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A Presidential Proclamation

The idea of agricultural experiment stations in the U.S. dates back to 1845 when John
P. Norton, an agricultural chemistry professor at Yale, proposed a national system of
experiment stations. In 1887, mare than 40 years later, Congress passed legislation to
establish Federally supported state experiment stations in land-grant colleges. Thus,
o™ the Agricultural and Forestry Experiment Station, University of Alaska-Fairbanks, is part
F of a network of state agricultural research in the U.S.
On March 2, 1987, the centennial of this legislation, President Ronald Reagan issued a proclama-
tion outlining the vital role of state agricultural experiment stations. The presidential proclamation

is shown below.
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James V. Drew
Dean, School of Agriculture and Land Resources Management
Director, Agricultural and Forestry Experiment Station

Hatch Act Centennial, 1987

By the President of the United States of America
A Proclamation

For a century, we Americans and people around the world have benefitted tremendously from the agricultural
research and training provided by our national system of agricultural experiment stations at our State land-
grant colleges. This system was initiated by the Hatch Act, which President Grover Cleveland signed into law
on March 2, 1887. In celebrating the Centennial of this legislation, we pay much-deserved tribute to our
agricultural researchers of the present and to the generations of dedicated scientists who preceded them in
this essential work.

Americans promoted agricuitural education from the start, Private societies achleved much progress, and
farmers, stimulated by nearly limitless opportunity, eagerly took advantage of new sclentific knowledge. Public
support for agricultural research grew because the results were so obviously beneficial. In the early and mid-19th
century, specialized schools of agriculture appeared. The United States Department of Agriculture was founded
in 1862, one of its missions was to acquire and diffuse agricuftural information. The Morrill Act, which Presi-
dent Abraham Lincoln signed inta law In 1862, provided for the creation of land-grant agricultural colleges
In most states.

Despite these welcome developments, a generation later much remained to be done. It was then that William
Henry Hatch, a Congressman from Missouri, proposed agricultural experiment stations for research and train-
ing. Today we know that the adoption of the Hatch Act of 1887 was one of the most significant steps ever
taken in American agriculture,

It is no exaggeration to say that the wealth of technical knowledge developed at these stations has enabled
America’s farmers to revolutionize the practice of agriculture and bettered life for millions of people the world
over. The existence of these institutions and the abilities of the scientists trained there ensure that future genera-
tions will continue to enjoy the benefits of agricultural research.

In recognition of the vital role of State agricultural experiment stations in American agriculture, the Con-
gress, by House Joint Resolution 3, has designated March 2, 1987, as the Centennial of the signing of the
Hatch Act of 1887 and authorized and requested the President to Issue a proclamation in observance of this
avent.

NOW, THEREFORE, |, RONALD REAGAN, President of the United States of America, do hereby proclaim
March 2, 1987, as the Centennial of the signing of the Hatch Act of 1887, and | call upon the people of the
United States to observe this day with appropriate ceremonies and activities.

IN WITNESS WHEREOF, | have hersunto set my hand this second day of March, in the year of our Lord

nineteen hundred and eighty-seven, and of the Independence of the United States of America the two hundred
and eleventh.
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Sigmund (Sig) H. Restad retired
as assistant director of the
Agricultural and Forestry Experiment
Station on January 31, 1987, after
about 22 years service with the
University of Alaska-Fairbanks. After
serving in the Korean War, Mr.
Restad graduated from the Universi-
ty of Minnesota with a masters
degree in dairy science and worked
as an agent in the Minnesota Coop-
erative Extension Service from 1954
to 1958. He joined the Alaska
Agricultural Experiment Station in
1858 as farm superintendent at the
Fairbanks Experimental Farm.
Governor Bill Egan appointed Mr.
Restad director of the State Division
of Agricultura in 1962, a post that he
held until 1968. The experiment sta-
tion reclaimed Mr. Restad in 1968
when then director Dr. Horace F.
Drury convinced him to become ex-
periment station executive officer, at which time he |oined
the staff of the Palmer Research Center. Current director
Dr. James V. Drew promoted Mr. Restad to assistant direc-
tor in 1978, He served as acling director for six months in
1885 during the temporary absence of Dr. Drew.

Mr. Restad has been an active spokesman for agriculture
and agricuitural research, being particularly effective in
enhancing the university's relationship with the legislators
and agencies with whom he dealt. He was active in sup-
port of the Agricultural Development Council, Rural
Development Council, and Resource Development Coun-
cil as well as various community organizations.

Mr. Restad was granted emeritus status by President
Donald O'Dowd at the 1987 university graduation
ceremonies conducted on the Fairbanks campus. Ap-

4 Agroborealis

Sig Restad

AFES Notes

propriately, Mr. Restad retired to his
home on Farm Loop Road north of
Palmer.

Dr. William W. Mitchell, professor
of Agronomy, has been appointed ac-
ting assistant director of AFES until
a permanent replacement for Mr.
Restad Is selected.

Dr. Chien-Lu Ping, assistant pro-
fessor of agronomy (soil scientist),
has been invited to present a paper
to the Ninth International Soil
Classification Workshop to be held in
Japan from 20 July to 1 August 1987,
The purpose of the workshop s to
provide a forum for members of the
International Committee on the
Classification of Andisols (ICOMAND)
and the International Committee on
the Classification of Wel Soils
(ICOMAQ) as well as other soll scien-
tists to develop the taxonomy of soils derived from volcanic
ash and to revise the classification of hydromorphic solls.
The title of Dr. Ping's presentation is the "'Classification of
cold andisols and association spodosols of Hokkaido,
Japan, and southern Alaska, U.S.A." coauthored by Dr.
Sadao Shoji and T. lto of Tohoku University, Japan. The
trip is partially supported by the U.S. Agency for Interna-
tional Development (USAID).

Fredric M. Husby, associale professor of animal science,
was elected chairman of the Western Regional Hatch Pro-

. « « Continued on page 47



Notice of Release of ‘Kenai’ Polargrass

By

William W. Mitchell*

The Agricultural and Forestry Experiment Station, Univer-
sity of Alaska-Fairbanks, announces the release of ‘Kenai’,
a cultivar of polargrass [Arctagrostis latifolla (R. Br.)
Griseb.). The new variety is recommended for forage and
revegetation use under appropriate conditions from the cen-
tral interior to southern portions of Alaska and, possibly,
at other north-latitude stations. The cultivar 'Alyeska’ po-
largrass, previously released by this axperiment station (Mit-
chell 1980), is the only other known cultivar of the species.

Kenai is a medium 1o tall grass growing about 1.5 10 5.0
feet in height. Its relatively wide, |ax leaves are produced
along the erect, generally stout stems. In open stands, it
spreads conservatively by means of short, stout rhizomes,
forming dense clumps, Inflorescences are usually open and
lax to erect and narrow. Kenai polargrass often is light green
in color, tending o be lighter colored than Alyeska.

Polargrass is a strictly north-latitude species with a cir-
cumpolar distribution. It occurs throughout mainland Alaska
in various plant communities. It is adapted to cold, boggy
soils as well as to mesic upland solls. It is not well adapted
to dry sites.

Kenai is based on bulk seed collections of polargrass
made (a) near Mile 134 of the Sterling Highway and (b) at
the townsite of Kenai, both on the Kenai Peninsula, Alaska,
accessioned as |IAS 63 and IAS 60, respectively. The two
collections, IAS 63 and IAS 60, are being perpetuated in
isolated breeding lines as IAS 633 and IAS 634, respec-
tively. Seed lots of the two lines are composited in equal
amounts of pure, live seed to constitute the breeder
generation.

The components of Kenai have been tested separately
and combined in synthetics in a number of forage trials,
mainly in southcentral Alaska, and in some revegetation
triais from central interior to southcentral Alaska. Their
behavior also was observed for a number of years in
spaced-plant nurseries al the Palmer Research Center,
These trials and observations have shown that Kenai
polargrass has application as a forage or revegetation grass
from central interior to the southern coast of Alaska, par-
ticularly on strongly acidic soils in areas with relatively
moist, cool growing seasons. Kenai has shown a greater

*Professor of Agronomy, Agﬂculm;ll and Forestry Experi-
ment Station, Palmer, Alaska.

talerance of winter ponding and icing conditions than have
timothy (Phleum pratense L.) and smooth bromegrass
(Bromus inermis Leyss.), two commonly used forages in
Alaska. It is expected that Kenal could be appliad on boggy
or peaty soils. It is adversely affected by droughty condi-
tions and has shown stand depletion when harvested under
these conditions. Also, taking two forage harvests within
a season somelimes appears to have been detrimental.
Polargrass has demonstrated immunity to snow molds
(Sclerotinia borealis Buback and Vieugel and possibly
others) that can affect such other grasses as timothy.

Polargrass generally does not surpass bromegrass for
forage purposes where bromegrass is well adapted
(Klebesadel 1969, Mitchell 1982). However, Kenai will pro-
vide another forage option in areas where bromegrass is
marginally or poorly adapted because of strong soil acidity
(Mitchell 1985). Kenai also can be used in revegetation
mixes from lowlands to alpine situations, but it should not
be used in the northemmost regions of Alaska. Alyeska
polargrass is a better choice there, as it has demonstrated
its adaptability to Arctic conditions.

Seed classes of Kenal are limited to breeders, founda-
tion, and certified. Breeder seed is maintained under the
supervision of the Alaska Agricuitural and Forestry Experi-
ment Station. Increase of breader and foundation seed is
administered through the Alaska Seed Growers, Inc. Seed
yields of 150 to 250 pounds per acre may be obtained of
Kenal polargrass.[]
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Trip Report: A Visit to
The Swedish Reindeer Industry, 1986

By

James Dau®, Robert A. Dieterich**, Wayne C. Thomas***, and Larry T. Davis**"*

Introduction

The State of Alaska indicated recently that it will become
more strict in enforcing inspection requirements for reindeer
meat that is mixed with meat from domestic animals (e.g.,
in sausage production), Therefore, we wanted to observe
how reindeer are slaughtered to meet Swedish meat In-
spection requirements. Additionally, by following the pro-
cessing and marketing of reindeer in Sweden, we hoped
to discover alternative products that do not require blen-
ding reindeer with beef or pork, The Chernobyl tragedy fur-
ther affected our decision to visit Sweden in two ways: it
gave us the opportunity to review the impacts of
widespread, intense radioactive contamination on reindeer
and the reindeer industry; and it created a shortage of
reindeer for human consumption in Sweden which in tum
appeared to open a market for Alaska reindeer products.

Between 13 and 23 November 1986, we traveled 1o
Sweden to meet suppliers and processors in the Swedish
reindeer (Rangifer tarandus tarandus) industry. Wholesale
and retail marketing of reindeer were reviewed in
Stockholm; corralling, slaughter, and processing of reindeer
were observed in Swedish Lapland. The specific objectives
of this trip were as follows: 1) to observe reindeer slaughter
facilities and techniques used in Sweden; 2) to trace the
marketing of reindeer from Sami herders to retail outlets;
3) to assess radioactive contamination of reindeer and their
ranges and observe how the problem is being handled; 4)
to observe as many reindeer husbandry techniques as
possible; and 5) to explore the possibility of establishing
a market for Alaskan reindeer meat in Sweden.

*Research Associate, Agricultural and Forestry Experiment
Station, Nome.
**Profesor of Veterinary Medicine, Institute of Arctic
Biology, University of Alaska-Fairbanks.
** *Professor of Economics, Agricultural and Forestry Experi-
ment Station, University of Alaska-Fairbanks.
****President, Reindeer Herders Association, Nome.
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The following is a summary of the results of our trip. It
is organized along the market chain from Sami reindeer
herders to retail outlets. All references to dollar values are
expressed in U.S. currency at an exchange rate of 6.83
Swedish kroners to 1 U.S. dollar.

Reindeer Husbandry in Sweden

Ownership of reindeer in Sweden is restricted to Lapps,
an ethnic minority of northern Sweden which has herded
reindeer for centuries. Although only a small fraction of the
Sami who live in Swedish Lapland are herders, reindeer
still figure prominently in their cultural heritage.

Officially, there are approximately 250,000 reindeer in
Sweden; however, this estimate is thought to be conser-
vative. Since local political influence and prestige of herd
owners Is considered proportional to the number of deer
they own, and because of obvious monetary advantages,
herders try to maximize the size of their herds. In opposi-
tion to unrestricted herd size, upper limits on maximum
numbers of reindeer are established by government
managers for individual ranges. To stay within legal limits,
herd owners typically provide conservative estimates of
reindeer abundance 1o government officials. These
estimates are not verified by range managers. This has led
to overpopulation by reindeer and resulted in deterioration
of many, if not most, winter ranges. Reindeer lichens (e.g.,
Cladonia and Cetraria spp.) were scarce in the few feeding
craters we examined, and arboreal lichens (e.g., Alectoria
spp.) exhibited an obvious browse line, As a result, the deer
we observed were small (about two-thirds the size of
Alaskan reindeer) and in relatively poor condition. Very few
of the carcasses we observed had more than a trace of back
fat. Overpopulation is considered to be one of the most
serious problems faced by the Swedish reindeer industry,
perhaps second in severity only to radioactive contamina-
tion of reindeer ranges. Now fawns are commonly
slaughtered since many starve during their first winter on



the poor-quality ranges; previously, only adult reindeer were
harvested.

Once nomadic, Lapps freely moved their reindeer herds
through an annual cycle of range rotation via foot and skis.
Now, reindeer ranges are fenced to control herd
movements and grazing patterns. Travel between summer
and winter ranges no longer involves long migratory treks.
Instead, deer are gathered at corraliings, loaded into large
semi- and tandem-trailer trucks, and transported over an
extensive road system. Up to 200 deer can be hauled in
one transpor truck per trip. The average cost of approx-
imately $6.00 per reindeer is paid through government sub-
sidies and funds generated by local reindeer councils
(described later). Motorcycles, snowmachines, and
helicopters are used to gather and drive reindeer within
seasonal ranges.

The Samis’ use of mechanized transport for herding has
made Lapp herders vulnerable to some of the problems that
face Alaskan herders. Sami herders reportedly spend less
time with their reindeer now than ever before and, as a
result, their reindeer have become more wild. Even so,
Swedish reindeer were considerably more docile than
reindeer in Alaska. Also, trauma and stress-related prob-
lems are occurring more frequently now that mechanized
herding and transport are widely used. We observed
several carcasses with extensive bruises that probably oc-
curred during transport via fruck.

Another parallel between the Swedish and Alaskan
reindeer industries is that change has not been uniform
across all aspects of husbandry. For example, despite the
rapid adoption of helicopters, snowmachines, and other
means of transport, corralling techniques used by Lapps
have remained essentially unchanged. We attended two
reindeer handlings while in Lapland. The Samis drove their
deer into a large circular corral where up to 200 herders
roped individual reindeer. The deer were then dragged to
small holding pockets that radiated off the main pocket like
the areas between the spokes on a wheel, Reindeer from
sach herd were tallied by hand as they entered their respec-
tive holding pockets. It was the consensus of our group that
the method of corralling used in Alaska is more efficient
and less stressful on men and reindeer alike, especially
when a squeeze chute is employed, than the method used
In Sweden. Likewise, with the recent advent of computers
as management tools, the record-keeping system used by
some Alaskan reindeer herders is superior to the old hand-
tally method still employed in Sweden.

Lapp villages may corral their reindeer 20 to 30 times a
year to separate neighboring herds, mark fawns, estimate
total numbers, and sell reindeer to slaughter facilities. In
contrast, Alaskan herders corral their reindeer only twice
a year: In June to harvest veivet antler and mark fawns,
and between October and January to separate herds and
administer inoculations. Velvet antler is not harvested in
any Scandinavian country.

During the handlings, maverick reindeer were placed in
a separate holding pocket. After all deer in the main corral

had been identified and separated, herd owners entered
the maverick pocket where these deer weare “'auctioned."
A herder “bid” the minimum price when he roped a
maverick in the maverick holding pen. This bid was honored
by all other herders through a gentleman's agreement to
not raise the initial bid. The minimum price per deer is set
by the village council that administers local reindeer mat-
ters; the minimum price per deer is well below its market
value, so herders are assured a quick profit. Most mavericks
were immediately sold ta the slaughter facility represented
at the corralling.

The money paid by herders for maverick deer goes to
the local village council that administers reindeer matters,
This money Is turned back into the local reindeer industry
through the purchase of materials for corrals and fences,
payment of helicopter charters, and transport expenses.
Village councils are composed of prominent individuals in
the surrounding region, many of whom are reindeer
herders.

In Sweden, 2 minimum of 1000 reindeer is needed before
a herder can be financially self-sufficient. Herders who own
at least 1000 reindeer enjoy a comfortable standard of living
that is roughly comparable to that of well-established
farmers in rural America. We were impressed with the quali-
ty of herder's homes, corrals, and equipment. Most herds
are inherited; “new" herders infrequently break into the
business. Usually this can only occur Iif they have con-
siderable experience working for another herder, if they can
arrange to borrow reindeer or finance a loan to purchase
them, and if they get approval for ownership from the local
village council.

In Sweden, reindeer are essentially free from predators.
Brown bears (Ursus arctos), wolves (Canis lupus), and lynx
(Lynx canadensis) are exiremely rare, and wolverines (Gulo
qulo) are scarce, Ravens (Corvus corax) are considerad to
be the most serious predator of reindeer since they occa-
sionally prey upon newborn fawns. Losses to traffic and
trains equal or exceed losses lo predators. The Swedish
government reimburses herders for reindeer killed by
predators or vehicles when herders show proof of such
losses.

Slaughter Facilities and Meat Inspection

In 1985, approximately 75,000 reindeer were slaughtered
for commercial use. This contributed less than 5 percent
of the total meat produced in Sweden. The remaining 95
percent consisted largely of domestic and imported beef
and pork, although other game, e.g., moose (Alces alces),
roe deer (Capreolus capreolus), ptarmigan (Lagopus spp.),
and Capercailie (Tetrac urogalfius), are also produced.
Roughly 15,000 additional reindeer were killed for personal
use by Lapps.

We were able to visit all three types of slaughter facilities
used In Sweden: a permanent plant where reindeer were
slaughtered and some finished products were processed,
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a semipermanent field slaughter facility where reindeer are
killed, and the head, legs, skin, and viscera removed; and
a mobile siaughter operation that prepared carcasses as
semipermanent field slaughter facilities but which traveled
to corrals. In addition, some deer are slaughtered for local
use by Lapps using methods that are similar to those used
by Alaskan herders.

Mobile field slaughter

The mobile operation consisted of a 5- to 10-ton flat-bed
truck fitted with an enclosed refrigeration unit and rail
system, a small trailer, and several free-standing skinning
cradles, The truck and trailer were backed into an opening
at the edge of the main corral. Each reindeer was killed
with a captive bolt gun, and immediately bled by slitting the
throal, as its owner delivered it to the buyer. The carcass
was then decapitated and placed belly up in a skinning
cradle, The hide was opened from neck to anus and along
each leg. Legs were removed below the knees (carpal and
tarsal joints), and the hide was loosened almost to the back.
The skinning cradle holding the carcass was then slid to
a rail located on the back of the truck. A singletree was
placed between the deer's hocks and then chained to the
rall. When four deer were attached to the rail, they were
raised to a hanging position by a hydraulic ram powered
by the truck. The hides were pulled free, and all viscera
removed. The inside of the carcasses were rinsed with
clean, hot water, and the finished carcasses were hung
from rails Inside the refrigeration unit.

Semipermanent fleld slaughter facility

The plant that we visited consisted of a large guonset-
shaped tent (about 20 » 40 x 15 feet) erected over a ce-
ment pad, an elevated killing deck at one and of the tent,
a rall system from the killing deck through the inside of the
tent, a skinning cradle, and a hide puller. Such facilities
have a large (500-1000 gal.} water tank equipped with a
heating element, or a mobile tank mounted on a trailer.
Semipermanent facilities are established at corrals in areas
far from permanent slaughter facilities and are rarely
relocated. Although this facility was not processing reindeer
the day we visited, we were told that it can slaughter about
150 reindeer per 8-hour day. Reindeer are slaughtered in
the same manner that will be described for the permanent
facility.

Permanent slaughter plant

We visited one of the two principal slaughter and pro-
cessing facilities in Sweden (Sameprodukter AB). Located
in Harads, It is near the center of Swedish Lapland. Five
or six smaller processing plants are located throughout
Sweden but none of them slaughter reindeer. Instead, they
receive whole carcasses and merely cut and wrap finished
products. The plant that we toured mainly handies reindesr,

8 Agrohorealis

although moose, ptarmigan, and Capercallle are also pro-
cessed. Since all of these species are available only dur-
ing the fall and winter, the plant experiences a long period
of inactivity during the spring and summer. This imposes
a financial hardship that significantly contributed to its
bankruptcy several years earlier (following the bankrupt-
cy, Lapps purchased a controlling interest in the plant and
reopened it to ensure a market for their reindeer and to pro-
vide local jobs), To minimize this problem, the other large
slaughter and processing facility in Sweden handles fish
and berries during the summer and fall,

Sameprodukter purchased reindeer from individual
herders at the corrallings. During corrallings, one holding
pen was reserved for deer sold to the slaughter facility. Deer
were loaded from this pen onto a large, two-tiered transport
truck owned by the slaughter plant. They were taken to the
plant and released into large holding pens located behind
the facility. Deer spent 1 to 3 days in these pens lo cool
and settle down. During this time, the deer were given
brome hay and fresh snow, but little of the hay was actual-
ly eaten.

On the day of slaughter, three or four workers arrived at
the plant 3 to 4 hours before the first reindeer were to be
handled to clean and set up the equipment. Fifty to one-
hundred deer at a lime were moved to a small holding
pocket that led into the plant. Four to six deer were brought
into a knocking room within the plant and killed using a cap-
tive bolt gun. They were hung from a rail, bled through the
thoracic inlet, and decapitated. Tongues were removed for
packaging, and the antlers were taken for sale to Koreans;
hard antlers sold for $2 to $4 per pound. Herders even col-
lect shed antlers to sell to Koreans and local craftsmen.

The deer were then placed belly up in a skinning cradle.
The hide was opened from neck o anus and along each
leq, the ribs were loosened along one side of the sternum
with a knife, and the esophagus was tied. The carcass was
again hung from the rail system and moved to a hide puller
where the front legs were clamped to a stationary bar. A
chain was fastened to the front leg skins; as this wound
onto a rotating spool, the hide was pulled from the front
toward the back of the carcass. The hide puller was used
only on bulls and steers; the hide on females and fawns
was easily pulled by hand. Hides were banded into bundles,
placed on pallets, and sold for $4 to $5 each.

The skinned carcass was moved along the rail system
to the area where it was eviscerated. The abdominal wall
was split along the midline allowing the viscera to fall into
a stainless steel tub for inspection. The diaphragm was cut,
and the heart, lungs and liver were removed; surprisingly,
these were sold as dog food| The inside of the carcass was
flushed with clean, hot water, moved to a section of rail that
was attached to a scale, and weighed. A muscle sample
(roughly 8 ounces.) was taken from the neck. Tissue sam-
ples were sent to Stockholm as soon as the day'’s slaughter
was finished where they were analyzed for radioactive con-
tamination. Sameprodukter corresponded with the labora-
tory where radioactive contamination was monitored via



Reindeer in a coniferous forest typical of
many winter ranges.

Reindeer in a holding pocket during a
handling in northern Swaden; the tethered
deer were tame and used as decoys to lure
the herd into the main corral.

A Sami herder In traditional garb oversees a typical reindeer
handling in northern Sweden.

Reindesr mill about in & cloud of steam as Sami raeindeer herders
wield their ropes.

Lapp herders deliver a reindeer to its holding pocket during a
handling in northern Sweden,
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computer, so the results of tests were received the next day.
The carcass was allowed to air dry, and an inspection seal
was applied if the meat was clean and the level of radiocac-
tivity did not exceed maximum allowable limits (see below),
Carcasses weare then frozen whole and unwrapped until
needed.

We were impressed with the efficiency and cleanliness
of the slaughter operation at this facility. This plant can
slaughter up to 46 deer per hour; during a 16-hour day,
the plant had recently handled 850 reindeer. Even so, the
meat inspector indicated that improvements could be made
that would make this 20-year-old plant more efficient. The
six-person skinning crew was paid roughly $9.00 per car-
cass; other employees at the plant (e.g., meat cutters) were
paid by the hour. Most employees at the plant appeared
to take pride in their work, and we were told that turnover
in the work force is low.

In addition to slaughtering reindeer, the facility at Harads
also cut and packaged reindeer products. In fact, it is more
profitable for this facility to sell finished (cut and wrapped)
products than whole or partial carcasses. When an order
was received, carcasses were thawed for 1 to 3 days and
cut into large sections (ribs, saddles, front legs, and hind
quarters). The less desirable portions, e.g. the ribs and
shoulders, were boned by hand; this meat was ground in-
to & product resembling burger, or made into skav which,
when prepared, resembles chipped beef. Bones were sold
to a company in Finland that grinds them for dog food. Sad-
dles were sold whole, especially fawn saddles, or cut into
chops. Hind quarters were made Into roasts and steaks.
Some roasts were sent to another plant where they were
smoked, but returnad to the facllity in Harads to be trimmed
and wrapped. Products processed in the plant received a
separate seal of inspection from the slaughter facility,
although both seals were administered by the same
inspector.

Meat inspection

In Sweden, inspection standards for reindeer and cattle
are lidentical. Meat inspectors (specially tralned
veterinarians) conduct an antemortem inspection to ensure
that deer to be slaughtered are in good health, and a
postmortem inspection to assess general body condition
and look for gross abnormalities in the viscera (e.g., ex-
treme parasitism, abscesses, or tumors). The most frequent
causes of condemned meat are radioactive contamination
and emaciation.

Field-slaughtered reindeer can be distributed throughout
Sweden only if a meat inspector is present during the
slaughter operation. If a meat inspector is not present, meat
can only be marketed locally. Reindeer slaughtered at the
permanent facility can be marketed anywhere in the worid
since the meat inspector is always present. Each meat in-
spector Is assigned to a specific permanent slaughter facili-
ty; he is responsible for inspection at all slaughter opera-
tions in the field and at the plant that employs his facility.
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Marketing Reindeer
Wholesale marketing

We met with the managing director and reindeer pur-
chasing agent of AB O Annerstedt, a wholesale marketing
enterprise based in Stockholm. Surprisingly, they indicated
that, although reindeer are a common source of protein with
a long history of use in northern Sweden, reindeer are not
immensely popular in southern, urban portions of the coun-
try for several reasons. Reindeer compose less than 5 per-
cent of the total meat produced in Sweden; therefore, its
limited availability makes it a specialty item. This precludes
broad public exposure and raises prices. This problem of
is compounded by the seasonal availability of reindeer,
Most importantly though, after the accident at Chernobyl,
all game meat produced In Scandinavia is now viewed with
suspicion by consumers. As In the New Zealand venison
industry, Swedish reindeer distributors consider the United
States to be a huge potential market for reindeer products
because the low fat content of reindeer appeals to affluent,
health-conscious consumers.

The marketing chain for reindeer is more fully developed
in Sweden than in Alaska. In Alaska, no clear path exists
among suppliers (Inupiat reindeer owners), processors
(staughter and meat processing facilities), wholesalers
(distributors), and retailers (outlet establishments).
Slaughter is conducted in the field. Processors purchase
whole or partial carcasses and produce chops, roasts, stew
meat, or sausage, and often retail their own products. With
one exception, wholesale distribution of reindeer products
has been by-passed in Alaska. Since no inventory of frozen
carcasses has been maintained, reindeer have frequently
been unavailable when demanded by buyers, and markets
for reindeer (beyond local markets) have often been nonex-
istent during periods favorable for supply. Ultimately, this
has frustrated both herd owners and entrepreneurs who
have wanted to market raindeer.

In Sweden, Annerstedt purchases reindeer from the
Lapp-owned slaughter facility, Even though Annerstedt
does not deal directly with Sami herders, their personnel
clearly understand the fundamentals of reindeer husban-
dry and respect the problems faced by Lapp herders. The
slaughter facility benefits herders by providing a constant
outlet for reindeer; likewise, since this facility maintains a
reserve of frozen carcasses, the supply of reindeer to An-
nerstedt is reliable and predictable.

Annerstedt conducts marketing research as it relates to
their products and aggressively seeks new retail outlets and
ways to market reindeer. They actively promote reindeer
products in tasteful and effective advertising campaigns
directed at retall markets and the public.

Retaill marketing

Most of the reindeer products that we saw on the shelf
in Stockholm were in specialty shops that were housed in
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A transport truck used to haul reindeer betwesn surmmer and winter
ranges.

A Sami woman readies her lasso as
raindeer race by in the working pocket of
a large corral,

in northern Sweden.

The body cavity of a small reindeer is rinsed
at a parmanent slaughter facility. A crew boning reindeer meat at Sameprodukter af Harads.
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what looked to ba a large, old hall. Since individual shops
were not enclosed, the hall maintained an open at-
mosphere that combined characteristics of farmer's
markets and cheese shops that are common In urban
America. Independent establishments sold loaves of fresh-
baked bread, fresh fish, fruits and vegetables, and game
meat. Al one end of the market, a delicatessen sold
beverages and hot meals and provided tables where food
purchased at the shops could be eaten. Reindeer steak sold
for approximately $6 to $7 per pound. Several types of
reindeer sausage and salami were also available at
somewhal lower prices.

While in Lapland, we ate at a restaurant that featured
reindeer dishes. The chops that we ordered were good, but
tasted as if the deer had been excited when slaughtered.
We also tried renskav, which was excellent! Skav is made
from both reindesr and moose (renskav and algskav,
respectively) at the facility in Harads, Since It is made with
meat from the front quarters, it complements the produc-
tion of steaks, chops, and roasts. Renskav is the most
widely accepted and popular reindeer product produced
in Sweden according to Annerstedi and Sameprodukter
personnel; it does not require mixing reindeer with beef or
pork.

It is noteworthy that we observed tanned reindeer hides
(hair on) for sale in the Anchorage Intemational Airport for
$120 aplece! Currently, there is no commercial outlet for
Alaskan reindeer hides; therefore, these skins probably
came from Scandinavia or Canada.

Radioactive Contamination

The nuclear acclident that occurred in Chernobyl,
U.S.8.R., during April of 1986, imposed long-term, com-
prehensive effects on the entire Scandinavian reindeer in-
dustry. Reindeer and caribou are particularly vulnerable to
radioactive contamination because they feed heavily on
lichens during winter. Lichens absorb nutrients directly from
the atmosphere so0 tend to concentrate airborne pollutants.
Reindeer primarily acquire radioactive pollutants through
lichens, not from direct exposure to radiation.

In Sweden, the maximum allowable level of contamina-
tion in fresh muscle tissue is 300 bg/kg for Cesium-137,
and 400 bg/kg for Cesium-137 and -134 combined. In com-
parison, the maximum allowable level of Cesium-137 in Nor-
way is 8000 bg/kg, while in Finland it is 1000 bg/kg. The
extreme disparity in maximum allowable levels of radioac-
tivity among nations suggests that biologically significant
levels of contamination still need to be determined.

Although all reindeer ranges in Sweden received some
radioactive fallout, primarily as Ceslum-137 and -134, the
distribution of contaminants was not uniform. Variations in
slope and the moisture content of lichens, as well as the
geographic pattern of precipitation soon after the Chernoby!
accident, caused some areas to receive more contamina-
tion than others. In the least contaminated areas of Sweden,
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more than 80 percent of all reindeer exceed the maximum
allowable level of radioactive contamination for human
foods; in ranges highly contaminated, 85- to 100-percent
of all reindeer exceed these limits. For example, of 24
reindeer purchased by Sameprodukter from an area north
of Harads and slaughtered on 12 November 1986, only one
was under the 300 bqg/kg limit (290 bg/kg); the mean level
of radlation was 685 bg/kg (SD 155), and the highest level
was 1066 bg/kg. Of 175 reindeer purchased on 20
September 1986, none were under 300 bag/kg limit; the
mean level of contamination was 7385 bq/kg (SD 2780),
with a range of 2349 to 23673 bqg/kg. In comparison, we
found the mean level of radicactivity for 13 reindeer from
the Seward Peninsula (Nome and Wales) tested during
December 1986 to be 63 bg/kg (SD 23). A small sample
of lichens (n®4) collected near Nome had a mean value of
124 ba/kg (SD 44), while two moose had an average of 17
bg/kg (SD 8.5).

No direct mortality of adult reindeer or fawns was ob-
served in Swedish reindeer herds during the nine months
following Chernobyl. Such impacts are not anticipated,
though no-one knows what the long-term effects of such
widespread, intense contamination will be, especially when
combined with range problems resulting from overpopula-
tion by reindeer.

The principal impacts of radioactive contamination on the
Swedish reindeer industry have been on marketing and on
aspects of the Sami culture itself. Much of the marketing
problem stems from the arbitrarily low maximum level of
contamination Swedish officials have established for human
foods. There is some speculation that, even before the
Chernoby| disaster occurred, many Swedish reindeer ex-
ceeded the 300 bg/kg limit, as a result of fallout from tests
of nuclear explosives during the 1860s. Until Chernobyl,
however, reindeer meat was not monitored for radioactive
contamination. Hesearch is now being conducted to deter-
mine the relationship between the level of radioactive con-
tamination in foods and the threat to human health. The
Swedish reindeer industry is hoping that tolerable levels
of contamination will be elevated to levels comparable to
Norway or even Finland (see above).

Since Annerstedt has invested in the development and
promotion of reindeer products in Sweden, they are con-
cerned about the effects that radioactive contamination of
reindear will have on public acceptance of reindeer pro-
ducts. Annerstedt would like to purchase reindeer from
Alaska and promote them as free from contamination to
maintain existing markets. However, initial queries explor-
ing the cost of shipping frozen reindeer carcasses from
Nome to Stockholm do not look promising.

Sami herders are not suffering financially as a result of
Chernobyl since the Swedish government is purchasing all
contaminated carcasses and disposing of them at fur farms.
In fact, the government actually raised the price paid for
contaminated meat above that previously paid by slaughter
facilities for uncontaminated meat! Subsequently,
Sameprodukter voluntarily raised its price accordingly.



Reindeer carcasses drying before freezing;
subcutaneous fat is apparent on only one
carcass.

Uncontaminated reindeer carcasses thaw before being processed
&t Sameprodukter at Harads.

Hemorrhaging evidert on the second car-
cass from the left probably occurred during Reindeer carcassas drying before being frozen with cans of finished
transport via truck. products in the foraground at Sameprodukter.
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Lapps are being affected by the contamination problem,
as it specifically relates to reindeer, in two ways: they are
afraid to eat their own reindeer, a source of protein that
figures prominently in their traditional diet, so must buy
alternative types of meat; also, they are dissatisfied know-
ing their reindeer are merely being disposed of as animal
food. In the past, Lapps have taken pride in a product that
they considered worthwhile. At least one young herder that
we talked to indicated he was considering getting out of
the reindeer business largely because it is not satisfying
lo produce "“mink food."

Food supplements high in potassium are being tested
to see whether they reduce levels of radioactivity in reindeer
tissue. In addition, experiments are being conducted to see
if levels of contamination in reindeer can be reduced by pro-
viding full rations of uncontaminated foods for a short
period. The slaughter facility we visited also intends to
slaughter some reindeer during late summer and early fall
of 1987. During summer, reindeer eat proportionately more
grasses and sedges than lichens; therefore, the slaughter
facility hopes that reindeer will have proportionately lower
levels of contamination at this time.

Conclusions

1. Mechanized transport, both on- and off-road, has
brought major changes to Sami herding practices. While
reducing the workload of herders, mechanization has also
introduced new problems to an old industry. Government
subsidies confound determining optimum levels of invest-
ment in such means of transport from a purely economic
approach.

2. Field slaughter is a practical and useful alternative
to slaughter using permanent facilities if done in a proper
manner,

Reindeer carcasses contaminated with radicactive falfout from
Chemacbyl; contaminated carcasses have been sprayed with pur-
ple aye.
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3. Permanent slaughter facilities a) ensure a high stan-
dard of quality and cleanliness while slaughtering and pro-
cessing reindeer, and b) maintain an inventory of frozen
reindeer carcasses which provides a steady outlet for car-
casses from herders and which serves as a dependable
source of reindeer for distributors (i.e., they damp oscilla-
tions in supply and demand for reindesr),

4, Wholesale distributors promote reindeer products and
actively explore new ways to market them.

5. A nuclear tragedy the magnitude of Chernobyl could
have disastrous consequences for the Alaskan reindeer in-
dustry given the low probability of subsidization by state
or federal governments. Initially, this would restrict
marketability more than increase mortality or diminish pro-
ductivity of reindeer.

6. AB O Annerstedt is interested in purchasing reindeer
meat from Alaska. Inspection requirements and logistics
for a sample shipment of meat are currently being
investigated. |
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Equipment used to produce renskav, a reindeer product popular Reindeer products on display in a Stockholm meat market,
throughout Sweden.
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Barley, one of the world's oldest grains, is produced com-
mercially in Alaska and is available for use in food products.
Unlike many other barley-producing areas, Alaska's far-
mers produce hull-less barley as well as covered barley.
Although covered barley is preferred for making beer, hull-
less barley is better suited for use in other human food pro-
ducts (Bhatty 1986). Its lower fiber content and improved
performance as a food product ingredient makes the use
of this hull-less grain a good way to capitalize on the *“grown
in Alaska'' theme thal is increasingly important to Alaskans
and tourists.

Recent trends in bread sales indicate that American con-
sumers are more and more frequently selecting variety
breads in stores for home use (Raskin 1980, Milling and
Baking News 1980) and in restaurants (Rich Products, Inc.,
1980, Wheat Flour Institute 1880). Any bread other than
white loaf bread is considered a variety bread. Whole-wheat
bread is the most popular of these, although new variety
breads continue to be developed to capitalize on their in-
creasing sales appeal (Raskin 1980). Consumers report that

* Affiliate Assistant Professor of Food Science, Agricultural
and Forestry Experiment Station, Fairbanks.
**Professor, Department of Food Technology and Science
and Agricultural Experiment Station, University of Tennessee,
Knoxville, Tenn.
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nutrition, taste, and texture are important factors in their
bread choices (Milling and Baking News 1980). Because
barley has a positive nutritional and healthful image among
consumers, products containing barley have an increased
sales appeal (Moore 1980). A formula for the successful
production of a 20 percent whole-grain Alaskan barley
bread has been developed. Consumers like the appear-
ance, texture, and flavor of this bread made with Alaskan
grown barley,

Formula and Production

A whole-grain barley bread formula (table 1) was de-
veloped for production using the straight-dough method that
is common in smaller bakeshops (Ponte 1881). The steps
in this procedure are outlined in Table 2. The straight-dough
procedure is also the method commonly used in home pro-
duction. All of the ingredients in this formula are common-
Iy used in commercial bread production; the formula levels
have been adjusted to enhance the barley bread's charac-
teristics and flavor {Dubois 1978). Therefore, special note
should be made of the ingredients and dough
characteristics if bakers are going to produce this bread
successfully.

The 'Thual' hull-less barley, which was used to test the
formula, was produced in Delta during the 1983 growing




Table 1. Alaskan whole-grain barley bread formula.

Amount
Ingrediant (Bakers percent') Method
Bread flour 50.00 Add flours to mixer bowl; combine flours,
Whole-wheat flour 30.00
Whole-grain bariey flour 20,00
Yeast (dry) 3.00 Soften yeast in warm waler.
Water (108°F) 3.81
Wheat gluten 2.50 Piace remaining dry ingredients and shortening In mixer bowl with flours; add
Malt flour 0.25 softenad yeast.
Sugar 7.00
Sodium stearoyl lactylate 0.50
Sall 2.00
Shortening 3.00
Non-fat dried milk solids 3.00
Water (74-75°F) 60.97 Disperse yeast food + oxidants in a portion of the water; add water containing
Yeast food + oxidants? 587 yeast food + oxidants and enough water to make a dough,*
Instructions:

1. Turn into a lightly greased bowl. Cover. Let rise at 93°F and B6 to 90 percent relative humidity until double in bulk.
2. Punch down and allow to underge an Intermediate proof at room temperature for 12 to 15 minutes.
3. Scale and mold tightly, pan and proof loaves at 93°F and a relative humidity of 86 to 90 percent until the dough height is slightly

above the top of the pan,

4. Bake prooled loaves at 425°F until brown and bread sounds hollow when tapped.

"Bakers parcent: all Ingredients are measurad as percent of total Rour weight; flour weight = 100 parcent
*Yaast food + oxidant system used was Carbrea® -Tabs, manufactured by Cain Food Industries, inc., Dllu ™.

Measurad n parts par million,
*if yeast food + oxidants are omifted, |ust add anough water to maks a dough.

Table 2, Straight-dough procedure.

Table 3. Particle size distribution of Thual barley flour.!

Step Definition Scraen analysis Flour (%2

Mixing Dry and liquid ingredients combined. On US #20 sieve 0.18

Dough development Cohesive dough formed; kneading. On US #40 sieve 9.44

Farmentation Yeast produced CO;, dough doubled in On US #100 sieve 51,14
bulk. Through US #100 sieve 39.23

Punching Dough reduced to original bulk: O in- Determined according to Code f Fecersl Regulations (FDA 1983) axcept thal 8
corporated, excess CO; removed. mechanical shaker was used.

Rounding Skin formed on dough surface; CO; pre- *Pariicle sz mewls industry spscifications for regutar barley flour (Nelson, K., 1985,

vented from escaping.
Dough rested al room temperature; co-
hesive proteins relaxed.

Intermediate proof

Scaling Dough divided into units to be baked.

Molding Dough units shaped into loaves or rolls.

Panning Dough loaves or rolls placed on baking
pans.

Proofing Panned dough units allowed to double
in bulk.

Baking Dough units transformed to bread/rolls;

bread was done when tapping produced
a hollow sound.

season. The grain was ground to produce a whole-grain
barley flour. Because barley flour tends to absorb water
more slowly than does whole-wheat flour (Cunningham et
al. 1955), the barley flour was ground finer than is typical
for whole-wheat flour. Use of a finer flour increased the rate
at which water was absorbed and eliminated a prolonged
dough development period. Particle size distribution of the
whole-grain barley flour is reported in Table 3.

Values for protein, fat, crude fiber, ash, and car-
bohydrates, all important indicators of barley flour quality,

personal communication. Minnesota Graln Pearling Co., Cannon Falis, Minn.}

Table 4. Proximate analysis for Thual hull-less barley flour
on a 14 percent moisture basis.’

Flour component %
Protein 10,50 + 0.152
Fat 2.28 + 0.76°
Crude fiber 1.32 + 0122
Ash 226 + 0.402
Carbohydrate 69.642

\Datermined using ADAC methods (ADAC 1980),
Maan + standard deviation, whers n = 3.
*Netermined by differance.

are reported in Table 4. The fat, crude fiber, and ash values
approximated the levels found in whole-wheat flour. Pro-
tein content of Thual barley produced in the Delta Junc-
tion area of interior Alaska ranges from approximately 11
to 14 percent (Husby 1987, Uiz, personal communication?
1987); protein content of the Thual barley that was grown
during the 1983 growing season was 10.5 percent. An in-
crease In protein is assoclated with a corresponding

'K. Ulz, Kobuk Feed and Fuel, Fairbanks, Alaska.
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decrease in carbohydrates, malinly starch (Swanson 1986).
Because barley protein is known to be of poorer quality than
is wheat protein (Cunningham et al. 1955), several formula
ingredients were included to enhance the bread char-
acteristics that consumers find desirable. The bread flour
that was used in this formula was a strong fiour (12 per-

cent protein). Strong bread flours are typically used 1o

achieve good results when variety breads are made. Use
of a strong wheat flour overcomes some of the detrimental
effects of barley flour incorparation (Dubois 1978). Wheat
gluten also was incorporated to increase the strength of the
protein, resulting in Improved gas retention and a desirable
crumb texture (Dubois 1978). Sodium stearoyl lactylate
(SSL) served a similar role. It complexes with the protein
(Tsen et al. 1971) and starch (Ghiasi et al. 1982) thus in-
creasing volume and producing a softer crumb.

Amylase enzymes, while important in all breads, are
especially important in variety breads (Himmelstain 1985).
Amylase enzymes are necessary to convert the fliour starch
to sugar. This flour sugar serves as food for the yeast
throughout fermentation and proofing, thereby improving
loaf volume. Barley flour tends to be low in amylase (Ruben-
thaler et al. 1965), therefore malt flour was included as an
ingredient to provide the necessary enzymes.

The buttermilk solids used in testing this formula were
an extremely important flavor component, Use of high-
temperature dried milk solids eliminates the slight negative
effect of milk on loaf volume (Swanson et al, 1966). A com-
bination yeast food-oxidant system also was used in this
bread, The oxidants serve to strengthen the protein com-
plex in the bread throughout mixing, fermentation, proof-
ing, and baking. The yeast food provides nutrients in a form
that can be readily used by the yeast, enhancing gas pro-
duction by the yeast and resulting in increased loaf volume
{Dubois 1978). Although this yeast food-oxidant system im-
proved the quality of the whole-grain bread, it may be
omitted.

Dough development time was slightly increased when
barley flour was an Ingredient. This increase in develop-
ment time was related to the decreased rate at which barley
flour absorbed water. The appearance and feel of the
developed barley flour dough differed from a whole-wheat
dough. A properly developed barley dough lacked a glossy
sheen and feit dry to the touch, The addition of water to
“improve'" these characteristics resulted In a wet, sticky
dough that was difficult to handle during molding.

Holes in the bread crumb, a common characteristic of
whole-grain variety breads, resulted from improper molding.
To avoid large holes in the bread crumb, tight molding was
necessary. As the size of the bread loaf increased, suc-
cessful production required more careful attention to tha
molding procedure. The holes were not a problem when
1.75-ounce rolls or small bread loaves of 11.5 ounces that
may be served at individual tables were made. Use of Thual
barley flour with higher protein levels, approximately 13 to
14 percent, also helped to eliminate this problem (Swan-
son 1986).
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Fermentation and proofing times tended to be slightly
less for barley doughs than was typical for wheat doughs.
The bread froze and reheated wall. However, staling, which
is always more rapid in variety breads than it is in white
breads, occurred when the bread was held at room
temperature for an extended period of time. The bread
should be held covered in a warm and humid environment
(Wheat Flour Institute 1980).

Consumer Acceptability

Overall acceptability of both the 20 percent Alaskan
Thual barley bread and a whole-wheat bread (table 5) was
evaluated by 4B consumers on a 6-point scale (Amerine
et al. 1965). These consumers were regular eaters of bread.
The overall acceptability rating for the barley bread was
greater than mid-point on the scale for appearance, tex-
ture, and flavor. The consumers liked the barley bread and
whole-wheat bread equally.

Table 5. Overall acceptability of whole-wheat and Thual whole-
grain barley bread.!

Bread lype
Overall accaptabllity Thual barley Whole-wheat
Appearance 4 8a? 5.1a
Texture 41a 4.2a
Flavor 4.2a 4.3a

"1 =not acoaptable and 6 =very accaplabia.
n =48; means in a row followed by like letters did not differ according 10 Student’s
t-test (o =0.05).

Costs

An added benefit when using Thual whole-grain barley
flour was a cost savings for ingredients. Since the cost of
barley flour was 37 percent less than that of wheat flour,
incorporation of 20 percent whole-grain Thual barley flour
resulted in a significant savings. The price quotes were ob-
tained in Fairbanks, Alaska, in the fall of 1986. An average
price was used to calculate savings when more than one
business sold the ingradient.

Conclusion

This formula for a whole-grain Alaskan barley bread over-
came most of the problems asociated with incorporation
of barley flour into a yeast bread. Consumers liked its ap-
pearance, texture, and flavor. Recent markeling surveys
have revealed that restaurant patrons want a greater variety
of breads. These patrons also prefer breads that are warm
when served and are baked on the premises (Wheat Flour
Institute 1980). Breads made with Alaska-produced Thual
hull-less barley flour appear to have a good potential in this
market.[]
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Observations of Effects on Agricultural Soils
Of the Artificial Enhancement of Snowmelt
In Interior Alaska

Joe G. Holty*, Koji Kawasaki**, and Tom E. Osterkamp**~

Abstract

A study of the effects of dusting the snowpack of small-
scale agricultural plots in interior Alaska with albedo-
reducing materials to accelerate snowmelt was undertaken
during the spring breakup of 1982, The main objectives of
this work were (1) to quantify the increased growing season
afforded by the earlier loss of snow cover and (2) to deter-
mine the amount of moisture infiltrated into the soil of a
prematurely thawed plot. Preliminary work over several
seasons prior to 1982 by one of the authors (JGH) as well
as the work of others (e.g., Austin and Nielson 1977; Cartee
el al. 1986; Slaughter 1969) on the use of albedo-reducing
materials in enhancing the rate of snow-melt suggested that
the timing and duration of the breakup can be altered to
praduce results more favorable to growth of crops at high
latitudes. This work formed the basis of the more com-
prehensive study described here. After completion of the
field study and submission of this paper, a report by B.M.
Bensin (1947) entitled 'Coal dust for Alaskan gardens’' was
called to our attention. This copyrighted paper describes
early work by the author similar to ours but the study lacked
comprehensive soil temperature and moisture and other
measurements.

Different types of albedo-reducing materials, delivery
systems, application rates, and application timing were in-
vestigated. Urea coated with lampblack and applied at a
rate of 200 pounds per acre with a gasoline-driven blower
mounted on a back pack gave the best results. The most
favorable time for dusting was found to be strongly infiu-
enced by fresh snow falling during the last few weeks

*Farm Supervisor, Agricultural and Forestry Experiment
Station, Fairbanks.
* *Assistant Professor Geophysics, Geophysical Institute,
University of Alaska-Fairbanks.
***Professor of Physics and Geophysics, Geophysical In-
stitute, University of Alaska-Fairbanks,
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preceding breakup. Later applications, 2 to 3 weeks before
normal breakup, produced the earliest melt. These tests
were conducted on flat and sloping land tilled by several
methods. Snowfall, soil moisture, and snow and soil
temperatures were monitored throughout the winter and
breakup period by means of thermistor, neutron probe, and
gravimetric sample measurements. Albedo and snow sur-
face temperature measurements were made with
radiometers before and after dusting and during breakup.
Soil temperature and moisture measurements as well as
thaw depth measurements were continued for several days
after complete mell. Although these data provide a suffi-
cient basis for a comprehensive modeling of the heat and
moisture transport in the soll, this has not yet been under-
taken. However, further analysis is not needed to conclude
that tillage could be started at least five days earlier on the
dusted plots than on adjacent control areas and that
moisture was enhanced by as much as 15 percent in the
first 8 inches (~ 20 cm) of soil over the control areas for
the breakup of 1982.

Introduction

There are nearly 20 million acres (8.1 x 108 ha) of virgin
lands in interior Alaska identified as having agriculiural
potential (Lewis and Wooding 1978). However, the severe
winter and variable summer conditions of interior Alaska
make agriculture an especially risky venture, The lands of
interior Alaska are under a semiarid continental climate
regime with average annual precipitation in the Fairbanks
region about 12 inches (~ 30 cm). Perhaps as much as 50
percent of this is snow (Hartman and Johnson 1978). The
growing season from last to first frost is intense, but brief;
about 110 days, with long hours of sunlight and twilight.
In some years, however, late or early frosts can shorten
this nominal growing season for some crops.

Although climatic conditions are adverse, research has
been and continues to be done to promote successful



agriculture in Alaska and other high-latitude regions. Such
improvements fall under two broad categories: biological
and technological. Development of cold-adapled plant
varisties belongs to the biological category, while artificially
heating the soil under horticultural crops and trapping solar
radiation under clear plastic are examples of technologies
that have proved successful under Alaskan conditions,
Although it is not well documented in an Alaskan
agricultural context, another technique that falls under the
latter category is accelerating snow melt at spring breakup
with albedo-reducing materials (Austin and Nielson 1977,
Slaughter 1969). Such a strategy may extend the growing
season while enhancing moisture infiltration of the soll,

Causing the snowpack to disappear at an earlier time
than normal by darkening its surface with albedo-reducing
materials should permit an earlier dry down so that field
operations may commence earlier. Preliminary work done
by one of us (J.G.H.). suggested that the Irregular surface
of the snowpack largely immabilizes the meltwater, par-
ticularly at night. This allows greater infiltration of the
maoisture into the soil.

Management of the snowpack may lead to other innova-
tions in cultivation techniques which now require the soll
to be relatively dry for conventional spring tillage practices,
Overwintering crops such as winter wheat can benefit
diractly from the additional growth period possible with early
snowpack removal; and early snow removal may lessen
damage from snow mold (Austin and Nielson 1977, Cartee
et al. 1886, McBeath 1984). For spring-planted cereal crops,
however, it would be ideal if field operations normally under-
taken just after spring breakup could be replaced with pre-
melt cultural innovations to take full advantage of the grow-
ing season.

In the interest of enhancing the chances for success of
agriculture in Alaska and to put the technique of snowpack
dusting on a firm scientific basis, our group undertook a
detailed study of the physical parameters associated with
accelerated melt compared with normal melt of snowpacks
on small agricultural plots at the University of Alaska-
Fairbanks, Agricultural and Forestry Experiment Station
(UAF-AFES), Soil and snowpack lemperature and moisture,
solar radiation, and other parameters were monitored
through the 1981-82 winter from initial snowfall through the
melting and dry-down periods. Our primary objectives in
making these measurements were to determine for treated
plots (1) how much time could be gained in the duration
of the growing season and (2) the increase in moisture that
infiltrates the soil over that of untreated plots. Secondary
objectives include investigations of application techniques,
rates and types of materials to use, and modeling of the
seasonal heat and moisture transport in the soil.

Experimental Background and Methods

There is a high degree of solar insolation during spring
breakup in interior Alaska with the greatest number of
cloud-free days occurring in April (Martman and Johnson

1978). Reflection of the incident (or incoming) radiation
delays breakup of the snowpack, but the increasing radia-
tion, warmer air and even rainfall at this time cause con-
siderable alteration of the snowpack surface leading to
decreased albedo. Although albedo may decrease fairly
rapidly, the cold ground temperatures and its thermal mass
tend to retard the melt. Generally, if initial weather condi-
tions are favorable, i.e., warm air temperature and high in-
solation, breakup proceeds rapidly, and much of the meit
water is lost In runoff because the near-surface frozen soil
Is still relatively Impervious,

Observations of the breakup of 1982 and those of earlier
and subseguent years, show that use of a material that
darkens the snowpack, causing absorption of solar radia-
tion initially leads to a physical alteration of the surface of
the snowpack, rapid melting of the snow in irregular jagg-
ed patches, and early exposure of the soil surface in pat-
ches that are covered with meltwater. Such premature (or
early) meltwater usually refreezes at night as a result of
lower temperatures and radiation cooling. For a normally
melting snowpack, the melting process accelarates when
the overnight low temperatures exceed the freezing
temperature by several degrees,

Figure 1 is a photograph taken during the spring breakup
of 1979 of small plots dusted with coal ash in a preliminary,
unfunded study. The 1979 breakup was ideal from the
standpoint of temperature and solar radiation and led to
the dramatic difference in the time of soil exposure that may
be inferred from the photograph.

The initial pooling of meltwater associated with artificial-
ly accelerated snow melt in areas free of snow or even
underneath a thin snowpack allows the water to act as a
heat reservoir that helps thaw the underlying soll, even
though the water surface may refreeze at night. Thus, not
enly will the snowpack melt sarlier when dusted with
albedo-reducing material, but it should allow greater reten-
tion of snowpack moisture in the thawed soil.

Figure 1. Examples of melt accelerated by coal ash 12 April 1879,
When the solf was fully exposed, some 16 inches of snow remained
in the surrounding area, requiring 12 additional days to meft,
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To quantify the snow melt under disturbed and undis-
turbed conditions, an area of the University of Alaska-
Fairbanks AFES farmland was selected for this study. This
area was subdivided into five adjacent, circular plots 56 feet
in diameter and instrumented for measurements of
temperature, moisture and other parameters. Temperature
measurements were made periodically using strings of ther-
mistors extending about 8 inches up into the snowpack and
down about 20 Inches into the soil to provide profiles
through the period of study from late fall 1981 to late spring
1882. Snowpack albedo and surface temperalure were
measured with radiometers. A combination of neutron
probe and gravimetric measurements were made to pro-
duce molsture profiles for the soil periodically through the
study period. Samples of snow and soil for the gravimetric
measurements were laken by digging pits in the snow and
soil and coring laterally or from the surface through the
winter, through the melt period, and several days after
breakup. Thawing was also investigated by probing with
a rod to the depth that soil was bonded with ice. Additional
details of these measurements are discussed below.

Dusting

Beginning in the last week of March 1882, the first of the
five instrumented plots was dusted with a mixture of urea
and lampblack using a portable, back-pack mounted
blower. The other plots were subsequently dusted after in-
tervals of several days until the final plot was treated in mid-
April. Under natural melt conditions, the farmland area of
the UAF-AFES is usually free of snow by the last week in
April. Some light snow fell after the first two plots were
treated. This snowfall permitted us to observe the effect of
new snow over a disturbed plot and evaluate the effects
of a subsequent disturbance on melt rate and soil moisture.
Earlier work (Holty, unpublished) with dusted plots had
shown that the earliest application is not necessarily the
most efficient in terms of accelerated melt since a later ap-
plication is much less vulnerable to a new snowfall.

Materials used in darkening trials were sea soil, coal ash,
lampblack, and a mixture of lampblack and prilled fertilizer.
Sea soll, a brown, dry, rough-shredded, organic by-product
of kelp refining, disperses well by blower, is light-weight and
requires only a fraction of an ounce per square foot to
achieve a significant albedo change. Coal fly ash, a waste
product of the UAF heating plant is very dark in color and
granular in nature. It requires screening to achieve a
uniform particle size and does not flow smoothly from a feed
hopper. Coal ash on snow makes a dramatic change in
albedo, but required more ash per square foot than did the
sea soil for a significant albedo change. Crushing to a fine
powder would be expected to reduce the amount required.
Lampblack (carbon), on the other hand, can be dispersed
as an extremely fine particle dust and theoretically would
be the optimum dark, yet lightweighi, absorptive material.
Indeed, about a quarter of an ounce of this material
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theoretically has a surface area equivalent to an acre.
However, lampblack is cohesive and does not disperse well
when used alone; further, it is subject to drifting in the
slightest breeze. We found that mixing the lampblack with
prilled urea fertilizer solved this problem and also had the
added benefit of producing droplets of melted snow on the
surface of which the fine carbon particles become dis-
persed, thus providing for maximum solar absorption. The
mixing ratio per acre used in these trials was between 1
and 2 pounds of lampblack to 200 pounds of urea per acre.

Figure 2 shows samples of the urea prill/lampblack mix-
ture placed on a piece of paper. Note that there Is little if
any smudging or roll marks on the paper from the lamp-
black indicating the urea and the lampblack strongly adhere
to one another. Comparison of Figure 3 with Figure 4 in-
dicates how rapidly the urea/lampblack mixture can alter
the surface of snow when there is sufficient solar radiation.
These photographs were taken between 10 and 11 AM AST
29 March 1982 some 25 minutes apart, with Figure 3 taken
12.5 minutes after application of the mixture. Note that
some of the prills have penetrated the snow cover, caus-
ing a physical alteration of the surface. This physical
change in the snow surface, together with the absorption
of solar radiation by the lampblack-covered prill, subse-
quent melting of snow in contact with aach prill, dissolu-
tion of the urea in the water thus formed, and dispersal of
the lampblack, causes a rapid decrease in albedo as may
be inferred from Figures 3 and 4. Direct albedo measure-
ments made with a hand-held radiometer confirmed the
more subjective evidence of darkening as shown by the

photographs.
Observations of Accelerated Meit
Small applications of lampbiack made a change in albedo

of 5 1o 12 percent. On the other hand, the albedos for plots
on which fertilizer/lampblack mixtures were applied in-

Figurs 2. These sampies of prills covered with lampblack show
no smearing or roll marks from the coating on the white paper.



Figure 3. Snow darkened with lampbiack/urea mixture 12.5 minutes

creased considerably and ranged from 20 to 30 percent.
A few days after application the difference in albedo be-
tween the untreated and treated snow reached 35 percent,
but appeared to drop from this as the untreated snow rapid-
ly changed in structure. The coal ash was applied at more
than one application rate, the heaviest amount made a dif-
ference in albedo of 40 percent, but this lessened with time
as well until exposure of soil occurred. When the soil
became exposed, the difference in albedo rose further and
reached 48 to 58 percent, This range of albedo corresponds
to an eight- to tenfold increase in the absorption of radia-
tion by the soil over that by the undisturbed snow.
Figures 5 and 8 show one of the plots dusted with the
lampblack/fertilizer mixture near the beginning and end of
the melt period of 1982. Although the difference between
the treated plot and adjacent untreated areas is not as
dramatic as in the 1979 test (fig. 1), it is apparent that the
mell rate was substantially greater on the treated plot.

Figure 4, Same as Figure 3, 25 minutes later (total lapsed time from
initlal dusting: 37 minutes).

The earliest date of complete melt for each application
was observed. Reduction in snow depth with time prior to
the exposure of soil was recarded. As soon as the soll was
first exposed, depth measuremants to the thaw/freeze in-
terface were made by probing to the frozen layer with a
bronze rod. The thaw penetrated rapidly, and the surface
soil moisture dropped below saturation due to deepening
of the thaw zone as well as 1o evaporative losses; the
earliest date al which the soll at each trial plot could sup-
port traffic and tillage was recorded. All four plots that had
been dusted were free of snow by 28 April 1982, while about
5.5 inches of snow remained on the untreated plots,

Soil Moisture

Soil moisture was observed at the sites soon after stan-
ding water had disappeared indicating that the surface soil

Figure 5. Example of ferfilizerffampblack-darkened piot, fate March
1982,

Figure 6. Same plot as Figure 5 shortly before complete melt, late
April 1982,
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had absorbed all the moisture available from the snow melt.
This was done when the soll surface changed from a glossy
to a flat appearance. Moisture was measured both by
neutron probe and gravimetric sampling throughout this
period. Gravimetric sampling included use of a small hand
vacuum pump and coring tube to exiract the saturated soil
from the surface as well as digging pits and taking samples
horizontally in the pit wall. Figure 7 shows examples of two
moisture profiles on one of the treated plots down to a depth
of about 110 inches just before (21 April 1982), at (28 April
1982), and just after melt (2 May 1982) when the soll sur-
face had dried sufficiently to be walked on. The upper 50
inches of values include both gravimetric and neutron pro-
be dala. There is a clear indication that moisture had in-
filtrated the soil with an increase of as much as 15 percent
in volume within the first 8 inches,

It should be noted (fig. 7) that the relatively high values
of moisture found at about 39 inches were not observed
in moisture profiles made in fall 1881 indicating moisture
accumulated in this zone through the winter.

The earliest date on which tillage could be done can be
determined without sophisticated instrumentation or pro-
cedure. The soil moisture conditions changed so quickly
during this inltial thaw period that there was a very clear
demarcation from one day to the next in the physical con-
ditions of the soil which were readily cbserved by eye and
by probing to the thaw/freeze interface. Minimal compac-
tion occurred within a day of the time when earliest tillage
could be performed. This was especially evident for plots
on which the snow cover was melted artificially. In com-
parison, the soil of adjacent, untreated plots was still ex-
tfremely wet, A clear indicator of the time at which traffic
can be borne is when a footprint no longer indents the soil
surface. A soil smear or sticking test reflects, to a degree,
problems to be encountered in tillage or if wet clods would
be formed. The slit-loam of the Fairbanks area crumbles
easily when past the sticking phase. Under normal weather
conditions, there may be only one day between, for exam-
ple, the time when the soil sticks to a disc blade and the
time when tillage can be done effectively.

Soil Temperature

Soil temperature profiles during spring melt respond
directly to loss of depth of snow cover. Figure 8 shows a
set of temperature profiles on the same plot as Figure 7
taken from six weeks before to a few days after complete
melt. The slope of the temperature profile to a depth of
about 20 inches changed steadily from a negative to a
positive one, so that, when the snow was still covering the
soll (2 to 4 inches), the surface soil temperature was at or
very near the freezing point. In the soil the temperature
decreased with soil depth to at least 20 inches. As soon
as the snow melted and the soil was fully exposed, the sur-
face soil temperature rose quickly, but the time it took for
the soil temperature to rise above freezing increased with
increasing depth.
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Thaw Penetration

On each of the five instrumented sites, the depth of thaw
was obsarved regularly after complete melt by probing with
a metal rod to the layer which was still frozen. This was
continued until the thaw depth was over 20 inches, where
it became more difficult to determine a precise depth to the
frozen layer. These observations, graphed with time (fig.
8) give an indication of the nature of the thaw penetration.
Over a short duration after soil exposure, the thaw vs. time
appears very linear. If anything, the deviation from this is
the opposite of what might be predicted (given a uniform
moisture content and constant thermal properties), as the
rate of thaw per day appears to increase with time after

Soil Surface
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Figure 7. Soif moisture vs. depth just prior to breakup and shortly
after breakup.
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Figure 8. Temperature vs. depth chronologically through ac-
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prior to exposure of soil to direct insolation.
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Figure 9. Thaw panetration vs. days after first exposure of soif show-
ing & roughly linear progression of the thaw front beginning with
the first exposure of the soil surface.

10-14 days. This behavior is likely to have been a result
of meteorological conditions, the driving force for the thaw,
Small short-term variations in the curve seem to lag behind
the variations resulting from short warming or cooling trends
in the weather. Finally, it should be noted that even though
each site was snow-free on a different day, the penetra-
tion of the thaw front proceeded at nearly the same rate
thereafter.

Summary, Conclusions and Future Plans

Working under the hypotheses that 1) earlier tillage might
be possible if the snowpack melt were artifically accelerated
and 2) greater meltwater infiltration in the soil would result
from an earlier melt, the minimum observations deemed
necessary for the study were 1) soil temperature and 2) soil
moisture through the melt period and a few days beyond.
However, to gain a more comprehensive understanding of
the melt process, baseline values of soil temperature and
molsture, total snowpack moisture and temperature, and
snowpack and soil albedo, as well as their evolution dur-
ing the course of the winter, were monitored. Our conclu-
sion is that dusting the snowpack is beneficial from the
standpoint of earlier tillage and greater entrainment of
meltwater. These conclusions, however, must be held as
tentative because we have observed the complete process
through only one melt season.

Because of the small scale of the project and the single
study season, economic viability of the technique of dusting,
application rates, and other criteria that would make the
technique routine could not be fully examined. Our obser-
vations suggest, however, that five to ten days may be
gained in the early part of the growing season and that

moisture enhancement in the upper 8 inches may amount
to as much as 15 percent, by volume. These results are
preliminary, and detailed analyses of the temperature,
moisture, and albedo changes of the snowpack and
underlying flat agricultural land, from onset of first snow
to a month or more after complete melt, will be published
in separate reports.

We intend to make a comprehensive study of the overall
results from the data of the 1982 season as well as data
from subsequent, although less well-documented, meit
seasons. The data on albedo, surface temperature
measurements of the snow pack, and temperature in the
snow will be evaluated in a separate report. Temperature
and moisture in the soil during the breakup process will be
modelled using a program available to us.

An aspect of this research warranting further investiga-
tion with the present data as the basic data set is the obser-
vation of moisture migration to the freeze front at about
31-59 inches from a zone of saturated soll detected at a
depth of 177 to 217 inches. This zone of enhanced moisture
associated with the freeze front may provide additional
moisture for plant growth.

Another aspect of management of snowpack by dusting
Is the possibility that snow molds that cause destruction
of overwintering grain crops (Austin and Nielson 1977,
Cartee ot al. 1986, McBeath 1984) can be controlled by ear-
ly removal of the snowpack when conditions are favorable.
We have some data on this aspect of snowpack manage-
ment taken in coordination with J. McBeath of AFES; this
study will be reported later.

Finally, it may be noted that should management of the
snowpack by means of dusting as described prove feasi-
ble in the long term, other innovative technologies may be
possible. For example, with the extension of the growing
season and enhanced soll moisture infiltration, new crops
might be grown. Another is that it may be possible to
eliminate altogether conventional, time-consuming tillage
and other soil preparation practices that are done soon after
melt. For example, since meltwater can be largely confined
in place (provided the land is not too steeply sloped), solu-
bie fertilizer may be incorporated into the dusting process.
Other soii-conditioning amendments may also be incor-
porated in this way and evaluated in counteracting adverse
soil compaction and crusting around overwintering seed-
ling and annual plants.
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Introduction

Alaska's livestock producers hayve several concerns with
raising and finishing feedlot-type cattle. First, about half of
all calves born to dairy cows are bull calves and are of littie
use unless they can be fed out successfully for beef. Se-
cond, the feeding value of Alaskan-grown barley is often
questioned compared to traditional livestock finishing feeds.
Finally, costs associated with feeding out small numbers
of feediot-type cattle under Alaskan conditions are not
well documented. With the opening of the slaughter plant
in Palmer and the establishment of a ready market, feed-
ing out available dairy steers is becoming more attractive.
This study was undertaken to address some of these
concerns.

Experimental Procedures

Existing facilities at the Matanuska Research Farm were
used. They consisted of a three-sided metal shed on one
edge of a one-half-acre paddock. The shed provided a wind
and rain break, but was not insulated, and was not built
to provide artificial heat. A four-strand barbed wire fence
down the middle of the shed and through the middle of the
paddock created two pens equal in size and shape. Steel
posts were used for the perimeter and dividing fences.
Water was provided separately to each pen by a tank with
an electric water heater. Tanks were filled daily by hose.
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Performance, Costs, and Value
Of Holstein Steers Fed a Corn Diet
Or an Alaskan Barley Diet

By

Leroy Ben Bruce®, Ed Arobio**, Mary Lou Herlugson***, and Wilder Simpson®"**

Each pen was equipped with a feed trough providing 28
inches of bunk space to each animal so that all animals
could feed simultansously. No special bedding or other
facllities were provided.

Twenty Holstein steers born to dairy cows at the
Matanuska Experiment farm were used for this study. The
calves were raised in outside calf hutches prior to this study.
They were fed waste milk from the dairy for 56 days and
then grain and hay or grain and silage. When designated
for this experiment, calves ranged in weight from 400 to
750 pounds. Table 1 shows the amounts and costs of feed
used in raising the calves prior to the feedlot study.

At the beginning of this feedlot study, steers were divid-
ed into two weight groups: heavy and light. Then they were
assigned randomly to one of the two feeding groups by
alternating between weight groups until there were ten
animals per pen. The variation In starting weight was due
fo age differences. Rations were designed following NRC
guidelines (1984) for feedlot animals with either corn or
Alaska barley for the main ingredient (table 2). The comn
and barley were not processed but fed as whole grains.
Alaskan brome hay was fed to both groups to provide
roughage; limestone was added to provide calcium. Trace
mineral salt was provided free cholce in each pen. Care
was taken to see that access to ice-free, clean water was
never disrupted. Diets were fed once a day, however, bunks
were never unfilled for more than a few hours. Intake by
each group was measured daily. Weights were taken every

Table 1. Feed costs for one Holsteln steer prior to being fed

a finishing diet.

ltem Amount Costiunit Total cost

Waste milk 280 (ib) $ 18/cwt $ 53

Grain, diary mix 0.47 (t) 300/ton 141

Brome hay 11t 100fton 100

Silage 1.9 () 50/fton a5
389

Cost per pound for a 800-Ib steer =$388/600 = $0.65
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Tabie 2. Daily dietary composition and nutrient content for
a Holstein steer fed either corn or barley diets.

Table 3. Feediot performance by individual Holstein steers fed
either corn or bariey.

Barley dist Com diet
asfod drybasis asfed dry basis

Ingradient(|b}

Brome hay 8.1 6.8 8.1 6.8

Barley 17.0 14.3 0.0 0.0

Carn 0.0 0.0 16.5 14.3

Limestone 0.2 0.2 0.3 03
Nutrient content

TDN (b 16.2 166

Crude protein (Ib) 2.3 23

Calcium (gm) 42 42

Phosphorus (gmj 38 33

two weeks. Steers were switched from pen to pen every
two weeks to avoid any advantage one pen might have over
the other. Costs and the amount of time spent on each
aspect of taking care of the livestock were recorded. Steers
were fed to approximately 1150 pounds, then slaughtered,
and appropriate carcass data were taken and analyzed.

Results and Analysis
Feedlot Performance

These steers were fed through the winter, and, although
Holstein steers are not particularly adapted to winter stress,
the wind and rain/snow break provided adequate protec-
tion and all steers performed satisfactorily. Special care was
taken with bunk management because It is critical for
animals on a high-energy diet. Animals were managed so
that no old feed accumulated, yet feed was present 24
hours a day.

The corn ration showed definile advantages in steers’
{eedlot performance (table 3). Animals gained slightly over
3.0 pounds per head per day on a feed consumption of 7.38
pounds of feed per pound of gain. The barley group gained
2.5 pounds per day on 10 pounds of feed per pound of
gain. The corn group consumed 2 tons of feed (dry basis)
each to reach the desired end weight. The barley group
had to consume 2.75 tons to reach an identical end weight
and took slightly over @ manth longer to finish. This is a
typical performance profile based on the large difference

Cumula- Cumula-

tive tive
Total feed average
feed pear b daily Total
consumed  of gain gain days on

Date {It) ({57} (i) foed
Barley diet

18 Dec 85 286 4.05 5.04 14

12 Feb 86 1587 9.08 2.50 70

9 Apr 86 3104 10.97 2.25 126

4 Jun 86 4287 978 2.59 182

30 Jul 86 5148 875 264 238

3 Sep 86 549 1017 2.54 273
Comn diet

18 Dec 85 253 2.78 6.49 14

12 Feb B8 1388 6.80 2.94 70

9 Apr BE 2769 7.89 2.75 126

4 Jun 86 8575 7.24 3.16 182

30 Jul 88 3964 7.38 3.16 238

in energy between corn and barley as measured by TDN
(total digestible nutrients). Producers should have a feed
analysis done on each batch of feed as both barley and
com, but barley, especially, can vary between lots in energy
and nutrient content. Obviously, part of the decision to use
corn or barley will be based on the price diffarantial. A price
analysis on the basis of feed price and animal performance
was conducted (table 4). Based on feeding performance
alone, when corn costs $10.60 per hundred weight (cwt),
barley would have to sell at $6.63/cwt to make feed costs
equal for the period. A more general conclusion Is that
barley would have to be about two-thirds the price of corn
to be competitive. This includes the extra fead to get the
barley group to 1150 pounds, but does not include the in-
creased overhead cost of maintaining the barley group for
a month longer.

Both groups had similar carcass data (table 5), with the
corn group having a slight advantage in quality grade and
the barley group in yield grade. The slight advantage in
quality grade is typical of animals on a faster-gain track.
Both groups produced acceptable meat, bul carcasses
were slightly below the industry standards of yield grade
2 and quality grade high good to low choice. industry stan-
dards could easily be met by feeding to an end weight of
1200-1250 pounds, instead of 1150 pounds.

Tabie 4. University diet costs for entire feeding period and associated price breakdowns for one steer fed either a com or barley

diet.
Barley diet Corn dist

itam Cost/unit Cost/ib Amount(lb) Cost Amount{ib) Cost
Brome hay $150.00/ton $0.075 1753 $131.48 1280 $ 94.50
Barley 10.50/cwt 0.105 3686 387.03 0 0.00
Corn 10.60/cwt 0,106 0 0.00 2640 280,79
Limestone 17.60/cwt 0.176 652 8.15 55 9.68

Totals $527.66 $384. 97
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Table 5. Carcass characteristics of Holstein steers fed either
com or barley diets.

Table 6. Current costs of finishing a dairy steer on comn or
barley diets, Palmer, Alaska (not University costs, table 4).

Dietary group Corm diat Barley dist
Carcass measuremeant Barloy Com Variable cosls
Live weight (Ib) 11416 11442 Feed _
Hot carcass weight (Ib) 585.9 624.1 Hay $ 8450  $131.48
Dressing (%) 52.2 54.6 Corn 175.00 0
Fat thickness (in) 0.06 0.10 Barley 0 285.20
Kidney, heart, and pelvic fat (%) 3.2 3.4 Limestone 9.68 9.15
Ribeye area(in?) 11.7 111 Veterinary & medicine 4.46 4.48
Marbling score slight - slight Electricity 3.00 3.00
Quality grade low good good Repairs 25 25
Yield grade 18 292 Interest ' 1.14 1.73
Retall cuts (%) 527 51.6 Calf raising 389.00 389.00
Fixed costs
Corral, shed, waterers
Depreciation 4.37 4.37
Interest 2.18 2.18
Economic Analysis
Total cost $683.58 $830.82

The information developed in this study can be used to
estimate production costs for farmers interested in the
possibllities of finishing dairy steers in a backyard feeding
situation in the area of Palmer, Alaska. This has been done
and is summarized in Table 6.

The costs of producing any commodity—in this case a
market steer—can be divided into two components: variable
and fixed costs. Variable costs are costs that only exist
when an activity is taking place. Variable costs associated
with cattle feeding include feed costs, veterinary and
medical expenses, calf raising, repair and maintenance on
facilities, electricity, and operating interest. We are not in-
cluding labor as a variable cost, since an assumption of
these budgets is that all labor is provided by the owner or
family members. Any return to owner labor and manage-
ment is to be paid through any net return from the sale of
market steers. Records kept during the study indicated that
each steer required 14.5 hours of labor input to reach
market weight.

Fixed costs are those costs that exist even if no produc-
tion is taking place. In this analysis fixed costs are annual
depreciation and interast for the livestock corral, shed, and
watering system. Only rudimentary facilities are required,
and, on many of the new farms currently being developed
in Alaska, materials available on the farm, i.e., log poles,
eic., could be used to construct pens and shed.

Estimated costs for cattle finished on the corn diet total
$683.58 per head, while the per-head costs for animals fed
barley total $830.82. The differences in cost were at-
tributable to lower corn prices and the greater quantities
of barley required to reach market weight.

Feed costs used in the cost analysis (table 6) are the
same as those in Table 4, except for the cost of grain. In
Table 4, our actual costs are used; however, cheaper grain
can be purchased, and these costs are used in Table &
because they are more representative of what farmers can
achieve in order to maximize successful production.
Because of the low profit margins traditionally associated
with cattle feeding, success is based on keeping cosls as

low as possible. In February 1987, the cheapest com
available to the livestock producer in Palmer was through
purchase of railroad car lots from the northwest United
States. In two-car lots, approximately 190 tons, corn can
be landed |n Palmer for $133 per ton. This is more than
a two-year supply for finishing 40 steers per year, slightly
more than the capacity of the leeding situation described
in this study. However, the livestack feeder needs to ob-
tain corn at this cost level to be successful. One way to pur-
chase railroad car loads of corn economically is for several
farmers to share the cost. Barley in this study has been
priced at $155 per ton. This is the cost of purchasing barley
in Delta Junction and shipping It to Palmer. There does not
appear to be an advantage to purchases of railroad car lots
of barley from outside of Alaska. Higher per-car freight rates
for bariey, due to its lighter weight per volume compared
with corn, results in a cost of barley landed in Palmer of
$156 per ton.

In order to break even, and just cover the costs listed
in Table 6, a market price of $ .59 per pound would be re-
quired for steers on the corn diet assuming an average
weight of 1150 pounds. For steers on the barley diet, an
average market price of § .72 per pound would be need-
ed. According to the 25 February 1987 Alaska Agriculture
Market Report, Holstein steers on the St. Paul market were
selling in the range of $ .50 to $ .56 per pound for good
to choice dairy steers. Under this price-cost relationship,
market prices are not covering production costs, even fora
animals fed the corn diet. If the option of purchasing com
in railroad car lots is unavailable, corn can currently be pur-
chased in bulk in Palmer for $175 per ton. This increases
total cost per steer for animals on the corn diet to $746,94.
A market price of $ .65 per pound is then required to cover
Costs.

The major importance of this study is that, first, it pro-
vides Input requirements to finish dairy steers successful-
ly without elaborate feeding facilities or sophisticated feed

Vol. 19, No. 1, 1987 29



rations. Second, it provides information on the costs of pro-
ducing market steers. While it was not possible to show a
profit with the costs estimated in this study, this may not
always be the case, since opportunities for changes in costs
and prices exist.

Wa only included the feed costs associated with raising
calves in this study since other cost data were not available.
MNevertheless, there may not be major additional calf-raising
costs because feed is the |largest cost, and no effort was
made to limit feed costs; ceralnly reductions could be made
in feed costs. Another significant cost was hay. It may be
possible to lower this cost through alternate roughage
sources such as silage, haylage, treated siraw, etc. Pro-
duction of one's own feed versus purchass of feed may
lower cost. The relationship between costs and prices can
also change as catile prices move up and down.

While corn showed a large cost advantage over barley
in this study, for the Paimer area, a shift in advantage to
barley may occur in other areas of the state. For example,
barley is currently available in the Delta Junction area at
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$125 per ton or less. Farmers feeding steers in the Delta
Junction area would use barley because of its greater
avallability and lower cost.

Conclusions

This experiment shows that dairy steers can be successfully
finished under Alaskan winter conditions. The trial also
shows that Alaskan barley can be used as successfully as
traditional feeds, but will have to cost one-gquarter to one-
third less than imported corn, [
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Does it work?

Effect of Basic-H
On Vegetable and Agronomic Crops
And Soil Fertility at Pt. MacKenzie

By

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

In the spring of 1883, Basic-H was suggested as a means
of increasing crop ylelds and of rendering less acid the soils
in the new farming area at Pt. MacKenzie. Basic-H Is a sur-
factant also advertised as a detergent for use by surgeons
and a biodegradable cleansing agent suitable for outdoor
use. Although its exact chemical composition is a trade
secrel, the label states it contains ''28% linear alcohol
alkoxylates." Basic-H was reported in company advertis-
ing to have increased yields of corn and other crops in Min-
nesota, Kansas, and Ohio, but no tangible reference was
given. It was advertised to: 1) release soll nutrients by a
wetting action, thus building soil health; 2) be an organic,
biodegradable, phosphate-free, nontoxic, nonirritating, non-
magnetic, nonvolatile, and safe material; 3) ba a nutrient
release, a wetting agent, and a surfactant; and 4) cause
soil to absorb rain faster and to hold moisture longer in dry
weather.

Experimental Procedure

An experiment of twelve plots was |aid out 25 May 1984
on land allotted us at Pt. MacKenzie. We replicated two
treatments (no Basic-H and Basic-H) six times. All plots
received 1250 pounds 8-32-16 commercial ferilizer per acre
which applied 100 pounds nitrogen (N), 400 pounds P2Os
[176 pounds phosphorus (P)], and 200 pounds K0 [166
pounds potassium (K)] per acre. The area was rototilled,
fertilized, and planted May 25. One 15-foot row each of ‘For-
manova' table beets, 'ithaca’ head lettuce, 'Klondike
Nantes' carrot, ‘Weal' barley, 'Toral' cats, and ‘Candie’
rape were planted with a Planet Jr. seeder in each piot.

*Research Soil Scientist, Agricultural Research Service,
USDA.

* *Laboratory Technician, Agricultural and Forestry Experi-
ment Station, University of Alaska-Fairbanks.
***Biological Technician, Agricultural Research Service,
USDA, Palmer, Alaska 99645.

After planting, Basic-H (2 quaris per acre) was applied to
each of the six plots receiving this material using a sprin-
kling can filled with water, Each of the remaining six plots
received the same quantity of water using a sprinkling can
which had never been used with the Basic-H. Each of the
twelve plots were given 1 gallon of water on the following
Monday, Wednesday, and Friday which moistened the soil
surface.

Lettuce, beets, and carrots were harvested 30 August
1984. The number and weight of lettuce plants (no mature
heads had formed) and the weight of foliage and roots of
the beets and carrots were recorded. On the following day
the barley, oats, and rape were cut at the ground surface.
The entire growth of each crop on each plot was placed
in a cloth bag and dried in the greenhouse. These three
crops were threshed September 15, and weights of both
straw and grain were oblained. At this time a sample of both
straw and grain was taken from each plot of oals, barley,
and rape for chemical analyses. On August 30 a soil sam-
ple was taken from each plot. Chemical detarminations
were as follows:

1) The sail pH was determined with both water and 0.01M
CaCl; using one part soll with two parts of water or chloride
solution. The ammonium and nitrate N were extracted from
the soil with 2N NaCl and determined with a Technicon au-
toanalyzer at 630 and 520 my, respectively (TIS 1973). Bray
No. 1 extractant was used tc exiract the P which was
measured by a spectrophotometer at 860 mu (Gaines and
Mitchell 1979). Potassium was extracted with 1 N am-
monium acetate at pH 7.0 and determined with an atomic
absorption spectrophotometer at 766.5 mu

2) The plant tissue was analyzed for nitrate N with a
nitrate electrode (Smith 1975); total N and P were deter-
mined colorimetrically with a Technicon autoanalyzer (TIS
1876), magnesium (Mg) with an atomic absorption spec-
trophotomaeter following a sulfuric-selenous acld digestion
and using 1000 ppm lanthanum to control interferences
{Perkin-Elmer 1973), and total sulfur (S) using an automatic
S analyzer (Smith 1980).
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Analysis of variance was used to determine if significant
effects due to application of Basic-H occurred. The coeffi-
cient of variation (C.V.) expressed as a percent indicates
the dispersion of the individual values around the mean.
The larger the value, the greater the variation within the
experiment.

Results and Discussion

Frequent observations during growth revealed no visible
differences between the two treatments related to
emeargence or growth,

Head lettuce, table beets, and carrots

Basic-H had no significant effect on head lettuce number
or yield or on the yield or foliage to root ratios of table beets
or carrots. No mature marketable lettuce heads were ob-
tained. This probably resulted because of the lateness of
planting and because no lime had been applied (table 1).

Rapeseed

Basic-H had no significant effect on rape yield, NOs-N,
N, P, K, 8, Ca, or Mg concentrations in straw or seed, or
on N, P, K, or S uptake (table 2). Comparing the above
nutrient uptake values with those applied show the entire
rape crop recovered 145, 27, 175, and 63 percent of the
applied N, P, K, and S raspectively.

Weal barley
Basic-H had no significant effect on the barley yield,

NOsN, P, K, S, Ca, and Mg concentrations in the straw and
grain oron N, P, K, and S uptake (table 3). The total barley

Table 1. Effect of Basic-H on head lettuce, table beets, and
carrots 30 August 1984 (means of 6 measurements).

No Basic-H  BasicH  C.V.(%)
Head Lsttuce
Number (per 15-ft row) i1.7a! 11.5a 16.1
Yield (T/A) 0.75a 0.66a 63.4
Table bests
Foliage (T/A) 10.15a 8.45a 2386
Roots (T/A) 3.24a 3.02a 43.9
Total 13.39a 11.47a 271
Foliage: root ratio 3.58a 2.87a 280
Carrots
Faollage (T/A) 0.94a 0.82a 158
Roots (T/A) 2.69a 2.33a 16.1
Total 3.63a 3.15a 16.0
Follage: root ratio 0.35a 0.35a 23

crop took up 125, 15, 95, and 19 percent of the N, P, K,
and S applied, respectively.

Toral oat

Basic-H had no significant effect on the oat yield, NOx-N,
N, P, K, S, Ca, and Mg concentrations in the straw and grain
oron N, P, K, and S uptake (table 4). The total oat crop
received 128, 19, 130, and 21 percent of the N, P, K, and
S applied, respectively.

Solil test measurements

Basic-H had no significant effect on the soil pH or the
available N, P, or K 31 August (table 5).

Conclusions

Application of Basic-H at 2 quarts per acre had no signifi-
cant effect on the yield of head lettuce, table beets, and
carrots; nor did it affect significantly the yield and chemical
composition of barley, oats, and rape, or the soil pH and

Table 2. Effect of Basic-H on Candle rape yield, NOs-N, N, P,
K, S, Ca, and Mg concentrations and N, P, K, and S uptake
31 August 1984 (means of 6 measurements).

No Basic-H  Basic-H C.V.(%)
Yield (T/A)
Straw 8.33a’ B8.11a o |
Seed 0.50a 0.55a 318
Concentration (%)
NO+N
Straw 018a .018a 145
Seed .080a .084a 105
N
Straw 83a .B5a 252
Seed 3.74a 3.69a 4.1
P
Straw 20a 24a 332
Sead 1.03a 1.05a 4.5
K
Straw 1.6%a 1.73a 4.9
Seed .B6a 97a 586
S
Straw .237a 241a 13.7
Seed .358a .380a 7.8
Ca
Straw Bla J7a 13.2
Seed 52a 55a 6.8
Mg
Straw .200a .195a 111
Seed .372a 377a 43
Uptake (Ib/A)
N 142a 146a 21.2
P 43 9a 49.8a 26.7
K 291a 292a 1.0
S 43a 43a 11.0

TAny two values within a row not followad by the same |sfter are not significantly
different al the 5 percent lavel of probability
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Table 3. Effect of Basic-H on Weal bariey yield, NO*-N, N, P,
K, S, Ca, and Mg concentrations and N, P, K, and § uptake
31 August 1984 (means of 6 measurements).

Table 4, Effect of Basic-H on Toral oat yield, NOs&-N, N, P, K,
8, Ca, and Mg concentrations and N, P, K, and S uptake 31
August 1984 (means of 6 measurements).

No Basic-H  Basic-H C.V.(%) No Basic-H  Baslo-H C.V.(%)
Yield (T/A) Yield (T/A)
Straw 2.83a1 2.96a 166 Straw 3.83a" 3.82a 15.5
Seed 2.01a 1.92a 95 Seed 2.18a 2.19a 135
Concentration (%) Concentration (%)
NOz-N NOgs-N
Straw .043a 052a 279 Straw 045a .030a 36.3
Seed .002a .002a 0.0 Seed 001a 001a 0.0
N N
Straw .74a Bla 288 Straw A42a .33a 18.6
Seed 2.18a 2.14a 56 Seed 2.23a 2.19a a.7
P P
Straw d4a .18a 65.3 Straw .12a 15a 80.8
Seed Ada A5a 7.9 Seed S54da .53a 10.9
K K
Straw 2.22a 2.48a 12.7 Straw 2.53a 2.51a B.4
Seed 62a B1a 56 Seed 0.52a 0.51a 4.2
S S
Straw 1048 J102a 21.9 Straw 113a 111a 8.3
Seed .104a .104a 6.9 Seed .180a 185a 8.6
Ca Ca
Straw .30a .33a 13.1 Straw 33a .35a 10.7
Seed 072a .082a 201 Seed JA2a 1a 108
Mg Mg
Straw 12a .10a 16.2 Straw .153a .152a 8.5
Sead Jd4a .13a 4.3 Seed .152a .163a 88
Uptake (Ib/A) Uptake (Ib/A)
N 129a 11B8a 159 N 128a 121a 16.9
P 26a 27a 26.5 P .33a .36a 3.6
K 150a 169a 13.7 K 216a 216a 223
S 13a 13a 17.3 S 15a 15a 148

tAny two values within & row not followed by the same letter are not significantly
different at the 5 parcent lavel of probabliity.

extractable N, P, and K at Pt. MacKenzle. These results
were similar to those reported by Wolkowski et al. (1985)
who found no soybean yield differences or any difference
in nutrient availability as evidenced by foliar nutrient con-
tent of N, P, and K or crop protein levels with the use of
Basic-H in Minnesota.[
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Table 5. Effect of Basic-H on the soll pH and available N, P,
and K 31 August 1984.

No Basic-H Basic-H C.V. (%) SD:=

pH

Water 537a’ 5.3%9a 1.4 0.07

0.10N CaCl;, 4.83a 4.66a 1.0 0.06
Lbs, avail/A

NH-N 41.5a 39.9a 28 25

NOg-N 2.2a 1.0a 137 2.0

Total N 43.7a 40.0a 6.0 33

P 6.4a 2.7a 61.1 33

K 207a 2286a 176 41

ANy two valuns within & row nol lolowed by the same lafter are not significantly
different &l the 5 percent level of probablity
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The Agricultural and Forestry Experimem"S{ﬁm:q has and 166 Ib K {200 lb K;O) per acre as ammonium nitrate
received a number of inquiries as to the feasibility of truck and sulfate of potash, respectively. After three lo four days
crops for the P1. MacKenzie Agricultural Project, located the area was lightly rototilled, and three rows each of
40 miles southwest of Palmer. In response to these in- - ‘lthaca’ head letfuce, 'Formanova’ table beets, and 'Klon-
quiries, we conducted a field experiment on our research _dike Nantes' carrots were planted with a garden seeder.
tract in the Pt. MacKenzie area. Three vegetable crops In succeedingyears plantings were made so that no crop
which ordinarily present no insect prablems were chosen | |, ‘grew in the: in which it had grown the previous years.
as being representative, Both head lettuce and carrots are || | Head letfuce was thinned to 6-inch spacings in 1982 and
important truck crops in the Matanuska Valley, gug a limited. to 1-foot spacings in 1983 and 1984. Before harvest, 1 foot

number of table beets are also grown. x \ a ! jof row was removed at plot boundaries making each plot
'/ row 9 feet long. Each year four cuttings of mature lettuce

= heads were made at weekly intervals throughout the month

Experimental Procedure of August, and the number and total weight of the heads

were recorded. Early in September the table beets and car-
A portion of this research tract was cleared during the rots were harvested, and the fresh foliage and root weights
winter of 1981. Then a rotary plow was used twice on the were recorded.
area. During the summer, roots were removed and a field The soil in the plot area is a Kashwitna silt loam. Soil
cultivator used twice to loosen and bring roots to the sur- samples were taken from each plot to a 6-inch depth prior
face. This procedure thoroughly mixed the soil and probably to fertilization in May 1982 and after the final harvest in
avoided much of the adverse effects sometimes occurring September 1984. The soil pH was determined with a pH
in first crops on newly cleared soil. A 2 x 4 factorial ex- meter using one part soll to two parts of water. The am-
periment was laid out in a randomized complete block with monium and nitrate nitrogen were extracted from the soil
six replications. Treatments were the presence and with 2N NaCl and determined with Technicon autoanalyzer
absence of lime (0 vs 4 T/A) and four phosphorus (P) rates with 630 and 520 my filters respectively (T.1.S. 1973), and
(100, 200, 300, and 400 Ib P;Os, supplying 44, 88, 132, and the two values were combined. Bray No. 1 extractant was
176 P per acre, respectively). On 11 August 1981 the plot used to extract the P which was measured by a spec-
area was rototilled and the lime applied. The lime was in- frophotometer at 600 mu (Gaines and Mitchell 1979).
corporated to a depth of about six inches by rototilling. In- Potassium was extracted with 1 N ammonium acetate at
dividual plots were 10 by 15 feet. Fertilizer treatments were pH 7.00 and determined with an atomic absorption spec-
applied annually by broadcasting in the middie of May 1982, trophotometer at 766.5 mu (Perkin-Elmer Corp. 1973).
1983, and 1884, Phosphorus was supplied as treblesuper- There are no meteorological records for this area
phosphate. All plots received annually 100 Ib nitrogen (N) available prior to June 1884. June, July, and August of 1984
each had a monthly precipitation of about two inches. We

“Research Soll Sclentist, Agricultural Research Service, have estimated the area received about the same precipita-

USDA, Palmer. tion in each month of 1982 and much less in 1983,

* *Laboratory Technician, Agricultural and Forestry Experi- The data were subjected to a split-plot type analysis of
ment Station, Palmer. variance for a repeated measures experiment. In the
***Biological Techniclan, Agricultural Research Service, analysis of variance the whole plot effects were P and lime
USDA, Palmer. and the P x lime interaction. The subplot on repeated
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measures effects were year and all interactions involving
years. In the significance tests for the year and year interac-
tion effects, conservative tests using minimum degrees of
freedom for the required F values for significance, allow-
ing for autocorrelations among years, were utilized.

In all tables Duncan's mulitple range test is used. Means
within a column followed by the same letter are not signifi-
cantly different at the 5 percent level of probability.

Results and Discussion
Soil Test Values

Application of lime in August 1981 increased the soll pH
and depressed the available P by the following May (table
1). After the last harvest in September 1984, P applications
had had no significant effect on the soll pH or the available
N. Increasing P rates tended to increase the available P,
but was significant only with 176 Ib P per acre. After 3 years
of P fertilization, available P has not increased over that
before fertilizer was applied even at the highest (176 Ib P
per acre) annual applications. Since the crop removes only
a relatively small proportion of the P applied, this lack of
increase in available P emphasizes that this soil is capable
of rendering large quantities of P unavailable to the soil ex-
tractant and probably to the plants as well. To satisfy this
“fixing"' capacity of P, several years of high P fertilization
may be required. In September 1984 available K had in-
creased over the 1982 values and tended to decrease with
increasing P rates. This decrease probably results from the
increased plant growth requiring more K when more P was
available. The decrease in available N and K with lime ap-
plication may also be explained by increased crop removal.

Table 1. Effect of lime and the effect of phosphorus and lime
on the soil pH and avallable N, P, and K prior to fertilization
in May 1982 and after harvest in September, 1984.

Pounds avallable per acre

pH N P K
Lime (T/A) Effect of lime May 1882
0 5.88b 30a 156.2a 134a
4 6.20a 32a 8.0b 125a
LSD 5% 0.12 - 6.4 -
P (Ib/A) Effect of P September 19842
44 5.52a 135a 6.9b 548a
88 5.5%a 171a 7.4b 481ab
132 5.55a 123a 9.5ab 452b
176 5.55a 130a 14.0a 444p
Lime (TiA) Effect of lime September 19843
0 5.14b 183a 11.1a 542a
4 5.96a 98b 7.8a 421b
LSD 5% 0.07 49 - 52

‘Muans of 24 measuremants.
IMeans of 12 measuremants.
WMeans of 24 measurements.

Head Lettuce

Figures 1 and 2 show the P x year interaction. The
number of mature heads in 1982 were about double those
in 1883 and 1984 and this likely resulted from the closer
1982 spacing which was too close for good head forma-
tion. Each increasing P rate increased both the number of
heads and their yield in 1882. Although the number of
heads and yield in 1983 and 1984 increased with increas-
ing P, the difference between P rates was not always
enough to be significant.

Lime application doubled the number of mature lettuce
heads and tripled their yield (Table 2). The greatest yield
of mature lettuce obtained in 1982 with the highest P rate
and the average yield with lime over all three years are con-
siderably less than the 20 to 40 ton yields obtained from
experimental plots on Bodenburg soil near Palmer.

Table Beets

Figures 3, 4, and 5 graph the P x lime x year interac-
tion. When no lime was applied, 1982 foliage and total beet
yields were increased by the highest P rate (176 Ib per
acre). Without lime, 1982 root and 1983 foliage and root
yields were increased by P rates exceeding 44 |b per acre.
Foliage and root yields were increased in 1984 by each in-
creasing P rate through 132 Ib per acre when no lime was
applied P to the table beets in the absence of rather than
in the presence of lime. When lime was applied, 1984
foliage and 1982 root and total beet yields were depressed
by 176 and 88 Ib P per acre, respectively, loliage yieids in
1982 and 1983 and root and total yields in 1983 and 1984
were not influenced significantly by increasing P rates. Thus
when no lime was applied, table beets apparently re-
sponded to P to a greater extent each succeeding year.
But when lime was applied, there was no P response. This
lack of P response may result from the lime, rendering the
applied P less available to the plant. The increased overall
yield results primarily from the lime.

Lime application increased both foliage and root yields
in 1983 and 1984 when 44 |b P per acre was applied; root
and total yields in 1983 and 1984 when 88 and 132 Ib P
per acre were used; and root and total yields in 1883 when
176 |b P per acre was applied. Thus in the Pt. MacKenzie
area relatively high table beet yields can be attained by
either high lime or by heavy P applications along with ade-
quate N and K. The best yields are about half those ex-

Table 2. Effect of lime on the number of heads and yield of
mature head lettuce at Pt. MacKenzie, 19682-1984,

Lime Numbaer of Mature Lettuce'
(TIA) mature heads' (TIA)
0 12.7b 4.96b
4 259a 12.30a
LSD 5% 1.8 0.90

tEach value ropresents the means ol 72 measureaments,
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Figura 1. Effect of P on number of mature lettuce heads, 1882-1984.
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Figure 3. Effect of P and lime on table beet foliage yleld, 1982-1984.
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Figure 2, Effect of P on yield of mature head leftuce, 1982-1984
(six-Inch spacing in 1882 and 12-inch spacing in 1983 and 1984).
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Figure 4. Effect of P and lime on table beel roof yield, 1982-1984,
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7. Effect of P on carrot root yield, 1982-1984,
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Figure 8. Effect of P on carrol foliage yield, 1982-1984.
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Figure 8. Effect of P on lotal carrot yleld, 1982-1984.
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perienced on experimental plots in the Matanuska Valley
with no lime and a relatively low P rate.

Carrots

Figures 6, 7, and 8 show the P x year interaction. Each
increasing P rate increased foliage, root, and total carrot
yield in 1982 and root yields in 15884. Although sach increas-
ing P rate increased foliage and total carrot yields in 1983
and both follage and root yields in 1384, the differences
between adjacent P rates were not always great enough
to be significant.

Figure 9 depicts the lime x year interaction. Carrot
foliage yields in none of the three years, root yields in 1982
and 1983, and total yields in 1983 and 1984 were not in-
fluenced significantly by lime application. The application
of lime increased root yields significantly only in 1984 and
total carrot yields only in 1982,

Carrot yields were anly ane-half to one-fourth those ob-
tained from Palmer experimental plots.

Conclusions

Head lettuce, in addition to a high rate, also requires a
heavy lime application in the Pt. MacKenzie area. Table
beet and carrot production may not be as dependent upon
lime as lettuce, but very high P rates are required. The car-
rots did not respond to liming. When lime is applied to table
beets, the P response decreases and, for ocne year, the
highest P rate actually decreased the yield. The yield of
these experimental plots were markedly less than that of
fertilizer plots in the Matanuska Valley where neither lime
or high P rates are required.

This soil is capable of rendering large quantities of P
unavailable to plants. After three years of annual P fertiliza-
tion, available P as shown by the soil test has not increased,
even at the highest annual application of 176 |b P per
acre.[]
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Denitrification in Floodplain Successional
Soils of the Tanana River in Interior Alaska

K.M. Klingensmith*

Introduction

Despite its abundance in the atmosphere, nitrogen (N)
has long been recognized as a limited nutrient for plant
growth in both agricultural and forested ecosystems. At-
mospheric dinitrogen (N) is chemically unavailable to most
living organisms, yet nitrogen fixation, a biological process
converting Nz to ammonium (NH4 *) Is carried out by only
a few microorganisms (bacleria, blue green algae, and ac-
tinomycetes), contributes the major pool of N available to
piants. Once N; is incorporated into organic matter it con-
tinues to be recycled through numerous biochemical trans-
formations by many different organisms. Several pracesses
can involve the loss of nitrogen from an ecosystem); nitrifica-
tion, the microbial transformation of NH,; * to nitrate (NO; ~)
which can subsequently be lost through leaching, and
denitrification, an anaerobic bacterial reduction of NO;~
or nitrite (NO; ~) to gaseous N.. Denitrification Is possibly
a major pathway of N loss from these ecosystems. Although
this process has been studied extensively in agricultural
systems, relatively few studies have addressed denitrifica-
tion in forested ecosystems (Melillo et al. 1983, Goodroad
and Keeney 1984a, Pang and Cho 1984, Robertson and
Tiedje 1984),

Among forest successional communities there are grada-
tions of soil physical, chemical, and biological parameters
which can influlence denitrification rates and thus affect the
loss of N from the ecosystem. Therefore, a successional
setting is ideal for investigating how these variables con-
trol denitrification. This paper describes the preliminary
results of a series of experiments designed to measure the
in situ and potential rates of denitrification within floodplain
successional solls of the Tanana River in interior Alaska.

*Graduate Research Assistant. Forest Solls Laboratory,
Agricultural and Forestry Experiment Station, Fairbanks,

Acelylene addition to alder in situ cora fubes, September 1986,

Methods and Materials

The study site was located about 19 miles southwest of
Fairbanks, Alaska, in the Bonanza Creek Experimental
Farest. Selected communities included a 5-year-old willow,
poplar, alder stand, a 27-year-old alder stand, and a
165-year-old white spruce stand representing early, mid,
and late successional stages (stand ages documented by
L. Viereck, personal communication'). Soil core samples
from each site were analyzed for potassium chloride (KCL)
extractable NH,*-N and NO;~-N, pH, percent organic
matter (loss on Ignition), and bulk densities to establish in-
itial soil conditions. Three techniques were used to measure
denitrifying activity: in situ gas traps, to be used as a
biclogical indicator of soil atmosphere conditions, in situ

’Rasider;t Plant Ecologist, Institute of Northern Forestry, Univer-
sity of Alaska-Fairbanks.
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core tubes, and laboratory intact cores; the latter two which
were both used to estimate rates of undisturbed soil. In ad-
dition, one laboratory assay was used to measure poten-
tial denitrification.

(Gas traps used lo sample the soil atmosphere were con-
structed from close-ended 2.99-inch-diameter, 0.78-inch-
plexiglass cylinders. The bottom of each had twelve
0.19-inch diameter holes. The traps were fitted with plastic
capillary tubing which extended from the Inside of the
cylinder to the surface of the forest floor. In June 1985, three
replicate gas traps (four depths each; 1.96, 3.83, 7.87,
19.68 inches from the surface of the forest floor) were in-
serted equidistant on each randomly selected transect
perpendicular to the Tanana River. Transects spanned the
width of each forest stand. Gas traps were sampled with
0.17-ounce evacuated tubes (Vacutainers® ) at 2-week In-
tervals throughout the summer of 1985 and 1986. Samples
were stored at 41°F until analyzed for nitrous oxide (N;O)
content.

Ten replicate, open-ended ABS tubes (6.35 inches in
diameter and 4.76 inches high) were placed at uniform in-
tervals, at depths of 2.38-3.17 inches below the surface of
the forest floor along each established transect. These were
used to measure in situ denitrification. Vacuum stopcock
grease was applied to the rim of the tube, with subsequent
placement of a plexiglass square fitted with a rubber sep-
tumn covering the entire exposed opening. Acetylene,
generated by the addition of calcium carbide to distilled
water, was added to the tubes at a concentration of 10 to
20 percent of the headspace volume. Incubations were from
3 to 5 hours, at which time triplicate 0.17-ounce gas
samples were collected with Vacutainers® for N;O analysis
{fig. 1). The core tubes were inserted into the soil on 22
July 1986, in the alder and white spruce stands. Two
transects were placed in the sandbar soil to sample both
the old sediment and the newly deposited sediment. The
new sediment layer was removed to sample the old sedi-
ment/new sediment interface but was replaced after sam-
ple incubations were completed. Core tubes were sampeld
every 2 weeks until September 9, 1986.

Cores collected along a transect (established as
previously described) at each site were brought to the
laboratory for intact core and potential denitrification

Table 1. Soll characteristics, sampled 8 September 1586.

measurements. Cores kept intact were placed in half-pint
canning jars that had tops equipped with rubber septa,
while cores used for potential assays each had organic mat
and mineral soil separated with subsequent mixing of each
fraction. Subsamples, 0.176 to 3.52 pounds of the mixed
composites were placed in similar half-pint canning jars.
Soil samples were then made into a slurry by the addition
of a nitrate-dextrose-chloramphenicol medium (Smith and
Tiedje 1979) equal in mass to that of soil sample used.
Potential assay samples were made anaerobic by fiushing
samples with N, five times, after which samples were in-
cubated for 2 hours at room temperature, Potential assays
and one half of the intact core assays were amended with
a headspace addition (10 percent V/V) of acetylene. Total
alrspace volume in each of the sampling jars was
calculated by the addition of water,

Concentrations of N;O were measured by electron cap-
ture (*H) gas chromatography using an Analytical Instru-
ment Development Inc. gas chromatograph fitted with a
B-foot Poropak Q column. The limit of detection was 0,552
ppm N2O-N.

Results

Levels of KCL extractable N and percent organic matter
were higher in the forest floors than in the mineral soil under
each forest type (table 1). The alder forest floor had the
highest nutrient concentrations. Low extractable N and per-
cent organic matter ware observed In all mineral soils.

Gas trap analysis of the sail atmosphere showed detec-
table amounts of N;O only on 27 May 1986. More than 40
percent of the gas traps in the alder and sandbar stands
were saturated with water on this sampling date and were
inoperable, while all the gas traps in the white spruce stand
were functional. Concentrations of N;O in the headspace
of white spruce gas traps averaged 0.91 ppm (+0.71), 2.17
ppm (+3.02), 0.75 ppm (4 0.55), and 2.84 ppm (+ 3.63)
at 1.96, 3.93, 7.87,and 8.68 Iinches respectively. Of the four
operable gas traps in the alder stand, detectable amounts
of N2O were observed In one trap at 1.96 inches (3.14 ppm).
In the sandbar stand (six operable traps), two traps at 1.96
inches showed N;O levels of 3.14 ppm. Ambient at-
mospheric N.O concentration is 0.333 ppm.

Organic Bulk
Soll NHg+-N! NO;—-N! matter! density?
{ppmj) (%0) pH2 {Ibfin—%

Sandbar 3.3(2.8) 0.16(0.09) 1.2(0.4) 6.56(0.02) 3.42(0.07)
Alder

Mineral Soil 4.4(3.9) 0.02(0.03) 4.1(0.4) 6.66(0.02) 2.45(0.15)

Forest Floar 38.4(36.0) 14.30(7.4) 78.0(9.0) 6.80(0.05) 0.20(0.02)
White Spruce

Mineral Soll 5.9(3.8) 0.07(0.04) 2.5(0.7) 7.02(0.09) 2.64(0.12)

Forest Floor 11.2(8.5) 0.02(0.02) 44.7(2.8) 6.75(0.08) 0.20(0.02)

'Mean ( + BE) of & replicates at each slte. *Maean | £ SE) of 12 replicates at sach site, *Mean { + SE) of 6 replicates a1 each alte (K. VanChawe, parsonal communication, Forest

Saoits Laboratory, AFES, SALRM, UAF)
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Rates of NoO production within the in situ core tubes were
below the limit of detection except for two sampling periods
in August 1986. Concentrations of N,O within the old sedi-
ment on 15 August 1986 were 0,047 pounds acre ~'d 1
{+0.03). On 28 August 1986 measured N;O concentrations
within the old sediment, new sediment, and alder stand
were 0.13 (+0.31), 0.016 (+0.010) and 0.013 (+0.002)
pounds acre ~1d- respectively.

The results of the laboratory intact core assay showed
no measurable amounts of N;O production in soils samples
that were not amended with acetylene. Intact core samples
from mineral soils and white spruce forest floor amended
with acetylene showed little or no detectable dentrification
activity (table 2). The alder forest floor intact cores had the
highest denitrifying activity in September 1986, while show-
ing little or no activity at other sampling times. The poten-
tial denitrification rates were substantially higher than the
rates in intact cores, with the highest potentials occurring
in the alder forest floor on all four sampling dates. In
September, the alder forest floor had the highest obser-
vable N,O production rate, with activity approximately 14,
16, and 3 times that measured during May, June, and July.

Discussion

Denitrification is limited by anaerobiosis, NO; ~, organic
substrates, moisture, temperature, and substrate diffusion
rates (Robertson and Tiedje 1984, Myrold and Tieje 1985).
As primary succession proceeds on the floodplain from the
early sandbar stage to the older white spruce stage, there
is a peak in the N, moisture, and organic matter content
on the alder forest floor, followed by a small decline n these
substrates in the older white spruce stand, The mineral
soils of each site had similar amounts of N, moisture, and
organic matter but showed considerably lower levels of
these constituents than the forest floors. The highest obser-
vable denitrification activities measured in both field studies
and in potential denitrification assays (deslgned to remove
any of the limiting conditions for denitrificaton) were in the

alder forest floor at all sampling times. The white spruce

forest floor showed greater activites than any of the mineral
soils studied. The increased soil microbial activity would
be expected to occur in the forest floors because of the

larger reserves of N, organic matter, and moisture, with the
alder stand having the greatest activity.

There was no observable N;O production without
acetylene amendments, which suggests that other pro-
cesses that produce N3O, such as nitrification and NO; -
respiration, are not ongoing processes in these soils or oc-
curring at undetectable rates. It also suggests that, when
there is denitrification activity in any of the solls studied,
N» is the major end-product of denitrification.

The small amounts of N;O detectable in the field gas
traps but not detectable in the intact laboratory assays,
sampled simultaneously, may have been the result of N,O
release from the soils during the spring thaw. Physical
removal of the soil cores from the field and an increase in
temperature, may have caused sufficient disturbance to
have released any N,O trapped within the soil core pro-
file. Goodroad and Keeney (1984b) observed high rates of
N, O release during the spring thaw and postulated a similar
physically initiated release of NzO produced biologically the
previous fall. Although they measured N,O concentrations
that ranged from 1082 to 2066 ppm within the soil profile,
the highest concentrations occurred early in the spring
thaw. The N»O concentrations in the soll profile in this study
were measured in late spring and are similar to those that
Goodroad and Keeney (1984b) observed at a similar period.

There was high spatial variability in all denitrification
assays and in field studies. The coefficient of variation (per-
centV =5/X x 100) ranged from 5 to 250 percent for the
intact and potential assays, with the intact cores generally
having the highest percent V. This appears to be a com-
mon occurrence with estimates of denitrification even in
more homogenous agricultural systems (Robertson and
Tiedje 1984) and suggests wide variability in soil microbial
activity.

The aider forest floor showed lhe greatest potential for
N loss and also had a September maxium intact core rate
of N2O production. The latter may have been in response
to the increase in organic matter and nutrients from leaf
litter while temperatures were still warm, Van Cleve et al.
(1971) estimated a 20-year-old alder stand ecosystem pro-
duces 157.7 pound N acre —*d—1, whereas the highest in-
tact core denitrifying activity measured under optimal
laboratory conditions in this study was estimated as 3.3
pound N acre —1d-1 only 2 percent of the total N pro-

Table 2. N;O production from intact cores and potential denitrification assays, 1986.

May Junae July September
Soils Inlgcﬂ Potantial2 Intact® Potential® Imacts Potentiatt Intact® Potential®
(ppb N-N,O d—7) -
Sandbar [ 16(18) T(14) 12(6) 13(1) 234(20) 0 26(14)
Alder
Mineral Soil 0 B3(11) 26(13) 7(12) 18{10) 212(111) 0 1347(454)
Forest Floor 0 608(298) 26(13) 508(142) 37(30) 3124(945) 845(3849) B530(3921)
White Spruce
Mineral Soil 0 0 17(30) 2(5) 17(1) 228(66) (4] 19(17)
Forest Floor 0 23(11) 17(30) 62(45) 69(5) 415(66) 0 1565(220)

“Meaan ( + SE) of 16 replicates at aach ste, forest fioor and mineral soll not separated. 2Mean ( + SE) of 4 replicates at each sie. ‘Mean ( + SE) of 8 replcates al sach site.
“pMean |+ SE) of 3 replicates at each alte, Mean (+SE) of 5 replicates at each site. M-values are below the |Imit of detection, 0.552 ppm N-NgO.
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duced, assuming a similar production rate. These NO pro-
duction rates are similar to intermediate rates observed by
Robertson and Tiedje (1984) in midsuccessional temperate
hardwood stands and old field communities (1.74-2.61
pound N acre —'d~) and the lowest rates observed by
Melillo et al. (1984) in northern hardwood stands (c.f. 5.8
ppm M20-N organic matter ~1 organic h =1 matter ~1h~"
v.s. 6.1 ppm N,O-N organic matter ~1h~1).

Conclusions

This preliminary study of denitrification within three
primary floodplain successional stands suggests that
denitrification activity within these soils is low, with the
greater fn situ and potential activity in the alder forest floor.
The potential denitrification assays also suggest that some
environmental factors limit N loss in these soils, these may
be aerobic soil atmosphers, low NO;~ concentrations, low-
quality organic substrates, low moisture, low temperature,
and high diffusion constraints. In order to Identify the ma-
jor controls of denitrification in the floodplain soils, further
sludles are needed lo address these potential limiting fac-
tars specifically, []
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of Agriculture and Land Resources Management. Univer-
sity of Alaska-Fairbanks. 157 pp.
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MCKENDRICK, J.D. 1886. Final cleanup at selected (1975-1981)
wellsites, sampling and testing of waters and bottom
muds In the reserve pits and the recording of tundra plant
responses on the National Petroleum Reserve In Alaska
(NPRA), Volume Ill. Recording of plant responses.
Nueara Reclamation Co., U.S. Geological Survey, An-
chorage, Alaska. 225 pp.

MITCHELL, W.W. 1986, Perennial grass trials for forage purposes
in three areas of southcentral Alaska. Bulletin No. 73.
Agricultural and Forestry Expariment Station, Universi-
ty of Alaska-Fairbanks. 30 pp.

Circulars and Extension Publications

Brown, D.M,, P.S, HoLLOWAY, AND C.A. KIRTS. A survey
of the Alaska greenhouse Industry and related enter-
prises: analysis and results. Circular 57. Agricultural and
Forestry Experiment Station, School of Agriculture and
Land Resources Management, University of Alaska-
Fairbanks. 49 pp.

CarLing, D.E., AND P. RISSI. 1886. Potato variety
performance—Alaska 1885. Circular 54, Agricultural and
Forestry Experiment Station, University of Alaska-
Fairbanks. 8 pp.

KRiEG, K., AND F.M. HuSBY. 1986. A comparison of types and
test weights of barley when fed to fattening lambs,
Demonstration and Research Report for 1985.
wm Extension Service. Unlversity of Alaska. Pp.

QuareerG, D.M., aND F.J. WOODING. 1986. Successful
barley production practices for the Delta-Clearwater area
of Alaska. Cooperative Extension Service. Publication
A-00245. University of Alaska. 4 pp.

RICHMOND, A.P., AND T. MALONE. 1986, Observed scarifica-
tion rates and contract costs for the TTS-35 disc tren-
cher In intarior Alaska. Circular 53. Agricultural and
Forestry Experiment Station. University ot Alaska-
Fairbanks. 14 pp.

Sampson, G.R., anND A.F. GASBARRO. 1886. Drying firewood
in & temporary solar kiln: A case study. USDA Forest Ser-
vice Pacific Northwest Research Station. Research Note.
PNW-RN-450. 6 pp.

WAGNER, P.J., G. MATHEKE, AND M. GRIFFITH. 1986, Sum-
mary of vegetable variety trials, Fairbanks, Alaska, 1985.
Circular 55. Agricultural and Forestry Experiment Sta-
tion, University of Alaska-Fairbanks. 18 pp.

Woooing, F.., J.T. Hanscom, B.M. VAN VELDHUIZEN, AND
A.J. RIPpY. 1986. Performance of cereal crops in the
Tanana River Valley of Alaska, 1985. Circular 57.
Agricultural and Forestry Experiment Station, Universi-
ty of Alaska-Fairbanks. 9 pp.

Agroborealis
ALLEN, L., AND P. MAYER. 1988. Helping your greenhouse help
you. Agroborsalls 78(1):31-36.

BERNARD, E.C., AND D.E. CARLING. 1986, Plant-parasitic
nematodes in Alaskan solls. Agroborealis 18(1):24-30.

BeasLEY, S.D., aND W.G. WORKMAN. 1986. Amenity values
of farmland. Agroborealis 18(1):52-54.
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BRUCE, L.B. 1988. Wintering beef cows on Alaskan barlay and
subsequent selen/um status, Agroborealls 78(1):37-39.

BRUNDAGE, A.L. 1986. Feeding tanner crab meal 1o Holstein
dairy calves. Agroborealis 18(1):40-42.

GALLAGHER, T.J. 1886. Who's planning Alaska? Agroborsalis
18(1):43-47,

KLEBESADEL, L.J. 1986. Natural sslection may modify introduced
white clover toward superior winterhardiness.
Agroborealis 18(1):13-19.

LAUGHLIN, WM., G.R. SMITH, AND M.A. PETERS. 1888, Ef-
fect of phosphorus and potassium on ‘Alsike’ clover.
Agroborealls 18(1):20-23.

MiTCHELL, W.W. 1986. Notice of ralease of 'Nortran’ tufted
hairgrass. Agroborealis 18(1):6-7.

Rice, W.D., AND A, JUBENVILLE. 1986. Cross-country skiers
in interior Alaska. Agroborealis 18(1):48-51.

RirPEY, A.J., AND F.J. WOODING, 1986, Use of a plant growth
regulator on barley to prevent lodging. Agroborealis
18(1):8-12.

Young, AL, 1986, Federal support of agricultural research—A
White House perspective. Agroborealis 18(1):4-7

Books and Chapters in Books

DyRANESS, C.T., L.A. VIERECK, AND K. VAN CLEVE. 1986. The
role of fire in taiga forest communities. IN: Forest
Ecosystems in the Alaskan Taiga. Van Cleve, K., F.5.
Chapin, L.A. Viereck, C.T. Dyrness, and P.W. Flan-
nagan, editors. Ecological Studies 57. Springer-Veriag.
NY. Pp. 74-87.

OECHEL, W.C., anD K. Van CLEVE. 1886. Physiological
acology of mosses in taiga forests of interior Alaska. IN:
Forest Ecosystems in the Alaskan Talga. Van Cleve, K.,
F.8. Chapin, L.A. Viereck, C.T. Dymess, and P.W.
Flanagan, editors. Ecological Studies 57. Springer-
Verlag. NY. Pp. 121-137.

VAN CLEVE, K., F.S. CHAPIN, L.A. VIERECK, C.T. DYRNESS,
AND P.W. FLANAGAN (Editors). 1986, Forest
Ecosystems in the Alaskan Talga. Springer-Verlag. NY.
Ecological Studies 57. 230 pp.

VaN CLEVE, K., AND J. YARIE. 1986. Interaction of temperature,
moistura, and soll chemistry in controlling nutrient cycl-
ing and ecosystem development in the taiga of Alaska.
IN: Forest Ecosystems in the Alaskan Taiga. VVan Cleve,
K., F.S. Chapin, L.A, Viereck, C.T. Dymess, and P.W.
Flanagan, editors. Ecological Studies §7. Springer-
Verlag. NY. Pp. 160-89.

VIERECK, L.A., K. Van CLEVE, aND C.T. DYRNESS. 1986,
Forest ecosystem distribution in the taiga environment.
IN: Foraest Ecosystems in the Alaskan Taiga. Van Cleve,
K., F.S. Chapin, L.A. Viereck, C.T. Dyrness, and P.W.
Flanagan, editors. Ecological Studies 57. Springer-
Verlag. NY, Pp. 22-43.

WEeEDEN, R.B. 1986. Commentary on development in rural
Alaska. IN: Alaska's Future: Commentary on a Delphi
Perspective. Eschenbach and Geistauts, editors, Alaska

Pacific University Press. Pp. 204-207.

YARIE, J. 1886. FORCYTE—Extension of a stand level growth
and yield model utilizing nitrogen dynamics to Taiga



white spruce forests. IN: Forest Ecosystems in the
Alaskan Taiga. Van Cleve, K., F.S. Chapin, L.A. Visrack,
C.T. Dymess, and P.W. Flanagan, editors. Ecalogical
Studies 57. Springer-Verlag. NY. Pp. 180-204.

Proceedings

EPPs A.C. 1986. Acces; RS 2477 and Title XI: A sketch. IN: Pro-
ceedings, Alaska Land Use Council, Land Use Advisory
Committee, Forum '86. Fairbanks, AK.

EPPS, A.C. 1986. Can national wetland/mitigation legislation app-
ly to Alaska? If not, why not? IN: Proceedings, National
Wetland Symposium: Mitigation of Impacts and Losses.
New Orleans, La.

JUBENVILLE, A. 1888. Integration of recreation management and
tourism: The Alaskan perspective. IN: 18th World Con-
gress, Interational Union for Forestry Research Organiza-
tions, Ljubljana, Yugoslavia.

MATHEKE, G., AND M, GRIFFITH, 1986. Vase life of cut roses
grown in Interior Alaska. IN: Proceedings of the Fifth An-
nual Alaska Greaenhousa Conferance. Fairbanks, AK Pp.
31-32,

MCINTYRE, H., AND M. GRIFFITH. 1986. Marketing roses in in-
terior Alaska. IN: Proceedings of the Fifth Annual Alaska
Greenhouse Conference. Fairbanks, AK. Pp. 90.

Packeg, E.C. 1985 (ommited from 1985 list). Forest product
marketing realitites for subarctic Alaska—Chalienge for
the future. IN: Proceedings of the 1985 Sociaty of
Amenican Foresters National Convention, Fort Collins, Co,
Pp 436-440.

PIERSON, B.J., AND C.E. LEWIS. 1986, Assesment of conser-
vation tillage systems In Interlor Alaska using low level
aerlal photography. IN: Proceedings of the Pacific Divi-
sion, American Associatfons for the Advancemant of
Science. University of British Columbia. P. 42,

PiNG, C.L. (Editor). 19868, Alaska Soll Survey and Land Use
Workshop. Proceadings. Miscellaneous Publication 86-2.
Agricultural and Forestry Experiment Statlon. Universi-
ty of Alaska-Fairbanks. 136 pp.

PinG, C.L., S. SHOJI, AND J.P. MOORE. 1988. Classification
of volcanic ash solls In Alaska. IN: Proceedings of the
First Intarnational Soil Correlation Meeting. J. Kimble,
editor. USDA Soil Conservation Service and Sail
Management Supporting Service. Washington, D.C.

YARIE, J. 1986. A preliminary comparison of two ecosystem
models, FORCYTE-10 and LINKAGES for interior Alaska
white spruce. IN: Predicting Consequences of Intensive
Forest Harvesting on Long-Term Productivity. G.I. Agren,
editor, Swedish University of Agricultural Sciences
Department of Ecology and Environmental Research.
Report #26, Uppsala, Sweden. Pp. 95-104.

Popular Publications

GALLAGHER, T.J. 1986, The Joint Review Process: In Alaska?
Alaska Planning Association Quarterly 4(2):4-5.

Research Progress Report

MITCHELL, W.W., AND G.A. MITCHELL. 1986. Phasphorus rate
effects on establishmeni of perennial grasses and on soll
values at Point MacKenzle, Research Progress Report
1. Agricultural and Forestry Experiment Station, Univer-
sty of Alaska-Fairbanks. 4 pp.

Abstracts

BerRNARD E.C., AND D.E. CARLING, 1986. Distribution of plant
parasitic nematodes in Alaska. Journal of Nematology.
18(4):600.

CaRLING, D.E., RH. LEINER, AND K.M. KEBLER. 1888,
Characterization of an undescribed anastomosis group
of Rhizoctonia soiani. Phytopathology 76(10):1064.

CocHRAN, V.L., L.F. ELLIOTT, AND C.E. LEWIS. 1985. Effects
of clearing, tillage, and barley residue management on
enzyme activity in subarctic soils. Agronomy Abstracts.
78th Annual Meeting of the American Society of
Agronomy, New Orleans, La. P. 177.

CoOnN, J.S., M.L. FARRIS, AND J.A. DELAPP. 1986. Effects
of seven broadleaf herbicides on barley maturity and
seed moisture content. 1988 Meeting Weed Science
Soclety of America. P. 12,

Conn, J.S., J.A. DELAPP, AND M.L. FARRIS. 1986. Effects
of tillage, cropping sequence, and field age on weed
populations in Alaska. 1986 Meeting Wead Science
Society of America. P. 67,

Jupay, G.P. 1986. Environment and change on the Pate Dahl
Slough Research Natural Area. IN: Proceedings of the
171th Copper River Wetlands Conferance. Chugach Na-
tional Forest, Anchorage, AK. USDA Forest Servica
publication No. R10-MB-7. Pp 168-17.

Jupay, G.P. Using geologic diversity in the Alaska Ecological
Reserves Program, IN: Abstracts, 13th Annual Natural
Areas Conference. Natural Areas Association. Missouri
Department of Natural Resources. Jefferson Mo, P, 3.

Karmakova, V., AND J.D. MCKENDRICK. 1886. Arctic vegeta-
tion, disturbance, and surface soll propearties at Atkasook,
Alaska. 15th Annual Arctic Workshop. Boulder, Co. Pp.
37-38.

KNIGHT, C.W., AND S.D, SPARROW. 1986. Fate of Fertilizer
nitrogen in a subarctic agricultural soil. Agronomy
Abstracts. 78th annual mesting of the American Socie-
ty of Agronomy, New Orleans, La. P. 181,

Lewis, C.E., B.J. PiersoN, R.F. CuLLum, anD V.L.
COCHRAN. 1986, A model for conservation tillags and
residue management in the subarctic. Agronomy
Abstracts, 78th Annual Mesting of the American Socie-
ty of Agronomy, New Orleans, La. P. 247.

MATULICH, 5.C., W.G, WORKMAN, AND A. JUBENVILLE. 1988,
Recreation management theory, economics, and
resource allocation—A unifying perspective, IN: Program
Abstracts. First National Symposium, Social Science in
Aesource Management. Oregon State University,
Corvaliis.

McCBEATH, J.H., AND M. ADELMAN. 1986. Detection of Cor-
ynebacterium michiganese ssp. tassellarius in seeds and
wheat plants. Phytopathology 76:1088.
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McBeATH, J.H., AND G.W. SCHAEFFER. 1986. Anther culture
and plant regeneration from early maturing, cold hardy,
hard red winter wheat. Phytopathology 76:1148.

McBEeATH, J.H., AND L. WENKO. 1986. A simple, versatile
method o determine extracellular enzymes in snow

molds. Phytopathology 76:1143.

Meap, B.R., J. YARIE, AND D.A. HERMAN. 1886. Blomass
estimation using horizontal-vertical vegetation-profile
daescriptions in conjunction with species blomass equa-
tions in the Tanana River Basin, Alaska. IN: Tree Blomass
Regression Functions and Their Contribution to the Error
of Forest Inventory Estimates—A National Workshop.
Syracuse University, Syracusa, NY, P, 250.

PIERSON, B.J., AND C.E, LEWIS. 1986. Evaluation of low-level
photography as a method of measuring crop residues
in interior Alaska, Agronomy Abstracts. 78th Annual
Meeting of the American Society of Agronomy, New
Orleans, La. P. 250.

Searrow, S.D., AND V.L. COCHRAN. 19886. Efiects of clear-
ing, tillage, and residue managsment on soll respiration
and N mineralization in subarctic solls. A
Abstracts. 78th Annual Mesting of the American Soclety
of Agronomy, New Orleans, La. P. 189,

Van CLEVE, K., C.T. DYRNESS, L.A. VIERECK, AND J.YARIE.
1986. The relationship between topography and the
structure and function of interior Alaskan forest
ecosystems, IN: Program of the [V international Congress
of Ecology. State University of New York and Syracuse
University, Syracuse, NY. P. 336,
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Theses and Dissertations

GOERING, G.E. The optimal timing of durable exhaustible
resources under certainty. Masters Thesis. University of
Alaska-Fairbanks.

GORDON, A.M. 1986. Seasonal pattarna of nitrogen mineraliza-
tion and nitrification following harvesting in the white
spruce forests of interior Alaska. Ph.D. Dissertation.
University of Alaska-Fairbanks.

HEFFERNAN, T.T. 1986. Helght growth of Larix laricina (Du Roi)
K. Koch on & variety of sites in interior Alaska. Masters
Thesis. University of Alaska-Fairbanks.

Hom, J.L. 1986. Investigations into some of the major controls
on the productivity of a black spruce (Picee maniana [Mill.]
B.S.P.) forest ecosystem in the interior of Alaska. Ph.D.
Dissertation. Univarsity of Alaska-Fairbanks.

JORGENSON, M.T. 1986. Biophysical factors influencing the
geographic variability of soil heat flux near Toolik Lake,
Alaska: Implications for terrain sensitivity. Masters
Thesis. University of Alaska-Fairbanks.

McINTYRE, H.H. 1988. Horticulture uses of an Alaskan peat.
Masters Thesis. University of Alaska-Falrbanks.

O'SuLLivan, K, 1986. The effects of vegetation and slope on
trail arosion in the Yukon-Tanana uplands of interior
Alaska. Masters Thesis. University of Alaska-Fairbanks.

WESTENBURG, D.L. 1988. Recreational users management
prefarences for the Kenai River, Alaska. Masters Thesis.
University of Alaska-Fairbanks.



AFES Notes continued . . .

ject W-188, "'Characteristics and Feed Value of Barley and
Western Protein Supplements for Swine."” This project is
a cooperative research effort of swine nutritionists in the
western U.S. to determine the physical and chemical
characteristics of barley cultivars and their relationship to
feeding value for swine and to determine the chemical
characteristics and feeding value of western protein sup-
plements far swine. Currently, research is being conducted
to determine the feeding value of Alaska's hull-less barley
‘Thual' at three test weights for growing-finishing pigs and
a cooperative study with Montana, Nebraska, and North
Dakota to determine the value of high- or low-salt herring
meal as a protein supplement in starter pig diets. The com-
mittee will meet in Fairbanks 15 through 18 June 1987 to
develop a new four-year project for cooperative swine nutri-
tion research.

Dr. lvano Brunner, having obtained his degree recent-
ly from the University of Zurich in Switzerland, is currentiy
performing postdoctoral research in the laboratory of Dr.
Gary Laursen. Dr. Brunner is funded through the Swiss
National Science Council and is accompanied by his wife,
Franziska, who provides technica! assistance for his work.

His studies, the Mycoecology of Alnus crispa in Alaska:
Taxonomy, Biology, and Ectomycorrhiza in Comparison
with the European A. incana and A. vivadis, are being per-
formed on plots of alder established by other researchers
(Drs. Keith VanCleve, Les Viereck, and John Yarie) as well

as those he has established, thus attempting to maximize
his results and input for understanding of what alder is really
contributing to interior Alaska ecosystems during early serel
stages of succession.

Heather Mcintyre received a Master of Science degree
in May 1986 from the University of Alaska-Fairbanks with
a major in horticulture. Her master's thesis, ‘'"Horticultural
Uses of an Alaskan Peat"” examines both lime requirement
of Fairbanks peat and nutrient availability of applied fer-
tilizer in peat-amended soils. Ms. Mcintyre was a recipient
for two years of a graduate fellowship in Resource
Problems.

Ms. Mcintyre joined the AFES staff in 1983 as an
agricultural laboratory assistant for the Horticulture
Department.

Patricia Wagner, an agricuitural assistant at AFES,
recently completed the requirements for the Master of
Science degree. Ms. Wagner received her B.A. in zoology
from Colorado College in 1967. The title of her thesis for
the M.S. is “"Manipulation of flowering, fruil set, and fruit
ripening in some meions (Cucurbitaceae).” Ms. Wagner has
been with AFES since 1978. She has worked extensively
with flowers and vegetables and has frequently been a
coauthor of AFES's annual, published summary of
vegetable variety trials. She is also a coauthor of the new
AFES publication, Circular 59, “Gardening with Annual
Flowers in Interior Alaska.” (See About the Cover, page 2.)

Vol. 18, No. 1, 1987 47



Alaska 0o

A

L
Scale in Miles

rety,

.,
"
.,
.

"
Yous,
.

Bering Sea

UNIVERSITY OF ALASKA
FAIRBANKS

Agricultural and Forestry
Experiment Station

RESEARCH CENTERS @

A. Fairbanks

.
B. Palmer Q

RESEARCH FARMS ®
@, Falrbanks

b. Matanuska

%o S Aﬂ

.........

e
Satdssssssmzasamanan

5 o oo P Gulf of

Alaska

Agricullural and Forestry Experiment Station
UNIVERSITY OF ALASKA-FAIRBANKS
Fairbanks, Alaska 99775-0080

James V. Draw, Director
Publication

PENALTY FOR PRIVATE USE, $300

Address correction requested
Return postage guaranteed

BULK RATE
POSTAGE & FEES PAID
USDA
PERMIT No. G269

If you do not desire to continue receiving this publication, please check here I cut off this label and return it to the above address.
Your name will be remaoved from the mailing list.




