10 128
Rolling hills 101 523 47 60.3
Mountainous 14 7a 10 128
No preferance 22 11.4 11 141
Vegetation type Spruce 10 5.2 6 79
Hardwoods 14 7.3 8 10.5
Spruce-Hardwood 97 50.5 as 43,4
Other 22 115 o 11.8
No Preference 49 25.5 20 263

'N=284, but “rioresponss’” cases have been omitied. Parcenage Caiculstions ara based only on active responses.

Stanstically ssgnificant & the 0.05 level of chi-stuare.
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Table 3. Summary of facility development preferences for recreational and racing skiers.'

Racreational Racing
Facility development vanable Praferance category Numbers Parcent Numbegrs Parcant
Trails No trails 7 3.7 [¥]
Developed trails 159 B83.7 73 94.8
No preference 24 126 4 5.2
Trail length 0-3 miles 21 13.3 7 10.0
4-8 miles 95 60.1 38 54.3
10 or mare 42 26.6 25 35.7
Parking Yes 107 56.3 41 53.2
No 83 43.7 36 46.8
Trall marking Yes 114 60.0 55 M4
Mo 76 40.0 22 286
Overnight shelters Yes 45 237 10 13.0
No 145 76.3 67 87.0
Trail lighting? Yes 64 337 57 740
Mo 126 86.3 20 26.0
Warmup hut? Yes 64 33,7 52 67.5
No 126 66.3 25 325

N=284, but “noresponse’’ cases have besn omitied. Perceniage calculations are based only on active responsas

Siatstcally significant al the 0.05 level of chi-squars.

tion, should help managers better understand the specific
needs of recreational and racing cross-country skiers, par-
ticularly with regard to appropriate management strategies.

Results

The results of all comparisons are presented In tabular
form. Those displaying statistical significance are identified
and discussed in more detall. Since this was an exploratory
study, all results may be important from a management
perspective.

Participation Patterns of Skiers

The variable measured in terms of participation patterns
are shown in Table 1. Most skiers of both classes had two
or more years of skiing experience.

Differences in participation patterns between the lwo
skier classes show, in frequency of participation, skiing
distance per day and type of group. The racing skier par-
ticipated much more frequently and skied greater distances.
The significant difference for type of group may be at-
tributed to the lack of family participation as a group in rac-
ing skiing.

Environmental Setting

User preferences for landform and vegetation type are
shown in Table 2. Skiers generally preferred rolling hills;
however, preference for landform by the recreational skier
was skewed more to the flat-to-gentle category. The spruce-
hardwood mixture was the vegetation type preferred by
both classes of skiers. It must be noted, however, that
greater than 25 percent of each skier classification show-
ed no preference for vegetation type.

Table 4. Summary of service preferences for recreational and racing skiers.!

Recreatlonal Racing
Sarvice vanable Preference category Numbers Percant Numbers Percent
Snow remaoval at parking Yes 100 52.9 36 46.8
No 89 471 41 53.2
Brush, limb removal Yes 106 56.1 52 7.5
No 83 439 25 325
Trail grooming? Yes 105 55.6 69 89.6
Mo B4 4444 8 10.4
Food concession? Yas 13 6.9 23 29.9
N 176 931 54 701
Safaty, maintenance patrof Yes 18 10,1 17 221
No 170 89.9 60 7748

W =284, bt "no-response’’ cases have been omitted. Percentage calculations are based only on active responses

*Sigriilicant ditferance at the 0.05 level of chi-squars,
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Facility Development

Facility development often plays a critical role In user
choice to participate, assuming the environmental setting
is attractive (Jubenville 1986). But it is also the most ex-
pensive capital outlay; thus, it is important that the manager
understand the percelved needs of the user. Table 3 sum-
marizes facility preferences. All skiers preferred developed
trails, with medium length (4-9 miles) the most preferred.
Trall markers and parking were preferred by both classes,
whereas ovarnight shelters were not deemed necessary.

The perceived need for trail lighting and warming huts
were different for the two skier classes. The racing skier
preferred these facilities; the recreational skier did not. In
an attempt to determine other facllity needs, each respon-
dent was also asked to list other desired facilities. There
were only thirty responses to an open-ended question on
the need for other facilities. Of these responses several
identified a need for lollels and trail maps.

Services

Nearly 93 percent of all respondents expressed an in-
terest in seme service, The specific services are shown in
Table 4. Although the differences in perceived need for trail
grooming, food concassion, and safety/maintenance were
statistically significant, both recreational and racing skiers
showed similar trends. Trail grooming was perceived as
needed by both classes of skiers; however, the racers over-
whelmingly supported trail grooming. The tood concession
and safety/maintenance patrol were not perceived as need-
ed, but more racers were in favor of such services than
recreational skiers. Snow removal at the parking areas and
removal of brush and limbs from the ski tralls were per-
ceived as needed by a majority of all skiers.

An open-ended question was asked regarding the need
for management regulations. In general, respondents were
not interested In regulating use (N = 94), except to pro-
hibit the following on ski trails: snow machines and other
vehicles (N = 94), dogs (N = 58), pedestrians (N = 23),
and other impacts to trail quality and safety. This is similar
o other survey findings (Knopp and Tyger 1973).

Conclusions

In summary, this exploratory study of participation pat-
terns and sile characteristic preferences by recreational and
racing cross-country sklers points to few significant dif-
ferences between the two classifications of skiers. Dif-
ferences that may deveiop into conflicts appear to be tem-
poral and readily resolved by management strategies,
rather than two separate trall systems. Future research on
winter recreation such as cross-country skiing will be need-
ad as numbers of participants increase, available open
spaces decrease, and participation patterns and pref-
erences change.

Racing skiers ski faster, farther, and more frequently than
recreational skiers, but these participation patterns have

minor effects on preferences of site characteristics. From
a management perspective, racers need groomed trails for
speed and consistency. Recreational skiers may not require
such intensive trail grooming, but generally they prefer set
lracks to eliminate rough surfaces and the need to break
trail. Wide, groomed trails with parallel tracks in areas fre-
quented by racers would facilitate passing and minimize
conflicts between the two groups. A new racing technique,
called skating, has changed the Irail design and mainte-
nance to extremely wide trails for racing and set track along
one edge for the recreational skier.

Most cross-country skiers prefer medium-length trails that
are developed, marked, maintained, and groomed, with the
brush and limbs removed. Two important differences from
a management perspeclive are the perceived needs by
racers for trail lighting and warming huts.

Are there sufficient differences to warrant separate sites
and management programs for each group of skiers? Pro-
bably not. The perceived needs of recreational skiers are
much fewer than those of racing skiers, but the recreational
skier can be accommodated on tralls developed and main-
tained for racing. The reai differences, however, may only
be temporal. Many of the specialized needs of the racers
could be accommodated on (ralls designed primarily for the
recreational skiers by using portable or temporary warming
huts, toilets, tracksetter, or even food concessions.

Considering the short winter days of interior Alaska and
the regular training participation by the racers, it is desirable
to provide a facility such as the lighted ski trail at Birch Hill.
It fits the racer's perceived needs well, while it remains
available for the recreational skier. Other trails need mest
only minimum requirements in order to be acceptable to
the recreational skier, and many of these could be made
tempararily acceptable to the racer. In terms of allocation
of natural and fiscal resources, this seems te be an optimal
management solution because, as suggesied by the
distribution of the overall sample, the larger subgroup with
less need far specific facilities and services is the recrea-
tional skier.[]
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Steven D. Beasley* and William G. Workman™*

Introduction

The conversion of farmland to residential sites and to
other nonagricultural uses is a significant public policy issue
in many regions of the U.S. and other parts of the world.
While loss of potential food production and the decline of
a local farming industry are often-cited objections to these
shifts in resource use, a more significant issue in such land-
rich regions as Alaska may be the site-specific losses of
open space amenities associated with agricultural enter-
prise near population centers. In this article we report on
a recent attempt to value these quality-of-environment
benefits of farmland in the Old Colony and Homestead
areas of the Matanuska and Susitna Valleys of southcentral
Alaska.

Amenities as Collective Goods

The food and fiber outputs of agricultural production In
the LS, are exchanged in well-organized, largely com-
petitive markets with the potential for providing efficient
quantities of these private goods. The open space and other
environmental amenities associated with urban fringe
agricultural lands, however, are unpriced public, or collec-
tive, goods. As such, these benefits have two distinguishing
characteristics: (1) the impracticability of excluding the con-
sumer who does not pay for the good (i.e., nonex-
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clusiveness), and (2) consumption by one consumer does
not reduce the quantity available to others (i.e., honrivalry)
{(Mishan 1968). These gualities make it difficult for market
transactions lo systematically result in socially optimal
amounts of the collective good. First, on the supply side,
the nonrivalry characteristic suggests that the cost of mak-
ing the good avallable to an additional consumer Is zero.
This means that the socially efficient price for the good is
also zero, and at a zero price no farmer-businessman will
be willing to invest in supplying the good (Gardner 1877).
On the demand side, since no one can be excluded from
consumption, whether or nol he pays for the good, in-
dividuals have an incentive to not reveal their true will-
ingness lo pay for the good. Provided the good were made
available, an individual could, as a “free rider," still benefit
from its presence.

Alaska has a great abundance of open space and related
environmental amenities to offer its residents and visilors.
Since market signals are abseni with regard to the produc-
tion of these coilective goods, there is little evidence
available as to how much these amenities are worth. It
seems reasonable, however, that the highest marginal
value would be placed on these benefits in situations where
they are in short supply. In relatively urbanized areas, these
benefits may take on high value indeed. The importance
of the environmental effects of agricultural-land preserva-
tion is reflected in the criteria by which choices among
qualified parcels would be made in a recently proposed
Matanuska-Susitna Borough development rights purchase
program: (1) agricultural productivity, (2) susceptibility to
conversion, and (3) contribution 1o attractiveness of the area
(Planning, Inc. 1983). Based on these considerations and
the associated historical attraction of the area to tourists,
the Old Colony and Homestead lands have been singled
oul as a priority for preservation.



Procedure and Results

But what is the value of preserving the amenity bene-
fits—the environmental advantages as well as the historical
values—of these agricultural lands? If public expenditures
are to be made in this effort as is often advocated, some
notion of the return on this investment would certainly be
helpful to policymakers. One index of value is the maximum
amount that beneficiaries are willing to pay for the oppor-
tunity to enjoy such a good or service. Given the collective-
good nature of the environmental amenities associated with
urban-fringe farmland, some nonmarket measure of this
willingness-to-pay (WTP) must be employed. The procedure
used in this study invalved on-site interviews in which area
residents were simply asked how much they would be will-
ing to pay to maintain the open space character of specific
lands.}

The first part of the questionnaire consisted of a short
text explaining the purpose of the survey and an Introduc-
tion to the general topic of shifting land uses at the urban
fringe. This was followed by some factual information in-
cluding maps relating to quantity, location, and other
characleristics of farmland in the local area. This was con-
sidered especially important so that the individua! bids or
valuations asked for later in the interview would be specific
to the local situation and not be seen to refer to some
general state or national trend in agricultural land
conversion,

The next part of the interview process presented the in-
terviewee with a series of color photographs depicting
potential levels of housing development for existing agri-
cultural lands in the local area. Photographs associated with
Situation A represented the status quo, or no development,
for the farmland remaining In the Old Colony and Home-
stead areas in Palmer and Wasilla. Situation B depicted
moderate levels of housing development in photographs
showing a landscape with a mixture of housing and farm-
land. Finally, Situation C showed a landscape dominated
by housing development with no farmland visible in the
photographs.

Using situation A as a reference point in each bidding
game, the respondent was asked a series of questions
designed to reveal his or her maximum willingness to pay
annually to prevent the development scenario first in Situa-
tion B (i.e. WTPg,), and then in Situation C (i.e. WTP:.)
for the entire remaining farmland acreage in the Old Col-
ony and Homestead farming areas. The respondent was
given a choice of payment vehicles: an increase in local
sales taxes, an increase in property taxes, or a voluntary
contribution 1o a special local farmiand preservation fund.
The interviewer started the bids at $25 per year and asked
respondents whether their household would be willing to

"Hypathetical valuation procedures are controversial in the natural
resource valuation literature. For two recent exprassions of op-
posing views of this technigue see Rowe and Chestnut (1983) and
Randall et al. (1983),

pay the amount to prevent the development scenario under
consideration. A "'yes'' response resulted in raising the bid
by $25 increments until the interviewee answered ‘'nao.”
At this point, the amount was lowered in decrements of $5
until, again, a ""yes" resulted. This final amount was inter-
preted as the maximum WTP. Similarly, an initial “‘no”
response was followed by bid decrements of $5 until a
“yes" resulted.

Over a period of approximately four weeks during the
summer of 1983, some 153 randomly selected households
in the Palmer, Wasilla, and outlying areas of the Matan-
uska-Susitna Valleys were surveyed. Some of the
respondents indicated that they would pay nothing to pre-
vent one or both development scenarios from occurring.
Researchers in previous bidding-game studies have quer-
ried such respondents with follow-up questions to ascer-
tain the motivation for such responses.? For those
respondents indicating that the amenity actually has no
value, the response is typically recorded as a true zero bid.
However, for those interviewees objecting to, say, the
method of payment or to the idea of having to pay for an
amenity that they believe is already rightfully theirs, the
typical procedure is to label such responses as "protest”
bids and to omit these data from analysis. Similar pro-
cedures were adopted for this study resulting in approx-
imately 20 percent of the sample being treated as protest
bids (Beasley et al. 1986).

Analysis of the survey data included both an attempt to
explain variation in the bids and an aggregation and ex-
trapolation of bids to estimate the aggregate value of the
amenities associated with the farmland Included in the
study area. In the first instance, multiple regression pro-
cedures were used to estimate the linkage between re-
spondents bids and factors hypothesized to be important
in determining these bids. The proportion of variation in bids
explained by the models was relatively low. However, the
statistical significance achieved by individual regressors
such as household income, development scenario under
consideration, and previous awareness of urban-fringe land
use conflicts suggested that bids offered by survey re-
spondents were systematically linked 1o these factors and
were not merely “‘random noise’ (Beasley et al. 1986).

Bids to prevent moderate levels of housing development
(l.e. WTPg.4) ranged from 0 to $760 with a mean value of
$76 per household annually. Bids to avoid conditions
assoclated with development Situation C (i.e. WTP..,)
varied from 0 to $1,000 with an average of $144. Estimates
of the annual amenity benefits accruing to local residents
from the retention of the designated farmlands in agriculture
were obtained by aggregating the individual bids in the sam-
ple and extrapolating these results over the area popula-
tion. The results of these calculations were $626,000 per
year and $1.284 million per year, respectively, for aggregate
WTPg., and WTPc.a.

2See, for example, Randall et al. (1983) and Daubert and Young
{1981).
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Discussion and Conclusion

Previous work by Workman et al. (1979) estimated the
potential cost of a state government-sponsored develop-
ment rights purchase program for Alaska agricultural lands.
The estimated cost, in 1978 prices, of purchasing these
rights on lands located in roughly the same area as that
addressed in the current study was $15.165 million. Indexed
to reflect price level changes, this figure would now be ap-
proximately $20.25 million. In addition, the earlier study
estimated that such a program would involve administrative
costs of $80,000 annually.

Combining the results of these two studies, one can
evaluate both the benefits and costs of an effort to retain
the Old Colony and Homestead lands in open space. In this
case it seems reasonable to consider only the benafit
estimates associated with avoiding development Situation
C since any program that would prevent Situation B from
occurring would also prevent Situation C. Treating the ag-
gregate bid estimates (less administrative costs) as a
measure of annual benefits that would flow in perpetuity,
the net present value of the development rights purchase
investment can be calculated for various discount rates.
These results are presented in the accompanying table. For
example, when an interest rate of 5 percent was employed
to discount all future benefits and costs to the present so
that they could be compared, benefits exceeded costs by
$3,83 million. The “internal rate of return’'—the interest rate
that equates discounted values of benefits and costs and
serves as an alternative index of investment productivity—
was calculated at 5.9 percent.

Net Present Value of Open Space Retention ($ million)

Discount Rate (%)

1 2 3 = 5"

Net Present Value 100.2 39.95 19.88 9.85 383 -183

*Iinternal Rate of Retum = 59%

Several caveats or suggested directions for further in-
quiry can be offered. First we recognize that individuals
other than local area residents may benefit from the reten-
tion of open space and other amenity values associated
with these farmlands. For example, both in-state and out-
of-state tourists who travel through this historic and scenic
agricultural area may also enjoy the amenity features of this
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environment. Thus our measures of the value of retaining
these amenities may be lower limits.

Our study design limited the levels of nonagricultural
development to two (i.e., Situation B and C.) In addition,
respondents were asked to bid on retaining the entire re-
maining Old Colony and Homestead area as farmiand.
Thus our resulting investment analysis treated the “all-
or-nothing'’ case. Future work should recognize the heter-
ogeneous nature of the lands in the area regarding their
scenic qualities and should attempt to value various pat-
terns and gquantities of open-space retention. It is quite
possible that the preservation of a smaller amount of
strategically located open space would yleld higher net
social returns.[]

References

Beasley, S.D., W.G. Workman, and N.A, Williams. 1986. Non-
market Valuation of Open Space and Other Amenities
Associated with Farmland in the Matanuska-Susitna
Valley of Southcentral Alaska, Bulletin No. 71.
Agricultural and Forestry Expeniment Station, Universi-
ty of Alaska-Fairbanks. 47 pp.

Daubert, J.T., and R.A. Young. 1981. Recreational demands for
maintaining instream flows: A contingent valuation ap-
proach. American Journal of Agricultural Economics 63
{4):666-75.

Gardner, B.D. 1877, The economics of agricultural land preser-
vatlon. American Journal of Agricultural Economics 59
{5):1027-1036.

Mishan, E.J. 1968, The relationships betwean joint products, col-
lective goods, and external effects. Journal of Political
Economy 77(3).

Planning, Inc. 1983. Agricultural report to the Matanuska-Susitna
Borough.

Randall, A., J.P. Hoehn, and D.S. Brookshire. 1983. Contingent
valuation surveys for evaluating environmental assets.
Natural Resources Journal 23(3).

Rowe, R.D. and L.G. Chesinut. 1983. Valuing environmental com-
modities: revisited. Land Economics 59(4).

Warkman, W.G., E. Arobio, and T. Gasbarro. 1978. An examina-
tion of a development rights purchase program for Alaska
agricuftural lands. Report to Department of Natural
Resources, State of Alaska, Agricultural Experiment Sta-
tion, University of Alaska-Fairbanks.



Publications

JOURNAL ARTICLES

Anderson, R.N., R.M. Menges, and J.S. Conn. 1985, Variabili-
ty In Veivetleal (Abutilon theophrasti) and reproduction
beyond its current range in North America. Wesad Sci.
33:507-512.

Griffith, M., N.P.A. Huner, K.E. Espelie, and P.E. Kolattukudy.
1885, Lipid polymers accumulate on the epidermis and
In mestome sheath cell walls during low temperature
development on winter rye l|eaves. Protop/asma
125:53-64.

Hanley, T.A., and J.D. McKendrick. 1885. Potential nutritional
fimitations for blacktailed deer in a spruce-hamlock
farest, southeastern Alaska. Journal of Wildlife Manage-
ment 49(1).103-114.

Herlugson, C.J., J.0. McKendrick, and M.L. Herlugson. 1985.
Selection of garden residues by Alaska Moose, Alces
alces, during winter. Canadian Field-Naturalist 39(3).391,

Holloway, P. 1985. Rocting of lingonberry, Vaccinium vitis-idaea,
stem cuttings. International Plant Propagator Society.
Plant Propagator 31(4).7-9.

Jubenville, A. 1985. Recreational use of public lands: The role
of the manager. Journal of Park and Recreational Ad-
ministration 3{4).

Kiebesadel, L.J. 1885. Hardening behawvior, wintar survival, and
forage productivity of Festuca species and cultivars in
subarctic Alaska. Crop Sclence 25:441-447.

Petarson, C.A., M. Griffith, and N.P.A. Huner. 1885. Parmeabili-
ty of the mestome sheath cell walls in winter rye. Plant
Physiology 77:157-161,

Schientner, R.E., and K. Van Cleve. 1985. Relationships bet-
ween CO, evolution from soll, substrate temperature, and
substrate moisture in four matura forest types in intenor
Alaska. Can. J. For. Res. 15:97-106.

Stelmock, R.L., F.M. Husby, and A.L. Brundage. 1985. Applica-
tion of Van Soest acid detergent fiber method for analysis
of shellfish chitin, Journal of Dairy Science 88:1502-1506.

Van Cleve, K., and A.F. Harrison. 1985, Bioassay of forest
phosphorus supply for plant growth. Cen. J. For. Aes.
15:156-162.

Weeden, R. 1985, Environmental aspects of hydroeleciric power
development in Alaska. Northwest Envir. Jour. 1(2):65-84.

Weeden, R. 1985, Northern people, northern resources, and the
dynamics of carrying capacity. Arctic 38(2):116-120,

BULLETINS AND TECHNICAL REPORTS

Alden, J. 1985. Biology and management of white spruce ssad
crops for reforestation in subarctic taiga forest. Bulletin
No. 68, Agricultural and Forsstry Experimant Station,
University of Alaska-Fairbanks. 51pp.

List for 1985

Fugelstad, P., W.C, Thomas, B.M. Buxton, and O.E. Schock.
1985. An economic analysis of fluid milk processing in
Alaska. Bulletin No. 85. Agricultural and Forestry Expen-
ment Station, University of Alaska-Fairbanks, 27pp.

Husby, F.M., and F.J. Weoding. 1985, Protein content and nutri-
tional value of grains grown In interior Alaska. Bulletin
No. B7. Agricultural and Forestry Experiment Statian,
University of Alaska-Falrbanks. 33 pp.

Juday, G.P. 1985, The Rosie Creek fire and its research oppor-
tunities. IN: Early Results of the Rosie Creek Fire
Ressarch Project—1984. G.P. Juday and C.T. Dymess,
Eds. Misc. Pub. 85-2. Agricuitural and Forestry Experi-
mean! Station, University of Alaska-Fairbanks. Pp. vii-ix,

Juday, G.P., and C.T. Dymess, Eds. 1985, Early Results of the
Rosis Creek Flre Research Project—1984. Misc, Pub.
85-2. Agricultural and Forestry Experiment Station,
University of Alaska-Fairbanks, 46 pp.

Ping, C.L. 1985, Soil survey and its use in Alaska. Misc. Pub.
85-4. Agricultural and Forestry Experiment Station,
University of Alaska-Fairbanks. 26 pp.

Westemn Regional Project W-166 (F.M. Husby, Alaska project
cooparalor). 1984 (omitted from previous list). Utilization
of alfalfa in swine diets. Western Reglonal Research Pub,
MNo. 1. Agricultural Experiment Station, University of
Wyoming, Laramle. 6 pp.

Western Regional Project W-166 (F.M. Husby, Alaska project
cooperator), 1984 (omitted from previous fist). Utilization
of barley In swing diets. Western Regional Research Pub.
Na, 4. Agricultural Experiment Station, Montana State
University, Bozeman. 11 pp.

CIRCULARS AND EXTENSION PUBLICATIONS

Carling, D.E., and P. Rissi. 1885, Potato variety performance
in the Matanuska Valley 1982, 1983, 1984, Circular 49,
Agnicultural and Forestry Experiment Station, Univers|-
ty of Alaska-Fairbanks. 12 pp.

Matheke, G., and P.J. Wagner. 19856. Summary of vegetabls
variety trials, Fairbanks, Alaska. 1984. Circular 51.
Agricultural and Forestry Experiment Station, Universi-
ty of Alaska-Fairbanks. 26 pp.

Wooding, F.J., J.H. McBeath, S. Frost, J.T. Hanscom, R.M.
VanVeldhuizen, and A.J. Rippy. 1985. Performance of
cereal crops in tha Tanana River Valley of Alaska, 1984.
Circular No. 52. Agricultural and Forestry Experiment
Station, WUniversity of Alaska-Falrbanks. 29 pp.

AGROBOREALIS

Boyer, L. 1985. Soil conservation in Alaska: Past and present,
Agroborealis 17(2):23-30.

Brundage, A.L. 1385, Status of selenium in Alaska. Agroborealis
T7(1):41-42,

Vaol, 18, No. 1, 1986 55



Cullum, R.F., and C.E. Lewis. 1985. Automated environmental
data collection for research in remote locations.
Agroborealis 17(2):18-22.

Jubenville, A. 1985. Representative rivers: A research program
based on management decision-making. Agroborealis
17(1):43-46.

Juday, G.P. 1985. The Rosie Creek fire. Agroborealis 17(1):11-20.

Klebesadel, L.J. 1985. Beach wildrye: Characleristics and uses
of & native Alaskan grass of uniquely coastal distribu-
tion. Agroborealls 17(2):31-38.

Klebesadel, L.J. 1885. The critical importance of narth-latitude
adaptation for dependable winter survival of perennial
plants In Alaska. Agroborealls 77(1):21-30.

Laughlin, M. 1985. Barley response to phosphorus and lime:
Results of applications to horizons from Homestead Silt
Loam. Agroborealis 17(2).8-12.

Laursen, G.A. 1985. Mycorrhizae: A review of the importance of
fungi from high-latitude forests of Alaska. Agroborealis
17(2):58-66.

Leiner, R.H., and D.E. Carling. 1985. Altarnaria seedling blight
of lobella. Agroborealis 17(2):39-42.

McKendrick, J.D. 1985. Animal distribution limits range utiliza-
tion. Agroboreafis 17(1):37-40.

Mitchell, W.W. 1985. Findings on turfgrasses and their manage-
ment. Agroborealis 77{1):31-36.

Packee, E.C. 1985, Predicting the growth and yleld of interior
Alaska forests. Agroborealis 17(2):49-57.

Ping, C.L. 1985, Soil-temperature monitoring network in Alaska.
Agroborealis 17(2):13-18.

Richmond, A.P, 1985. Moose-browsing damage in a recently
thinned stand of sapling paper birch in intarior Alaska.
Agroborealis 17(1):7-10.

Taylor, R.L. 1985 Barley breading in Alaska. Agroborealis
17(2):5-8.

Van Cleve, K. 1985. Forest landscapes ol Interior Alaska.
Agroborealis 17(1):5-8.

Westenburg, L., and A. Jubenville. 1985. River recreation
managemeni research: A decision-making framework
applied to the Kenai River. Agroborealis 17(2):43-48.

Waooding, F.J. 1985, Interior Alaska crops respond to boron ap-
plications. Agroborealis 17(1):47-49.

BOOKS AND CHAPTERS IN BOOKS

Dieterich, R.A. 1985. An overview of Alaskan reindeer diseases
and current control methods. IN: Bislogy of Deer Produc-
tion. Bulletin 22. Royal Society of New Zealand. Pp.
87-100.

Mallory, F.F., and R.A. Dieterich. 1985. Laboratory management
and pathology. IN: Biology of New World Microtus. Am.
Soc. Mam, 8:647-684.

PROCEEDINGS

Elliott, C.L., and J.D. McKendrick. 1985, Food habits of Dall
Sheep on revegetated coal stripmine spoils in Alaska,
IN: Northerr: Wild Sheep and Goat Council. Proceedings
of the Fourth Blennial Symposium. Huefs, M., editor.
1984. Pp. 241-251.

56  Agroborealis

Greenberg, J. 1985. Formation of an Alaska reindeer cooperative,
IN: Proceedings, Alaska Rural Development Council.
Report No. 8. Juneau, AK. Pp. 41-46.

Hanley, T.A., R.G. Cates, B, Van Horne, and J.D. McKendrick.
19B5. Forest standage-related differences in apparent
nutritional quality of forage for deer in southeastern
Alaska. IN: Plant-Herbivore Interactfons. Proceedings of
the Fourth Wildland Shrub Symposium, 7-9 August 1885,
Snowbird, Utah. Ogden, Utah. US Department of
Agriculture, Forest Service, Intermountain Forast and
Range Experiment Station.

Holloway, P, 1985, Propagation of Alaska native plants, IN: Pro-
ceedings of the Fourth Alaska Greenhouse Conference.
Fairbanks, AK. Pp. 52-63.

Holloway, P. 15985. Propagation of woody plants by cuttings. IN:
Proceedings of the Fourth Alaska Greenhouss Con-
ference. Fairbanks, AK. Pp. 46-51.

Juday, G.P,, and J.C. Zasada. 1985. The structura and develop-
ment of an old-growth white spruce (Picea glauca
[Meench] Voss) forest on an interior Alaska floodplain
site, Willow Island. IN: Fish and Wildlife Relationships in
Old-Growth Forests. Proceedings of a symposium held
in Juneau, Alaska, 12-15 April 1982. Meehan, W.R., T.R.
Merrell, Jr., and T.A. Hanley, editars. Amer. Insi. Fish.
Res. Biol. Pp. 227-234,

Kilebesadel, L.J. 1085 Adaptational changes Induced In
temperata-adapted forage legumes by natural selection
pressures In subarctic Alaska. IN: Plant Production in the
North. Proceedings from Plant Adaptation Workshop.
Tromsa, Norway. Norwegian Univarsity Press. Tromso,
Norway. Pp. 304-315.

Mitchell, G.A., G.L. Ping, and F.J. Wooding. 1985. Role of soil
testing in subarctic agriculture with special concern for
phosphorus and boron. IN: Proceedings of the 10th Plant-
Soil Analysis Workshop, Bridgeton, Missouri. 7 pp.

Thomas, W. 1885, Alaska's agricultural economic conditions (part
2). IN: Proceedings, Alaska Rural Development Counci,
Juneau, AK. Report No. 6. Pp. 22,

Wagner, P.J., and G. Matheke. 1985. Recommended and adap-
table vegetable and fruit varieties for Alaska's growers.
IN: Proceedings of the Fourth Annual Alaska Greenhouse
Conferance. Fairbanks, AK.

Western Regional Project W-166 (F.M. Husby, Alaska project
cooperator). 1984 (omitted from previous list). Variation
in the composition of western grown barley. IN: Proc.
West. Sec. Amer. Soc. Anim. Sc¢i. 35:163-168.

POPULAR PUBLICATIONS

Jubenville, A, 1985, Vocational agriculture and recreation
management: A position. The Agriculture Education
Magazine 57(4):6-8.

Klebesadel, L.J. 1985. Light cycies and latitude—Plant survival
can depend on it University of Alaska Magazine 3:26-28.

Mitchell, W.W. 1985. Revegetation in Alaska. Reclamation
Newsletter 8(1).5-7. Canadian Land Reclamation
Association.



ABSTRACTS

Bruce, L.B. 1985. Using net energy for maintenance and gain
in a quadratic equation to calculate beef cattle rations.
Abstract No. 615. Journal of Animal Sci. 61 (Supp. 1):492.

Carling, D.E., and R.H. Leiner. 1985. Rhizoctonia solani and R.
solani-like binucleates associated with potato plants and
solls with varied cropping histories. Phytopathology
74(11):1333,

Jubenville, A, 1985, Dafining the attributes of the recreation site.
Leisure, Recreation and Tourism Abstracis 9{273).

Jubenville, A. 1985. Recreational use of the Chena River. Chena
River Symposium. IN: 36th Alaskan Science Conference,
Abstracts. AAAS, Alaska Division, University of Alaska-
Fairbanks. P. 138.

Juday, G.P., A. Batten, and A. McGuire. 1985. The South-facing
Volkmar Bluff Meadows: Composition and setting. IN:
Proceedings of the 1985 Arctic Science Conference. Fair-
banks, Alaska. P. 170.

Juday, G.P. 1985. Environmental Features of Proposed BLM
Research Natural Areas on the Seward Peninsula. IN:
Proceedings of the 1985 Arctic Science Conference. Fair-
banks, Alaska. P. 181,

Juday, G.P. 1985, Environment of the proposed Pete Dahl Slough
Research Natural Area, Copper River Delta. IN: Pro-
ceedings of the 1985 Arctic Science Conference. Fair-
banks, Alaska. P. 226.

Juday, G.P. 1985. Planning for Research Natural Areas on the
Tanana Valley State Forest. IN; Proceedings of the 1985
Arctic Science Conference. Fairbanks, Alaska. P. 224,

Griffith, M., N.P.A. Huner, and D.B. Hayden. 1985. Cold ac-
climation of winter rye alters detergent extractabiiity of
light harvesting complex. Plant Physiclogy 77
(Supplement):138.

Morrow, C.A., F.M. Husby, and J.W. Keller. 1985. Digastibility
of Alaskan tanner crab meal and chitinolytic enzyme ac-
tivity in the ruminant. IN: 36th Alaskan Science Con-
ference, Abstracts. AAAS, Alaska Division, University of
Alaska-Fairbanks, P. 92.

Rippy, A.J., and F.J. Wooding. 1985, Relative effectiveness of
ethephon as an anti-lodging agent for barley grown in
Alaska. IN: Proceedings of the 1985 Arctic Sclence Con-
ference. Fairbanks, Alaska. P. 93.

Rippy, A.J., and F.J. Wooding. 1985. Response of barley 1o foliar
applications of cerone in Alaska. Agronomy Abstracts.
77th Annual Meeting of the American Society of
Agronomy, Chicago, lllinois. P. 104.

THESES AND DISSERTATIONS

Engelbrecht, C. 1985, Policy implementation: A case study of
Alaska's agricultural policy, 1976-1982. Masters Thesis.
University of Alaska-Fairbanks.

Moore, T.A. 1985. Seasonal fungal biomass dynamics in an in-
terjor Alaskan paper birch stand and effects of long-term
fertitization. Ph.D, Dissertation. University of Alaska-
Fairbanks. 230 pp.

Val. 18, No. 1, 1886 57



AFES Notes continued . . .

Alaska, but it Is also of impartance to waterfow| specialists
and wildlife habitat managers. Such information is obviously
of academic interest too because it enlarges understand-
ing of an important plant and biological functions in an ar-
ray of habitats.

The work includes seasonal measurements and obser-
vations of grass growth and development and chemical
analyses of components in the plant as well as those of
water and soil (mud). The distribution and natural occur-
rences of Arctophila fulva are being mapped for selected
areas in the Prudhoe Bay vicinity from east to west (En-
dicott Causeway to Oliktok). Besides examinations of the
plant in its nalural settings, various transplanting to new
habitats to test various environmental factors are alsc
underway, Preliminary results indicate that Arctophila fulva
can be successfully transplanted into some oil-damaged
soils and that it has an unusual capacity for vegetative
propagation.

Jay D. McKendrick, associate professor agronomy, and
research associates Pete Scorup, Anna Vascoftt, and
Janice Dobson are the primary personnel assigned to the
project from the AFES Palmer Research Center. Students
will also be directly involved in working on the project. Stan-
dard Alaska Production Company is providing two environ-
mental scientists, two scientific experts for field assistance,
and coordination and major funding for the research. The
U.S. Fish and Wildlife Service Is providing waterfow] ex-
pertise and assisting with project design and monitoring.
Scientists from the universities of Colorade and ldaho are
involved as advisors and reviewers of research design.

Alan Jubenville, associate professor of resource
management, is on sabbatical leave through December.
During his six-month leave, Dr. Jubenville will be writing
a new, theory-based lextbook on outdoor recreation
management. This will be Dr. Jubanville's third textbook
on this subject; the first two are now out of print.

Dr. Jubenville has been instrumental In developing new
management theory and concepts over the past several
years. As no existing text emphasizes management theory.,
Dr. Jubenville is writing this book at the urging of several
colleagues in the field of outdoor recreation management.

After an introduction to basic management theory and
concepts, the reader will be guided through succeeding
sactions on resource, visitor, and service management. The
book will be directed at the advanced undergraduate.

L. Ben Bruce, assistant professor of animal sclence at
the Palmer Research Center, has assumed the duties of
dairy scientist in addition to those of beef cattle scientist.
This restructuring of Dr. Bruce's duties is the result of
economy measures implemented at AFES.

The dairy research program will emphasize dairy cattie
nutrition as Dr. Bruce is a ruminant nutritionist by training.
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Immediate plans for the dairy science program include con-
clusion of an experiment by Arthur Brundage, professor
emeritus, using salmon meal as a protein source for dairy
cattle rations. A major project has begun involving Alaskan
feedstuffs, their trace mineral content, and subsequent
suitability as ration ingredients for dairy cattle. Future
research plans include projects aimed at improving Alaskan
rations and the uses of various Alaskan feedstuffs. Dr.
Bruce foresees a major effort in these areas to support the
growing and successful Alaskan dairy enterprise.

Chien-Lu Ping, assistant professor of agronomy and soil
scientist, is currently focusing his research on soll genesis
and classification on the volcanic ash soils of Alaska.
Volcanic ash soils have unigue properties which are impor-
tantin land use and management. Dr. Ping is studying the
chemical, physical, and mineralogical properties of thirty
soil pedons. These pedons were collected from such
diverse areas of Alaska as the Aleutian Islands, southeast,
southcentral, and the Cook Inlet regions. Both the collec-
tions and the investigations are being conducted in
cooperation with the Soll Conservation Service, United
States Forest Service, and Tohoku University of Japan, As
a result of this work, this month Dr. Ping will attend the first
International Soil Correlation Meeting held in the Pacific
Northwest. He will present a paper entitled "'Properties and
Classification of Volcanic Ash Soils in Alaska," coauthored
by Sadao Shoji of Tohoku University and Joe Moore of
SCs.

Dr. Ping is also managing a research program on soil
fertility in cooperation with Cooperative Extenstion Service's
Allen Mitchell. A study on the effects of liming on
phosphorus and potassium fertilizers on crop yield in the
Point MacKenzie area has been concluded, and the results
will soon be published.

Jenifer H. McBeath, associate professor of plant
pathology, has returned recently from an academic year's
sabbalical leave. Last September Dr. McBeath traveled to
USDA's Agricultural Resesarch Center in Beltsville,
Maryland, where she worked with Dr. Gideon Schaeffer,
research scientist at the Plant Molecular Genstics
Laboratory. The research was on anther culture work with
early-maturing, winter-hardy, hard red winter wheat, Dr.
McBeath's successful efforts to produce androgenic
haploid plantlets will provide an alternative means for selec-
ting grains by genetic traits-—an alternative not possible
under field conditions. This means that researchers will be
able to provide growers with new varieties through
hybridization or somalclonal variety selection. In addition,
Dr. McBeath also studied extracellular enzymes of snow
molds of wheat and grasses, of which several have been
identified. Enzymes will be used in the future in the selec-
tion of wheat varieties resistant to snow mold.

. . . Continued next page



AFES Notes continued . . .

Edmond C. Packee, assistant professor of forest
management, and Glenn P, Juday, visiting associate pro-
fessor of plant ecology, presented a program on the com-
mercial and ecological aspects of Alaska's interior forests
in June for a group of business leaders from the People's
Republic of China. The purpose of the tour to Alaska was
to provide an opportunity for Chinese business people to
become familiar with the forest products of interior Alaska
and to establish personal contact with individuals
associated with forestry industry and research in Alaska.
This visit was one of a series of three such tours organized
for delegates from Korea, Japan, and China by the Alaska
Department of Commerce and Economic Development and
located on the University of Alaska-Fairbanks campus.

The Agricultural and Forestry Experiment Station’s pro-
gram of international workshops on forestry at high latitudes
has become affiliated with the International Union of Forest
Research Organizations (IUFRO). The program is recog-
nized by IUFRO as working party $1.05-12, Northern Forest
Silviculture and Mangement. Prior to JUFRO affiliation,
workshops were held in Alaska; Sweden; and British Col-
umbia, Alberta, and New Brunswick, Canada. Since affilia-
tion, the working party has met in Lulea and Gallivare,
Sweden, in June of 1985 and Grand Prairie, Alberta, and
Dawson Creek, British Columbia, Canada, in August of
1986. Future workshops are planned for northern Finland
in August 1887, northeastern People’s Republic of China
in summer of 1988, and Newfoundiand, Canada, in 1983,

Current focus of the working party centers on regenera-
tion problems and approaches to prompt forest regenera-
tion. Proceedings of the workshops are published jointly
by the Agricultural and Forestry Experiment Station of the
University of Alaska-Fairbanks and the USDA Forest Ser-
vice Pacific Northwest Forest and Range Experiment Sta-
tion. Working party participants include interested persons
from government agencies, universities, and industry. Ed-
mond C. Packee, assistant professor of forest manage-
ment, is currently the working party chairman,

Allen Richmond, AFES research associate, Tony
Gasbarro, forestry agent with the Cooperative Extension
Service, and George Sampson, forest-resource develop-
ment specialist with USDA-Forest Service, are working on
two studies to determine the potential availability of timber
in the Tanana Valley which can be converted to wood chips
and the feasibility of burning them in combination with coal
at local power plants. Funding for this research was ob-
tained through the Alaska Power Authority from the Pacific
Northwest and Alaska Bioenergy Program. Both studies are
scheduled for completion by December 31, 1986.

The first study is designed to determine the volume of
wood chips that can be produced on an annual basis from
different lands in the Tanana Valley. The lands being ex-
amined are state-owned forest lands in the Tanana Valley,
lands owned by the Federal government under jurisdiction
of the military, lands owned by Native corporations, and
lands held by the state and proposed for agricultural pro-
jects. The first three provide a land base on which to deter-
mine a volume which can be produced on a sustainable
annual basis, while the fourth represents a short-duration
supply of chips. In addition to the volume Information, the
economics of delivering wood chips in the Fairbanks area
will be examined. This information will help to determine
the feasibility of producing wood chips in the Interior.

The second study, in cooperation with the U.S. Army, is
designed to determine the volume of chips which can be
burned mixed with coal at the Fort Wainwright Steam Plant
without modifying the stoking system. Two different types
of chips will be test burned: chips from green trees and
chips from fire-killed trees, Once the maximum chip-coal
mixture is identified for each type of chip, stack emission
testing will be performed to determine changes In par-
ticulate and other emissions levels from those experienced
when coal is burned alone. The test burns are scheduled
for October 13-24, 1986. The information obtained will iden-
tify a level of coal replacement which may be achieved at
other power plants through the cofiring of wood chips and
coal.
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