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From the Director’s Desk:

A hallmark of progress in agriculture and forestry during
the last century was the constant development and applica-
tion of new technolagy. State agricultural experiment sta-
tians, in cooperation with the Federal government, made a
major share of the discoveries in agricultural science that led
to impraved technology.

Current demands by consumers indicate an even greater
need for new cdliscoveries in agricultural science. Supplying
abundant feod and wood products at low cost to consumers
means improving the productivity of crops and livestock,
reducing losses fram insects and diseases, decreasing soil
erosion, increasing the efficiency of water use, and over-
coming the vagaries of weather while also reducing the
costs of producing and marketing agricultural products,

The Federal-state partnership that makes possible such advances in agricultural science was created
in 1862 when President Abraham Lincoln signed the Morrifl Act which established the land-grant
colleges in the variaus states. In 1887, the Hatch Act was passed to establish agricultural experiment
stations in those colleges. Finally, in 1914, the Cooperative Extension Service was established by the
Smith-Lever Act to transfer the results of research in agriculture and forestry to producers. These acts
formed what has been calfed the “trilogy of American ingenuity”™ — the blended roles of teaching,
research, and extension in agricultural sciences in the land-grant colleges,

The effectiveness of these programs is recogrized in Title XIV of the Agriculture and Food Act of
1981 as follows: “The partnership between the Federal government and the states . ., . has been
eminently successful. Cooperative research, extension, and teaching programs have provided the
United States with the most productive and efficient food-producing systerms in the world. ™

Agricultural experiment stations were established near Fairbanks and Palmer, Alaska, by the
Federal government in 1906 and 1917, respectively. They were later transferred from Federal owner-
ship to Alaska’s land-grant college, the Alaska Agricultural College and School of Mines, after it
opened in 1922. [n 1935, this institution became the University of Alaska. Thus, the Alaska Agri-
cultural Experiment Station is part of the nationwide system of state agricultural experiment stations
in land-grant universities.

Part of the responsibility associated with this Federal-state partnership involves research, teaching,
and extension to support the development of agriculture and forestry in Alaska. This develogment will
require new biotechnology to control diseases, insects, and weeds and to enhance plant and animal
growth. It will require improved cultivars with optimum genetic combinations for high yields as well as
insect and disease resistance. Moreover, agricultural science must be macde available 1o students in the
classroom, and new technology must be transferred to praducers through the linkage with the Cooper-
ative Extension Service. Equally important is the feedback from producers through extension to
researchers to identify the most critical research needs. The payoff begins when producers adopi a new
technology.

Within the University of Alaska system, research and teaching in agricultural science are admin-
istered by the University of Alaska-Fairbanks, while the Cooperative Extension Service is administered
by Community Colleges, Rural Education, and Extension, a separate component of the statewide
system. The success of Alaska’s agriculture and forestry will depend to a great extent on how well the
cooperative functions of teaching, research, and extension at the University of Alaska are coordinated
and brought to bear on the development and application of research findings.

2-“ V. o Dis

James V. Drew, Director
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ABOUT THE COVER . .. Reclaiming surface mine spoils by planting
various grasses has been a standard practice at the Usibelli Coal Mine
near Healy, Alaska, for more than a decade. This July 1981 photo of a
bull caribou grazing on a three-year old seeding at the Usibelli Coal
Mine was taken by Dr. Charles Elliott, who received his Ph. D. Degree
in reclamation ecology from the University of Alaska on May 13, 1984,
The area was seeded to grasses and legumes. Of these, red fescue was
the dominant survivor. See page 5 for related story.
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Dr. Francis M. Siddoway, visiting professor of agronomy at
the Alaska Agricultural Experiment Station for the summers of
1981-1983, died March 9, 1984, in Phoenix, Arizona, while on
vacation. Siddoway was born in 1922 in Hexburg, Idaho. After
serving in World War 11 as a bomber pilot, he graduated from the
University of Idaho in 1947 with a B.S. degree in agricultural
economics; he received a M.S. degree in 1951 in agronomy from
that same institution. He then attended Kansas State University
where he was awarded the Ph.D. degree in solls physics; his doe-
toral research was on the effect of kind, amount, and placement
of residue on control of wind erosion. While at Kansas State, he
coauthored “"The Wind Erosion Equation,” one of the most fre-
quently cited publications on wind erosion.

Im 1963, Siddoway was appointed director of the Northern
Plains Soll and Water Research Center in Sidney, Montana,
where he directed research on soil conservation, hydrology, soils
physics, seil chemistry, sail fertility, biometrics, Irrigation,
range, soil erosion, climatology, and crop production which
resulted in more than 200 papéers in national and International
journals and popular publications. Siddoway also served on &
number of advisory boards at both the state and national levels
in the agricultural, scientific community.

Dr. Francis H. Siddoway
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AES Notes

Although Siddoway retired in 1980, he continued to serve
as a collaborator at the research center for more than thres
additional years, His work on soil conservation-tiflage research
while a visiting professor at the University of Alaska-Fairbanks
will be invaluable in the future managment of agricultural fands
in the Delta Junction area of interior Alaska.

Dr. Jenifer Huang McBeath, plant pathologist at the Aagri-
cultural Experiment Station, Fairbanks, has been named state
coordinator of a newly foarmed Plant Pest Survey and Detection
Committee. The committee inciudes entomologists, weed
scientists, plant pathologists, and other specialists in Alaska
invalved in plant-pest management.

A grant was also given Dr. McBeath by the United States
Dept., of Agriculture, Animal and Plant Health Inspection
Service, Plant Protection and Quarantine Programs, to establish
a computer-based netwark for storing and retrieving plant-pest
data collected in the state. The network will become part of the
national plant-pest data staring and retrieving system.

Dr. Chester J. Mirocha, plant pathologist with the Universi-
ty of Minnesota, spent a week-laong visit at Dr. Jenifer Huang
MeBeath's Iabaratory on & sample-collaction trip. Dr. Mirocha is
a world-renowned expert on mycotoxins produced by Fusarium
spp. Dr. Mirocha is collaborating with Dr. MeBeath in the isola-
tion of mycotoxin-producing Fusarium in Alaska.

Dr. Gary Laursen, mycologist, was recently awarded an
18-month contract from the Department of Energy to conduct
research on "Decomposition in Arctic Terrestrial Environments:
Rates and Quality.” He will be working near Toolik Lake an the
narth slope of Alaska as part of 8 13-project, multi investigator,
integrated research effort. The site will ba a watershed drainage
where response, resistance, resilience, and recovery from distur-
bance within an Arctic ecosystam (R*D) will be investigated.
This will be a long-term project, perhaps as long as 10 years,
involving incoming and outgoing projects.

Dr. Laursen will be traveling this summer in conjunction
with other projects in addition to conducting field work. He is
attending the sixth North American Conference on Mycarrhizae

continued on page 59



Evaluation of Plants
Used for Stripmine Reclamation
Near Healy, Alaska

By

Jay D, McKendrick*, Charles L. Elliort**
and Charles P. Boddy"**"

Alaska has only one stripmine producing significant quanti-
ties of coal. However the large resarves within the state com-
bined with recent interest by Pacific Rim markets forecast
future expansions for the industry In Alaska. Those develop-
ments could sventually disturb sizable areas of land — land that
must be reclaimed according to state and Federal law.

Establishmant of a beneficial plant cover is an essential
part of reclaiming disturbed land in order to ensure site sta-
bilization and future use of the area (Nicholas and McGinnies,
1982), Replanting with species well adapted to the soii, elimate,
elgvation, and exposure of the site has been recommendesd
(Cook et al., 1974), not only for immediate revegetation, but
also to establish a self-perpetusting cover which would require
little or no maintenance activities, |n the lower 48, there are
chances for sharing knowledge, plant materials, and technigues
among mines due to the similarity of environments within
ragions. Alaska’s coal mines, existing in the boreal and, eventual-
ly, the Arctic zones, share few common environmental features
with the rest of the U.5. coal producers. Thus, reclamatian tech-
nology, plant materials, and experiences must be generated
either within the state aor borrowed from Siberian and northern
Canadian sources.

State law reguires that Alaska's stripmined areas be seaded
to aither native or approved introduced plant species (Alaska
Statute 41,45). Using native plants wouid be the preferred
reclamation strategy, since such plants would be well-adapted to
the climate and wildlife uses of the area. However, availahility
of native plant seeds and technology for handling and planting
the material is very limited. Although efforts ara being made to
resalve some of these deficiencies, immediate and long-term
needs for using adapted and approved introduced species
remain

The process for identifying the best plant spacies involves a
sysiematic screening of likely candidates and testing various
planting and soil-cultivating techniques. The screening and

Associate Profassor, Agronomy, Palmer Research Center.
** Ressarch Assistant, Agricultural Experiment Station, Fairbanks.
“4% Usibelli Coal Mine, Inc., Healy.

This haelicopter is used for fertilizing newly reseeded areas at the Usibeli
Coal Mine near Healy, Alsska. The fertilizer sproader. seen suspended
fram the aircraft, is powered by its own gasoline-fueled angine. At the
appropriate time, the pilot aopens the spreader and applies a standard,
mgh-nitrogen, gramilarpeller fartilizer. Holicogters are slso uvsed for the
distribution of the mixture of grasses, legqumes, and arnual mustards usad
in the revegetation of coal-mine spoils and roadways.
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This mare and foal grare contentadly on an eight-year old surface-mining
area which has been reclaimed at the Usibeill Coal Mine. The company
Nhes long engaged in & voluntary reclamation program which includes

testing are being conducted by other Alaska Agricultural Experi-
ment Station investigators at the Usibelli Coal Mine. These
tests commenced in 1980, mainly under sponsorship of the U.S.
Department of Energy and the Usibelli Coal Mine, Inc. Because
long-term stability s central to the reclamation goals, long-term
plant performance must be known. This information can come
tfrom long-term experimental plantings or measurements of
other plantings of known ages.

The Usibelii Mine, Inc., began a reclamation program in the
19705 (Weston, 1973). The project was directed by the late
Stanley Woeston, consultant from British Columbia, Canada.
Seed mixes included grasses and legumes commonly available
for pasture and forage crops (table 1). The earliest planting was
8 years old when the experiment station obtained the 1980 con-
1ract to investigate mine reclamation. Conseguently, the various
reclamation projects already established at the Usibelli Mine
represented an invaluable test of long-term plant performance.

In 1980-81, six seedings, each of a different age, were
evaluated for the presence of species which were applied in the
mix or which naturally invaded. Two of the plantings, 1973 and
1978, were on abandoned roads. The other plantings, 1972,
1974, 1976, and 1979 were on former spoils. Plants were col-
lected and identified according to Welsh (1974) and Heath,
Metcalf, and Barnes {1973) during the summer season. The
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T. Hellernan
recontouring as well as reseeding. Slopes in the background are undis-
turbed and covered with indigenous plant cammunities,

mining company provided lists of original seed mixes. Plani
species occurring on each of the seediings were collected and
identified. Canopy cover was estimated in 50x50-«cm plats, and
biomass was measured by clipping and weighing annual growth
of each major species. This article focuses on which seeded
perennials become established, Results of other portions of the
study will be reported elsewhere.

Results and Discussion

In terms of survival and stand development, red fescue,
smooth brome, and blugjoint reedgrass were consistently out-
standing grasses (see table). Red fescue and bluejoint both are
native grasses and present throughout the horeal zone of Alaska,
the regional environment in which the Usibelli Mine occurs. The
accampanying photos illustrate the vigor and aesthetic values of
these grasses at the mine.

Meadow foxtail, Kentucky bluegrass, timothy, and Canada
bluegrass rated next in terms of survival, but were neither as
consistent in survival nor as productive as the top three grasses.
Other seeded species survived only in certain micrahabitats or
failed entirely (see table),

The usefulness of certain grasses for revegetation in Alaska
has been reviewed by Mitchell (1982). Red fescue (particularly
the variety ‘Arctared’), ‘Manchar’ smooth brome, meadow fox-



tall, timothy, and 'Mugget’ Kentucky hluegrass were recom-
mended for Alaska’s boreal zone. 'Borgal’ red fescue, bluegrass,
and meadow foxtail have also ranked well when cut frequently,
{Mitchall, 1972), indicating such species might tolerate wildlife
and domestic-ivestock grazing.

Fertilizing scils has often proved essential for establishing
(McKendrick and Mitchell, 1878} and maintaining vigorous grass
stands in Alaska and elsewhare. Nitrogen and phosphorus fertil-
ization is generally required for these soils. The ability of
legumes to fix atmaspheric nitrogen, thus enhancing soil fertil-
ity, makes inclusion of such plants an attractive choice for
reclamation projects. Unfortunately, seeded legumes in the
reclamation plantings have failed to establish either consistently
or significantly at the Usibelll Mine (see table). Alfalfa and

White Dutch clover were the only two species which survived
among the nine perennial and one annual legume planted.
MNeither of the surviving species produced significant blomass
throughout the seedings. Survivors occurred only In certain
habitats,

Lupinus perenne was one of the seeded legumes. We are un-
certain as to either its origin or taxonomic status, since the
species is neither indigenous to the state nor cammonly intro-
duced for agricultural purposes. The other species were not
ecotypes selected on the basis of their sdaptation to Alaska’s
canditions. Due to significant variation within these species, it is
likely that certain strains could outperform those seeded.

Nanlegume broadleaf plants were occasionally ineluded in
plantings {see table). OF the two species used, only field mus-

Table. Results of 1987 plant inventory on areas which had been saeded during six years at the Usibelll mine. “P"" indicates species was
planted; “S" indicates species was surviving in 1981; V" indicates voluntary invasion and presence by that species in 1981,

Seeding years

1972 1973 1974 1976 1978 1879

Commen name {Latin Nama}

Origin/1981 status

GRASSES
Annual ryegrass (Lofium multiflorum)! P P P P P P
Baresl red fescue (Festuca rubra)® P/s P/S Pis P/s P/S P/S
Bluejoint reedarass (Calamagrostis canadensis)? p/s P/S P/S P/S P/
Canada bluegrass (Poa compressa) P/S P/S P/S P/S
Crested wheatgrass (Agropyron cristatum| P P P/S P/S B/S
Intermediate wheatgrass (Agropyron intermedium) P P
Kentucky bluegrass (Poa pratensis) S P/S
Manchar smooth bromegrass (Bromus inerrmis) P/s P/S P/S P/s P/S P/S
Meadow fescue |Festuca efariar) PiS P P P/S P/S
Meadow foxtall {Alopecuris pratensis) P P/S P P P/s P/S
Perennial ryegrass |Lofium perenne) P P P P P P
Reed canaryarass (Pharlaris arundinanceae) P P/S P P/S P/S P/S
Siberian Wildrye (Elymus sibericus) v
Timothy {Phleumn pratense) P/S P g Ps P/S P/S
FORBS
Legumes
Alataswede red clover | Trifolium pratense) P
Alfalfa (Medicago sativa) P P/S P P/S P/S P
Alsike Clover (Trifolium hybridum) P P P P P P
Austrian winter peas (Pisum sativum subsp. arvense)' P P P P P P
Citer milkvetch (Astragalus cicer) P i
Hairy vetch (Vicia villosa) P i P P P
Lupine (Lupinus perenne) P P
Ladino clover (Trifolium repens) P P
Leo bird's-foot trefoil (Lotus corniculatus) P P P
White Dutch clover (Trifolium repens) P P/S
Monlzoumes
Field mustard (Brassica campestris)’ P P/S P P
Hedge mustard (Sisymbrium offinale)’ v
Indian mustard (Brassica juncea)’ v v
Lambsquarter {Chenopodium album)' v v v
Marthern tansey mustard (Descurania sophioides)' W \
Pinsapple weed (Matricaria matricarioides)’® v
Peppergrass (Lepidium densiflorum)* v v
Wild buckwheat (Eriogonum flavum ) P

’Annual species, 2 pastive species.
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tard persisted in 1881 along the abandoned road, which was
seeded in 1976. Seven weedy plants Invaded the seadings. Six of
these were in the mustard family: hedge mustard, Indian mus-
tard, northern tansey mustard, peppergrass, and shepherd’s
purse. Only one of these mustards Is Indigenous to Aleska —
Northern tansey mustard. |1 is possible that sseds of thesa vol-
unteers were included as contaminants among the various mixes
planted at the mine. Fortunately, no noxious weeds occurred
among those that persistad. The patential for introduction of
noxious weeds exists and is a serious rmatter. Sesd lots used for
reclamation need to be selected carefully to avoid the problem.

Conclusions

Based on observations in this zone of Alaska, grass-seed
mixtures for mine-spoil reclamation which consist of commaon
agronomic plants should include red fescue, bluejoint reedgrass,
and smooth brome to ensure long-term persistence of the seeded
species. Varieties recommended by Mitchell (1982) would pro-
bably be better choices than using common seed stock. As
various other native plant materials, such as shrubs and forbs,
become avallable for reclamation, their seedlings’ competitive-
ness with these grasses should be evaluated. To achisve certain
ultimate land-use objectives and to encourage the eventual dom-
inanca of disturbed sites by other desired plants, there may be
legitimate reasons for planting grass species which are not ag-
gressive and which have poor long-term persistence. Lutz (1956)
observed in his studies of natural plant communities in Alaska
that heavy stands of blugjoint reedgrass could be very tenacious,
resisting trae, shrub, and forb invasion for 100 years or more.o
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Native Alaskan Pumpelly Bromegrass
Characteristics and Potential for Use

By

L.J. Klebesadel™

Introduction

The world abounds with a great diversity of grasses; bota-
nists estimate there are about 5,000 different species worldwide,
During the svolution of civilizations and the development of
agriculture, certain grass species have been selected for artificial
culture. Some, such as corn, rice, wheat, and barley, producs
grain for food for humans and animals. Others, such as brome-
arass, timothy, and crchardgrass, produce forage for livestock.
Some, like bluegrasses and bentgrasses, are mowed short for
turf, Numerous sod-forming grasses provide a vegetative cover
to prevent soil erosion. Sugarcane and sorghum ara grown for
such processed products as sugar and molasses; and one specias
of grass, bamboo, is even used for fishpoles and furniture and in
canstruction.

* Professor, Agronomy, Agricultural Experiment Station, Palmer.

The Bromegrasses

There are about sixty species worldwide in the grass genus
Bromus; some are perennials, some biennials, and some annuals.
Some of the annuals are considered weeds, but several of the
perennials are vaiued as forage arasses.

About five species of bromegrass are native 1o Alaska, and
all are perennials, The most widespread and abundant of these is
pumpelly bromegrass (8. pumpellianus), a somewhat broad
species considered by taxonomists 1o encompass two or three
subspecies ot taxonomic varietles (Hultén, 1988; Mitchell,
1967}, see Figure 1.

A description of B. pumpellizniss was first published almost
100 years ago (Lamson-Scribner, 1888) by the botanist Frank
Lamson-Scribner who named the species after an American
geologist, Raphae| Pumpelly. The range of pumpelly brame in
North America extends from Alaska esast into Canada and
south through western Canada to the states of ldaho, Coloradao,

Figure 1. Pumpelly brome seed heads grow about as rail as those of
smooth bromegrass, but top level or height of leaf growth in the native
brome is usually lower than in smooth brome. These rows of pumpelly

brome, planted 18 inches apart in June 1879, have grown together during
the ensuing 4 years to faorm an almost-uniform sad. Photo 29 July 1983
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and South Dakota (Hitchcock, 1950). Its native range also
occupies much of northeastern Asia, suggesting that the species
probably originated on that continent (Elliott, 1948a) and suc-
cessfully extended its range across the Beringlan lsthmus of
Land Bridge Into North America before the ocean levels rose to
separate the two continents,

Smooth Bromegrass

Pumpelly brome is closely related to smooth bromegrass (8.
inermis), a valuable parennial forage grass, which is not native to
North America, Smooth bromegrass was first introduced into
the United States in 1884 from Hungary (Newell, 1973), and
many subsequent introductions have come from various other
sources in Europe and Asia. Two major types of smooth brome-
grass, northern and southern, are recegnized in North America
(Hanson, 1972; Knowles and White, 1949; Newell, 1873;
Smith, 1981; Thomas et al., 1958}, The two types are differen-
tiated by morphological, physiological, and behavorial differ-
ences, as well as ecological preference. These northern and
southern types are believed to represent, respsctively, the
“meadow” and “steppe” types recognized in the U.S.S.R.
{Wilsie, 1862),

Mumercus named varieties of smooth bromegrass have been
developed by plant breeders; these and regional strains have be-
come widely adopted for forage production in the northern US.
and Canada. This species’ excellent palatability, high nutritive
value, good drought tolerance, long fife span, and versatility
suit it for use in pastures, as a harvested forage (hay, haylage,
silage, green-chop), and In plantings for soil cover and erasion
cantrol,

Smooth bromegrass was first planted for experimental
evaluation in Alaska in 1902 at the Copper Center and Kenal
experiment stations {rwin, 1945}, It was planted in numerous
other trials during lster years at experiment stations at Sitka,
Rampart, Fairbanks, and Matanuska. Sources and adaptation of
seatl |ots tested were not recorded and resuits varied at the dif-
ferent locations. However, at the interior stations it was general-
iy hardy and dependable, Although bromegrass yielded poorly
without fertilization, it was found to respond well to nitrate
fertilizers,

Interspecific Hybridization

Both smooth brome and pumpelly brome are tall-growing,
cool-saason, rhizomatous (sod-forming) grasses. Where culture
of the introduced smooth brome has brought it into contact
with pumpelly brome in its native range in North America, the
species have hybridized readily; the two are identical in chromo-
some number (2n = 58] (Elfiott, 1849b; Mitchell, 1967). A
major difference betwssn the two species is the greater pubes-
cence {minute hairiness) on several plant parts of pumpelly
brome, in contrast to a general lack of hairiness in smooth
brome. Resulting hybrid plants exhibit characteristics (nter-
mediate bptween the two parental species (Elliott, 1949a).

This genetic compatibility has been sxploited in the devel-
opment of the Alaskan bromegrass variety, ‘Polar’ (Hodgson et
al,, 1971; Wilton et al., 1966). Eleven of the sixteen parental
clones of this synthetic variety are hybrids between smooth
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brome and Canadian or Alaskan plants of pumpeily brome. The
other five clones are smooth brome. incorporation of northern+
adapted B. pumpelifanus germplasm {from Alaska and Canada)
into the variety Polar has conferred a higher leve! of winter-
hardiness for use in subarctic areas than is available in varieties
of pure smooth brome (Wilton et al., 1966).

Alaska Collections

Beginning in the late 1850s, the Rockefeller Foundation
funded & series of proposals submittad by the Agronomy De-
partment of this Agricultural Experiment Station to collect
seed, herbarium specimens, and living transplants of native
prasses antd legumes throughout Alaska, From these collections,
individual plants were grown in cbservational nurseries over
several years at the Matanuska Resgarch Farm near Paimer.
Included among the numerous species grown and avalusted for
various purposes were a considerable number of collections of
pumpelly bromegrass. On the basis of cumulative observations
of agronomic merit in this native bromegrass, seed of selected
limes was increased and the species has been svaluated in other,
more comprehensive, studies (Klebesadel, 1970, 1871, 1973)
and in additional investigations reported here.

The purpose of these studies was to delineate further the
agronomic potantials and limitations of B pumpellianus for
various uses in Alaska. Results reported here are from several
separate experiments conducted over saveral years at the
Matanuska Research Farm.

Seedling Vigor

When planted at four different dapths in sail, percentages
of pumpelly brome seedlings that emerged from the various
depths of seed placement were very simllar to those for Polar
bromegrass (table 1). However, average weights of pumpelly
brome seedlings, when sampled 30 days after planting, were
somewhat less than for Palar at the .25, .5, and 2-inch seeding
depths; average weights for seedlings of both bromes were

Table 1. Emergence of counted seeds planted and seadling vigor
of three grasses 30 days after planting as influenced by depth of
seed placement.

Ovan-dry
Planiting Per cent of  wt per
depth emergence  seedling

Grass (in) at .25" depth  {ma)
Pumpelly bromegrass: .25 100 10.8
B 92 11.6

1.0 94 11.0

20 36 5.1

Palar bromegrass: 25 100 16.4
5 102 143

1.0 100 10.7

20 B8 101

Engmo timothy: 25 100 4.8
5 107 5.2

1.0 76 34

2.0 14 0.9




Table 2. Mean forage yields of native Alaskan pumpelly bromegrass and other brome species and varieties in seeding year and during
five subsequent years with two harvests per year. All dates and data are means of four separate tests, unless otherwise noted.

First Secend Third Fourth Fifth
Seeding yr. = ¥
28 Sept. SJuly 21Sept 3July 40ect GJuly 21Sept 6July 19Sept 1July 19Sept Total

Pumpelly brome (B. pumpeliianus): Tons dry matterfacre

Mative Alaskan 15 1.48 .80 1.67 84 21 65 278 .83 2581 83 14.26
Smooth brome (8. inermis):

Polar! .69 148 1.20 131 120 2082 128 248 89 269 1.09 16.18

Manchar .99 1.11 a1 57 100 1.1 {5 127 90 192 123 12.13

Carltan?® a5 166 132 80 132 144 149 1.85 129 252 1.08 15.67

Redpatch? 96 8a 3 27 88 A8 54 28 08 23 A 5,85
Meadow brome (8. biebersteiniil:

Regar’ .88 A7 22 18 A7 WK — - - - - 1.90

'Preduminnntlv hybrid (8. inermis x B. pumpellianus). 2 |ncluded in three tests only. 3No survival of Regar brome bayond third winter in any test.

similar when seeds were planted at the 1-inch depth. A further
indication of less vigorous seedling growth of pumpelly brome,
compared with smooth brome varieties, is seen in lower seeding:
year forage yialds of the native brome (table 2).

Both bromegrasses emerged much better from the deepar
1- and Z-inch planting depths than did the smaller-sesded
‘Engmo’ timothy. Mareover, at the early stage of seedling
development sampled in this test, sesdlings of both brome-
grasses were much more vigorous than thoss of timothy, as in-
dicated by weight of seedlings (table 1),

Vegetative Spread

Measurements of rapidity of lateral spread by underground
stems (rhizomes) of three bromegrasses are summarized in
Tabie 3. The smooth bromegrass ‘Manchar’ exhibited the
greatest maximum extent of spread, as measured by tha most
distal emerging tillars in late May of the year after planting, for
planting dates prior to mid-June. Spread of Manchar was gener-
ally less than that for Polar in rows planted later than mid-June.

Viagetative spread of pumpelly brome plants was less than
with the varieties Polar and Manchar, especially with planting
dates prior to July, Spread of the predaminantly hybrid variety
Polar was generally intermediate between 8. pumpellianus and
Manchar,

Table 3. Mean maximum width of spread of emerging tillers of
bromegrass strains seeded in a 1-inch band on various dates
during 1 year and measured 27 May of the following year. Each
valua rapresents the mean of forty measurements.

Date planted
90 M N0 W T 13 o 38
May May June June July July JdulyJduly

Row width (in.}

Bromegrass

B. pumpellisnus 131 11.3 96 68 53 36 23 20
Smooth Brome
Palar 18:9° 171 139 103 8.1 42 27 20
Manchar 2002 W8 18T B8 6.8 38 22 20

o thizomatous spread of rows planted later than 30 July.

These results corroborate many general observations in
numerous comparisons over many years wherein vegetative
spread has been most rapid with Manchar and othar introduced
smaoth brome varieties and least rapid with pumpelly brome.
Rate of spread for Polat, representing hybridization between
these species, is Intermediate.

Forage Yields

A strain of native Alaskan pumpelly brome, representing
only very modest seiection for pelformance, was compared at
Palmer in B-year forage-production tests with the Alaskan
varjsty Paolar, the smooth brome varieties ‘Carlton’ and ‘Red-
pateh’ from Canada and Manchar from the Pacific Northwest
states, and ‘Regar’ meadow brome (table 2). Two harvests were
taken gach of the § years after establishment. Pumpslly, Polar,
and Manchar were included in four tests; and Carlton, Red-
patch, and Regar in three,

QOf the: three bromes included in all four tests, Polar was the
highest yielder, followed by pumpelly brome, then Manchar.
Carlton from Canada produced approximately as much forage as
Palar, but Redpatch, a varlety of southern-type smooth brome
from Canada, produced very low yields., Regar, a variety of
meadow brome selected from an inttoduction from Turkey
(Foster et al,, 1966; Hansan, 1972, was not winterhardy and
produced little forage.

Mitchall (1982) reported that, at this location, two strains
of pumpelly brome were surpassed in forage vields by both
Polar and Manchar in a 3-year comparison.

Forage-Yield Distribution

With two forage harvests par year, date of the first cutting
exerts @ dominant influence on the relative proportion of the
total year's forage yield contributed by the first, versus the
second, harvest. For axample, harvest of the first cutting on 15
June will result in refatively less forage in the first cutting and
more in the second {usually harvested in September) than when
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Figure 2. Comparative growth in mid-October, following harvest of first
growth in July of individual 5-year-old plants of Canadian commercial
smooth bromegrass (B, nermis! (feft] and native Alaskan pumpelly
bromegrass (B. pumpellianus) (right) ariginating from Eagle {64.8cNJ. By
mid-October, latar than normal for @ second-cutting forage harvest, the
feafy growrth of B, pumpellianus, containing few elongated culms, was
becoming bleached and chlorotic while leaves on the many elongated
culme in B inermis continued dark green. Stake is 3 feet tall,

the first cutting is taken on 1 July. (Forage yield is not the only
variable of concern in farm practice, however. Quality of forage
changas during grass arowth and would be lower on 1 July than

an 15 Jung).
Heyond the time-of-harvest influence on forage yield, how-

ever, there clearly were differences among the bromegrasses
compared in per cent of total-year forage in the first and second
harvests (table 3), Averaged over all cutting schedules in all
vears, pumpelly brome produced 74 per cent of total-year
forage in the first cutting. In contrast, the three smooth brome
varieties, Carlton, Manchar, and Redpatch, averaged only 55 per
cent of the total year's forage in the first cutting. The predomi-
aantly hybrid Polar brome produced 63 per cent of total-year
forage in the first cutting, intermediate between tha two species.
The extent to which this difference in yield distribution be-
fween the two species is simply normal growth pattern, rather
than that influenced by differences in winter injury, is not
readily apparent.

The tendency af pumpelly brome te produce a profusion of
leafy growth but few glongated stems afier midseason harvest is
Mlustrated in the October comparison between a plant of Man-
char brome and a pumpelly brome plant from Eagle, Alaska, in
Figure 2. This growth behavior of subarctic-adapled pumpelly
brome parallels that of the most winterhardy, northarn-adapted
timothy varieties {Engmo from northern Morway, ‘Korpa’ from
lceland! Like pumpally brome, those variaties produce a dense
growth of elongated stems in the first growth of the season, but
mostly @ mat af shorter, teafy growth following midseason har-
vast, [N contrast, less winterhardy, more southern-adapted
brome and timothy varieties produce another crop of elongated
stems in the second growth of the season.

It is typical for pumpelly brome leaves in seeding-year
stands, or in the second growth following midseason harvest, to
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bleach and become light green to yellowish in |ate September
and October; this characteristic of foliar senescence during the
winter-hardening period has been noted also in subarctic-adapt-
ed red fescue (Klebesade! et al,, 1964).

Forage Quality

No known attempts have been made to plant pumpelly
brome for use as a forage crop; however, it is grazed where live-
stock encounter It In native plant associations throughout jts
range (Johnston and Bezeau, 1982). There appears to be no
reason that forage quality of pumpelly brome should not be
roughly comparable to other bromegrasses, except perhaps very
late in the year, aftar termination of the growing season, when
second-growth leaves become yellowed.

Johnston and Bezeau (1962 sampled pumpelly brome and
fifteen other native grasses in southwestern Alberta and report
ed chemical composition at five stages of development. Crude
protein and carotene per cents were very favorable at the early,
leafy growth stage for pumpelly brome.

Mitchell (1982) in Alaska found pumpelly brome herbage
tended to be higher in ecalcium but lower in magnesium than
Palar and Manchar brome; otherwise, quality indices such as
nitrogen content were generally favorable.

Winter Hardiness

in the many field tests conducted here there have been no
recorded instances of winterkill or aven apparent winter injury
with native pumpelly brome. The extreme winter hardiness of
native Alaskan brome is a valuable attribute of this grass for use
in Alaska, because a great many grasses used successfully else-
where are not dependably winterhardy here (fig. 3).

Figure 3. Comparative winter survival of three bromegrasses following an
unusually severe wintar at the Maraniska Rasearch Farm: native Alaskan
pumpelly brome fleft], Manchar smooath brome from the Pacific North-
west area (center), and the Alaskan varioty Polar (right), which incorpor:
ates some northern-gdapted pumpelly brome in its parsntage. (The
clumps of living grass in the Manchar plot ara Kentucky biliegrass present
as contarninants),



Seed Yields

Pumpelly brome is a yood seed producer, although, like
other pearennlal bromes, it does not produce mature seed in
Adaska during the year in which it is planted. Seed yields during
the second year are, however, extremely influenced by date pf
planting during the previocus year, with highest yields abtained
from earliest planting dates (Klebesadel, 1970},

The pumpelly brome field shown bieing harvested for sesd
in 1980 in Figure 4 was planted on 2 July 1978 without can-
cern for maximizing seed yleld in 1980. The figld yielded at the
rale of 377 pounds per acre in 1980: earlier results Indicate it
would have produced more had it been planted in May or June.

Studies have shown (Clarke and Elliott, 1974; Hodgson,
1966} that the floral primordia of northern pumpeliy brome be-
gin initial development during iate summer and autumn. Thesa
minute, embryonic seed heads overwinter in underground tillar
branches, then gradually enlarge as they becoms fully developed
and mave upward inside the stems that elongate during May and
early June of the following year.

Seed heads normally emarge during early June in the years
after sstablishment, and seed is ripe for harvest from mid- to
late August, depending on weather conditions during the grow-
ing season. Pumpelly brome seed matures about 1 week earlier
than the variety Polar.

Mature seeds of pumpelly brome are dark purplish to black,
in contrast to the lighter-brown seeds of smooth bromegrass
{fig. 5). The papery seed coverings (lemma and palea) that shield
the actual seeds (caryopses) from view in Figure 5 are somewhat
transiucent, but also carry some of the pigmentation of the
seeds within. Seeds of Polar tend to be intermediate in color-
atian betweean the two parental species.

The larger of the two sesd coverings (lemmas) in pumpelly
hrome possess an abundant, microscopic hairiness, while lemmas
in smooth bromes exhiblt an dlmost total absence of such
pubescence. The hybrid Polar is intermediate in this character-
istic as well.

Figure 4. Combine harvest of pumpelly brome seed crop at Matanuska
Reskgrch Farm on 27 August 1980,

Seeds per Pound

Mumerous lots of 500 seeds each of pumpelly brome were
counted and weighed from 4 different years’ seed production
from experimental plots. Caleulations from these data indicate
an average of 92,000 seeds per pound for this species. Smooth
bromegrass seeds are slightly smaller (fig. 6) and average
138,000 per pound.

Counts of seed of the predeminantly hyhrid Polar, pro-
duced during seversl different years, indicate approximately
102,000 seeds per pound, intermediate between the twao
parental species. These data suggest that seeding rates of Polar
and pumpelly brome should be commensurately higher than
those of smooth brome to achieve equivalent stand densities
during establishment.

Conclusions and Potential for Use

The pumpelly brome evaluated in the studies reported here
possesses many valuable attributes including good seed pro-
duction and sesdling vigor, excellent winter hardiness, good
torage production, long-lived stands, and sod-forming growth
useful In binding soils against erosion. It represents a grass re-
source that may find use for forage production in areas subject-
ed to extrame winter stresses. Further, it may prove valuable for
revegetating disturbed areas where soil conditions are favorable
for its growth and where rigarous winters preclude use of other,
less wintarhardy grasses.

This grass has already served in crosses with smooth brome
to produce hybrid plants incorporated into the extremely win-
terhardy variety Polar. Plants usad In those crosses were ran-
domly selected, without emphasis on agronomic merits. There-
fore, further crosses using selected, superior germplasm should
result in superior hybrid materials, The extensive natural range
of pumpelly brome in Alaska and the extent of variability noted
among numerous collections evaluated suggest that there is con-
siderable opportunity for artificial selection within the species.o

CAELTON

FOLAR rumpELLT

Figure 5. Close-up comperison of seeds of diffarant bromegrasses: Man
char and Cariton smoath brosme, Polar hybirid brome, and narive Alaskan
pumpelly hrome. Note larger, dirksr-colored seeds in pumpelly brome.
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Lingonberry Cultivation

By

Patricia S. Holloway®

Introduction

One of the distinguishing features of tha Alaskan landscape
is the variety and abundance of wild berry-producing plants
fourid throughout the state. Among the most popular of these
plants is the lingonberry, Vaccinium vitis-idaea, a plant that is
common to most northern regions of the world. The lingon-
berry has long been recognized as a plant of considerabla
horticultural value, and for at least 20 years efforts have been
made to domesticate this plant for sustained-yield, small-fruit
production.

Lingonberries were first cultivated in 1789 (Rehder, 1940),
but intensive efforts have been initiated only recently to devel-
op a high-guality horticultural fruit crap. In the past, all fruit
was collected from wild stands. In Europe, however, urban
gneroachment and changes in logging practices in major fruit-
harvesting regions, lack of sufficient labor to harvest the fruit,
uncontrollable fruit quality, and fluctuations in annual yields
have combined to stimulate research into methods of lingon-
berry cultivation and improvement. |n Alaska, efforts to in-
crease the utilization of natural renawable resources and to de-
velop potential uses for vast acreages of marginal lands have led
to studies on the biology and cultivation of lingonberries,

Domestication of the lingonberry is potentially valuable in
providing iarge quantities of high-quality berries for commaercial
processing. Cultivation practices can reduce labor costs and
provide a reliable supply of berries for domestic and export
markets for fresh and processed fruit. For the homa gardener,
domestication of the lingonberry can lead to the development
of an attractive home-landscape plant that will produce an
accessible crop of fruit for fall harvesting. However, consider-
able research is required, both for the development of a small-
fruit industry and for hame gardening use, if the lingonberry is
to be effectively adapted from a wild plant into a cultivated,
high-guality, horticultural crop.

The Wild Berry

The linganberry is a member of the heath family, Ericaceae,
and is related to the commercially produced cranberry, Vac-
cinium macrocarpon. Lingonberries grow throughout arctic
Amarica, extending southward to New England, the Great Lakes
region, and British Columbia (Hultén, 1968; Munson, 1901).
They are also prevalent throughout northern Europe and Asia.

* Assistant Professor, Horticulture, Agricultural Experiment Station,
Fairbanls.,

The lingonberry, one of thé most popular wild barry plants.in Alaska, has
been successfully developed into a major sroall-fruit crop of some eco-
nomic importance in other parts of the world and iy patentially valuabie
ag such in Alaska,
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Figurs 1. Blassoms of fingonberries.

Hulten (1949) divides this circumpolar species into two races
relating to adaptations to its ecologically diverse range. The
lowland subspecies, witis-idaea, occurs in Europe and northarn
Asia and joins the arcticemontane subspecies, minus In the
mountains of Scandinavia. Subspecies minuws grows in North
America and Europe and js the race found in Alaska. Through
out this range, the lingonberry is known by more than twenty:
five common names including cowherry, lowbush cranberry,
foxberry, partridge berry, and mountain cranberry.

Lingonberries produce upright stams that originate from
subterranean, horizontal rhizomeas. Stems may appear singly,
ane Or two per sguare metar, as in many Sphagnum sp. or
tussock-forming bogs or in dense clones several meters in
diameter as in soma mixed spruce-hardwood forests. In Alaska,
fingenberries have a diverse habitat, growing abundantly from
dry roadside slopes with little or no developed arganic-matter
layer 10 acid-peat bogs, and from mature, shady forests to fully
exposed alpine and arctic tundra slopes. They often cccur in
greatast abundance on top of decaying tree stumps in matura
forests. Throughout its range, lingonberries appear to be most
abundant in forestad regions that have moist, acid soils, moder-
ate shade, and & well-developed organic-matter layer (Ritchie,
1955; Viereck and Little, 19721,

In interior Alaska, the pink bell-shaped flowars of the
lingonberry appear in early June with full bloom lasting from 18
to 27 days {fig. 1). Clusters of green berries ripen to a deep
burgundy fram late August through September, approximately

Figure 2. Ripe fruit of lingenbarries.
5

78-84 days after full bloom (fig. 2) (Holloway, 1982). The
fruit is smaller, a deeper I'ed, and more tart in flavor than the
cultivated cranberry and is a source of potassium, calcium,
magnesium, phosphorus, as well as carotene, By, B2, folic acid
and C vitamins (Heller and Scott, 1862). The fruit is also rich in
benzoic acid and tannins and has a pH of 2.5 (Bandzaitene and
Butkus, 1377; Stark et al., 1978). Lingonberrigs are & versatile
addition to a variety of prepared foods and have been used
successfully for many years in sauces, jam, bread, juice, and
even ice cream.

One problem associated with all wild stands of lingonberries
is the wide fluctuations in yield of ripe berries. Seasonal losses
of flowers or immaturs fruit can be as high as 84 per cent of the
total number of flowers produced in 2 stand, Losses may be
attributed to cold temperatures, rain, or drought during flower-
ing {Tear, 1972) and self pollination (Hall and Beil, 1970}. In
Alaska, hall storms during flowering can account for substantial
losses of flowers and green fruit. Insufficient pollination by
insects, principally bumble bees and honey bees, is also a factor
in limiting fruit preduction. In a8 comparison of lingonberries
that were caged to exclude insect pollinators and plants that
were open-pollinated, fruit set was significantly higher in open-
pollinated plants (table 1). Open-pollinated plants also produce
larger fruit with a greater number of seeds per barry than caged
plants {Holloway, 1982,

The initial attempts to improve lingonberries and to allevi-
ate the wide fluetuations in vields involved the eradication of

Table 1. Effacts of insect pollination on fruit set and development in lingonbarries at two sites in the Fairbanks, Alaska, area.

Avirage number Avyerage berry Avarage berry Number of Par cent 7
per slem diameter waight seeds par fruit
Site Treatment Flowers Fruit {cm) {a) berry set
Chena Pump Road Open- B.7 22 n0.8o0*"* 27" 12.7 39.6""
{elevation approx- pollinated
imately 400} Caged O ST ot 0.52 0.168 52 0.6
Gilmore Trail Open- 5.3 04"" 0.39 0.13 8.9 g4
(elevation approx pollinated
imataly 1200") Caged 4.9 0.0 0.0

* *Mueans differ significantly, P= 01
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competing vegetation and the fertilization of wild stands. This
research was begun in Alaska in 1985 by Dr. Arvo Kallio at the
Agricultural Experiment Station in Fairbanks. Similar studies
were reported in Finland by Dr. Aaro Lehmushovi. Both re-
searchers found that fruit yield in wild stands can be improved
substantially with fertilization. However, if these stands contain
appreciable quantities of grasses and broad-leaved herbs, lingon-
berries often disappear from the arsa due to competition with
those other plants that also benefit from fertilization {Kallio,
unpub;' Lehmushovi, 1977 a, b). Crop improvement through
manipulation of wild stands will require a vigorous program of
weed control,

Commercial Interests

In Scandinavia, Germany, and the Soviet Union, the lingon-
berry is @ major small-fruit crop. Total annual consumption of
berries in Sweden is estimated at 12 million kg {Fernguist,
1977), while In Finland annual yields of up to 20 million kg
may reach the marketplace {(Lebmushovl, 1977a). The major
exporting countries in Europe are Sweden, Finland and the
Soviet Unijon, and the primary importer is Germany (Statistical
Offices of the European Communities, 1979). Sweden also
exports fruit to the United States, but most of this is processed
rather than fresh fruit. A liter of lingonberry sauce from Sweden
sells in Alaska for $9.00-$12.00.

Berries are also collected commercially in Nova Scotia and
MNewfoundland, but production is low in comparison to Scandi-
navia. A small amount of fruit from these areas is imported Into
the United States, especially Into east-coast and northern-
midwest markets,

Lingonberries are commercially harvested on the east coast
af Newfoundland, primarily on the Avalon and Bonavista
Paninsulas (Hall, 1978). Prices paid to pickers in 1977 ranged
from $0.22 to 50.27 per kg (Stark et al., 1978). Approximately
one-third of the crop is retained in Newfoundland, while the
remainder is exported to Europe and the Linited States. Exports
for 1976 were 37,825 kg (Hall and Beil, 1970).

I 1914, berry harvesting In Newfoundland was a family
enterprise with an average, dajly, hand-picked yield of 113.6
kg, Following a cleaning process by winnowing, the berrigs were
packed in water in 90-liter barrels (Torrey, 1814).

Currently, most of the crop Is still hand harvested from
wild stands, but in some raglons a small hand rake is used (Hall,
1978), Some of the fruit is cleaned, frozen, and exported to the
United States In plastic-lined cardboard cartons. In Minnesota,
these frozen berries are thawed and packed in water in cottage
cheese-type cartons. This process is an apparent attempt 1o
emulate the more old-fashioned method of packing in water in
wooden barrels.

Commercial harvest of lingonberries in Alaska averages less
than 5000 kg snnually. Several processors in southcentral
Alaska produce such items as jam, sauce, and candy that are
sold locally, chiefly to tourists. Fresh berries are sold sporadical-
ly at farmer’s markets, but no measurable amount is exportad,
The fruit for processing is hand harvested from wild stands

'Kui!lo, Arvo, 1965. Agricultural Experiment Station, University of
Alaska, Fairbanks.

throughout Alaska, but primarily on the Kenal Peninsula. Pro-
cessors rely on word-of-mouth to recruit pickers or advertise for
fruit in local newspapers beginning in August and pay pickers
from $0.78 to $1.00 per kg. An annual problem far many pro-
cessors is finding enough pickers to harvest large quantities of
clean frult.

In the early 1920s, berries from Alaska were shippad to
Seattle for $0.56 per kg, but prices were not competitive with
Evropean fruit sefling for 80.18 per kg (Moore, unpub.).® Sub-
sequent attempts to market fresh berries outside Alaska from
Dillingham and Kokhanok Bay in the 1940s and 19505 also
proved to be uneconomical {Marsh, unpub.).?

Products such as sauce, preserves, candy, jelly, juice, syrup
and pickles are processed and marketed in Japan (lwagaki et al,,
1977, throughout Europe Unternational Fruit World, 1957;
Liebster, 1975) and in Alaska, In Siberia, berries have besn
fermented and distilled with barley ar rye or combined with
honey to produce a wine (Munson, 1801). Combinations of
berries with dairy products such as yogurt have not been ac-
cepted by European consumers (Muller, 1977), but lingonbarry
ice cream has been successfully test marketed (Pillsbury,
unpub.), *

The leaves and stems of lingonberries are used as a source of
pharmaceutical arbutin. In Rumania, arbutin j§ manufactured
under the name, ldalbina, and is used to cure human intastinal
disorders (Racz et al., 1862).

In most northern regions of the United States the plant is
known commercially as an ornamental ground cover rather than
a fruit crop {Rehder, 1840), However, no selections have been
made for plant improvement,

Cultivation

The first cultivation experiments in Finland began in 1968
at the Institute of Horticulture in Piikkio {Lehmushovi amd
Hiirsalmi, 1973; Liebster, 1975). These experiments showed
that plants growing in cultivated fieids could yield nearly five
times those growing in the wild (Liebster, 1975}, Milled peat is a
better substrate than sand or a 1:1 mixture of sand and peat.
Mulching increases fruit yields, with a sand mulch being more
effective than milled peat, gravel, straw, and unmulched mineral
soil. Application of an 11-11-22 fertilizer at 10 kg per acre in-
creases fruit yield but decreases berry size |Lehmushovi and
Hiirsalmi, 1973; Liebster, 1875},

Trials in Sweden have shawn that the best substrate Is
sandy, acidic (pH 5-8) soils with at least a 2 per cent organic
matter content. Research with fertilizers has shown that the
mineral nutrient requirements of lingonberriss is very low, and
fertilizer neads, in general, are very small. Large quantities of
nitrogen (up to 12 g per m° ) decrease shoot growth, yield, and
berry weight on most soil types, and only positively influence
lingonberry growth on nutrient deficient sandy soils (Ferngvist,
1977, Ingestad, 1973).

In 1979 research was begun to determine the optimum
substrate for cultivation of lingonberries in Alaska (Holloway et

IMoare, J.D. 1958, Kokhanok Bay, Alaska.

3Marsh, C.F. 1968, Agricultural Ressareh Center, Agricultural Experi-
ment Station, Palmaer,

‘Pillshuw, H.W, 1958, Cooperative Extension Service, USDA, Palmer.
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al., 1982b). Vegetative growth was abserved for 3 years on
plants grown in four unsterilized, native Alaskan substrates:
coarsely-ground Lemeta peat; Fairbanks silt loam soll; a mixture
{1:1) of peat and silt loam soil; and washed, Chena, very fine,
sandy loam soil. Plants grown in peat showed the greatest in-
crease in vegetative grawth as exemplified by piant dry weight
(table 2). The leaves on plants grown in peat remained green
throughout the entire experiment, while the leaves of plants in
all other treatments showed varying degrees of chlorosis follow-
ed by reddening snd necrosis. High pH and low organic-matter
content of the silt loam soil, sandy soil, and soll-peat mixture
probably contributed to poor growth on these substrates. This
study showed that agricultural soils, as exemplified by the silt
loam soil, and sandy alluvial soils are not appropriate for lingon-
berry cultivation. Incorporation of peat into agricultural soils
improves growth anly siightly. Future experiments with lingon-
herry cultivation should be conducted on a substrate composed
entirely of peat,

Table 2. Dry weight of lingonberries grown in four Alaskan
substrates for three growing seasons.

Dry weight (mg)

Yertical
Substrate Stems Leaves Rhizoames Roots
sandy loam soil 363" 66.3b 1198b 12.4a
silt loam soil 44.4b 56.9b 118.7h 3.5b
silt loam-peat 38.7b 68.7b 121.5h0 7.0b
mixture
peat 70.8a 176.1a 161.9a 17.5a

*a.bh, Mean separation by Duncan's new multiple range test, 5 per cent
lavel.

Additional experiments were designed to determine if
lingonberries could be grown in full sunlight in cultivated fields
(Holloway et al., 1982a). Lingonberriss were grown under four
treatments: 0, 44, 58, and 73 per cent shade provided by
viarious thicknesses of polypropylene shade cloth. Following
three growing seasons, the greatest vegetative growth ooourred
in the unshaded plants (table 3). The only measurable increase
in growth that occurred in any of the shaded plants was an In-
crease in plant height in the 73 per cent shade treatment. This
study has shown that it should be possible to grow lingonberries
in full sunlight in cultivated fields without provisions for shad-
ing 1o enhance plant establishment. In addition, in modification
of wild stands to promote maximum vegetative growth, cover
by shrubs and trees should be eliminated and weed growth
minimized.

Table 3. Dry weight of lingonberries grown under 0, 44, 56 and
73 per cent shade for three growing seasons,

Dry weight (mg}

Per cent Verticasl
Shade Stems Leaves Rhizomes Roots
k] 191.5a" 474,32 309.6a 53,48
44 92.8b 223.2b 142.7h 21.2b
15153 103.0b 241.8b 170.5b 16.4h
73 108.8b 266.6b 165.4b 17.1b

*ab, Mean separation by Duncan's naw miltiple range test, 5 per cant
lewvai.
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Propagation

Investigations into methods of lingonberry propagation
are necessary for this plant’s establishment in cultivated fields.
Requirements for seed propagstion are wall established (Dens-
more, 1974; Hall and Beil, 1970; Lehmushovi, 1875), however,
experimental broadcast seeding in Fairbanks has baen unsuceess-
ful., Greater benefits are obtained when seed s germinated and
grown in controlled environments from which seedling trans-
plants are obtained, Seeds germinate siowly when extracted
from ripe berries and sown onto a finely milled peat substrate.
They should be stratified for 30 days at 4°C prior to sowing to
enhance germination which generally takes 10 to 14 days. Plants
from seeds will flower and produce fruit 3 to B years after
seedling establishment.

Propagation by vegetative cuttings is generally an effective
method of abtaining genetic uniformity and high-quality plants.
Stem cuttings taken during the dormant period root in about
2-3 weeks. However, rooted stem cuttings fail to produce rhi-
zomes from which new shoots arise. Growth seems to be limited
to increased branching and developmert of the original stem
with little vegetative expansion (fig. 3). Propagation using rhi-
zome cuttings shows no such disadvantage, and may be the only
method of effectively propagating lingonbarries vegetatively.

The guickest method for planting a cultivated field is by
transplanting clumps of established lingonberry plants from wild
stands. The size of the transplants determines their subsequent
survival, with those containing few individusl stems exhibiting
the greatest mortality. The use of larger sections increases plant
suryival but also increases the chances of transplanting un-
wanted native vegetation into the cultivated field. Establishing
cultivated fields by this method should be used only when
breeding experiments or selection for superior strains Is antici-
pated since much of the variabllity in the growth and fruit
production exhibited in wild stands will be transferred to the
cultivated field.

Conclusion

In general, the basic criteria for beginning a cultivated field
of lingonberries include acid peat substrates, plenty of moisture,
and little or no shade. Plants should be started from seed or
rhizome cuttings in the greenhouse and transplanted into the
field in spring. The fields should be irrigated throaughout the
summer to increase transplant survival and promote rhizome
production. Fertilizer should be used sparingly, and applied
only in several small quantities spread out over a long period.

These studies have just begun to penetrate the complexities
of adapting the wild lingonberry into a cultivated crop. Much
has been learned from the research in Alaska, Scandinavia,
and the Saviet Union, Studies should be continued to determine
specific cultural requirements for local growing conditions.
Further experimentation with fertilization, irrigation, weed
control, and identification and contral of diseases is necessary
to provide complete knowledge into the development of this
plant. Intensive investigations through controlled-environment
experimentation are also necessary to determine mineral nutri-
ent requiremeants and general physiological adaptations of the
lingonbarry, This research will enhance its domestication into a
high-gquality, sustained-yield horticultural fruit erop for Alaska.o




Figure 3. Lingonberry plant an the left is a 2-year-old stem cutting while plant on the right is a 2-year-old ssediing.
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Monitoring the Activity of Root Maggots

By

David P. Bleicher”™

Introduction

Root maggots of the genus Delia (Diptera: Anthomyilidas)
are the most important insect pests of Brassica crops (radish,
turnip, broccoli, cabbage, etc.) in Alaska. Fesding by immature
(larval) stages of the pest results in surface scars and feeding
tunnels on roat crops (fig. 1), rendering produce unacceptable
for market. Infestation of stem Brassicas results in a decrease in
yield and quality of produce (fig. 2). Younger plants may he
killed. Root maugots can be controlled effectively by timely
application of appropriate pesticides. Mowaver, those involved
with Brassica crop production and concerned with control of
root maggots should consider the seasonal activities of the pest
when developing control strategies (Bleichar, 1982).

Many species of Defia have bean collected in Alaska, but
not all are considered to be of sconomic importance to the
production of plants of the family Brassicaceae (Cruciferag).
0. floralis Fallen {turnip maggot) is most abundant and widely
distributed. lts host range Is limited to members of the Bras-
sicaceae, Where there is no commercial or subsistence produc-
tion of host plants, low-level endamic populations survive on
wild mustards (Washburn, 1953). 0. p/atura Meigen (seed corn
maggot) is @ more general feeder but is conspicuals as a low-
level pest of Brassicas. Reports suggest that it s found in greater

* Research Entamologist, Agricultural Experimuent Station, Palmer,

numbers in the moderate climates of southern coastal aress
although its range of occurrence is greater (Chamberlin, 1949;
Huckett, 1965; Washburn, 1963). Where it occurs, D. platura is
generally found in association with D. fleralis. Although D.
radicum L. {cabbage maggot)} eccurs in Alaska, the extent of ts
range and importance to production s not presently known. It
ks, howaver, been collected and implicated as an incitant of
seyere damage in one location in the Matanuska Valley.

Early reports (pre-1844) of root maggot injury in Alaska
describe damage as the result of D, radicum activity. However,
this determination was apparently not based on faxonomic
confirmation.

Chamberlin {1845) examined the species composition of
root maggots in Alaska, Larvae collected from cultivated Bras-
sica hosts were reared to adult and identified as D. floralis and
D. platura. It was concluded that, in terms of numbers and
economuc significance, 0, floralis is the more important species,
a conclusion with which Washburn {18953} agrees. Neither
Chamberlin nor Washburn report the collection of D. radicum.
In 1982, however, severe root maggot infestation was obsarved
in radish at one location in the Matanusks Valley early In the
season at the time when Delia at all other monitored locations
were just becoming active. Larvas and adults were collected and
determined to be D. radicum (D.P. Bleicher! ).

j'l‘hm determination wes made a3 the result of 8 sudy conducted by
David P. Bizicher, unpublished.

Figure 1, Root maggat damage to turmip

Figure 2. Root maggot damage to cabbage. Nete complete destruction of
tap roet.
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Figure 3. Trap used to monitor emergence-and flight sctivity of Delia
flies.

There are apparent similarities between root maggot popu-
lations in Alaska and other circumpolar regions, Lein (1955)
discussed the species composition of cabbage root flies and their
impartance In Norway. 0. floralis is more numerous than O.
radicum, and the importance of D. radicum becomes less in
Norway's northern districts, Also, D. platura commonly occurs
in low numbers in association with the other two spacies.

Observations of the emergence of 0. radicum and D. floralis
adults from overwintering pupae have been reported by Lein
{1955} and Rygg (1962) in Norway and by Varis (1980} in
Finland. Depending on latitude, first appearance of adults may
oceur from May 7 to Juna 10 for D. radicum with the develop-
ment of two generations each season |n areas in which they ap-
pear eatlier. First emergence of D. floralis may occur from June
11 to July 4. In sll locations a single generation matures each
year.

The life history of root maggots in southcentral Alaska has
been addressed by Chamberlin (1848}, Adults begin to emerge
from overwintered pupae in late May to early June for a period
of B to & weeks with peak emergence occurring during the latter
part of June. This is based on emergence under screen cages
over tilled and undisturbed ground containing infested Brassica
root crops, Oviposition begins during the same period, with eggs
hatehing within 7 to 10 days. Larvae complete development to
pupal stage approximately 4 weeks after hatching. Overwinter-
ing occurs in the pupal stage. A single generation develops each
season.

Root maggots are controlled with Insecticides in Alaska.
Commercial growers make prophylactic applications of insecti-
cides throughout the season, beginning with a preplant, soil-
incorporated, broadcast treatment and continuing with post-
emergence, foliar-spray applications at regular intervals. This
intensive insecticide program protects ¢rops from root maggot
damage, but it is expensive and, in most cases, unnecessary.
Timing the insecticide applications to coincide with adult flight
or ovipositional activity may result in fewer treatments.

A study was initiated in 1978 to determine the emergence,
seasonal flight activity, and ovipositional activity of adult root
maggots, with particular reference to D. floralis.
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Figure 4. Baited traps wera set around the perimeter of a mixed plot of
Brassica crop plants.

Materials and Methods

General

All observations were made at the Agricultural Experiment
Station's Research Center at Palmer during the 1979 and 1982
field seasons. Traps were employed to monitor adull emergence
and flight activity. They were pyramidal in shape, covered 1 m®
at the base, and were 1 m long on the sides. Legs, 30 em in
length allowed the base to be raised, yet securely anchored the
trap. Traps were constructed of welded Y-inch steel-rod frames
covered with ofive, nylon mesh. An Inverted 1-quart glass jar
fitted with a wirg-mesh cong with a small aperture at [ts top was
secured to the apex of the trap {fig. 3). Adult flies having a ten-
dency to fly upwards in attempting escape are funneled through
the small sereen cone and into the jar.

Adult Emergence

In 1980 and 1982, traps were placed over undisturbed soil
that in the previous year was sown to turnip, broccoli, and
rutabaga and allowed to become infested with reot maggots.
Traps were set flush to the ground and soil was mounded
around the bases to ensure the capture of adults as they
emerged. Traps were set during the first week in May. Four were
set in 1980, and three in 1982. The specimens were removed for
identification each Monday, Wednesday, and Friday throughout
the season.

Adult Activity

Adult sctivity was monitored during the summers of 1979,
1980, and 1981. Traps were baited, and their bases were set 10
cm above the soil surface allowing for the entrance of attracted
flies {fig. 4). Baits consisted of ransplanted liners of cauliflower
var. Snowmound, turnip var. Purple Top White, and meat meal,
Fifty grams of meat meal was wrapped in a fing nylon mesh to
form a sachet for each trap. This was then enclosed in a 15cm
cube constructed of %-inch hardware cloth and secured to a
post driven into the ground. Six traps were sét in 1979 and
1980 and five in 1981 around the perimiter of the study plot. In
1879, traps were monitored every second day and every Mon-
day, Wednesday, and Friday in 1980 and 1981.



Figure 5. Deiia eggs on radish.

Oviposition

Qviposition by root maggots on three varieties of Brassica
crop plants was monitored in 1979, 1980, and 1981. Study
plots were randomly seeded in rows to turnip var. Purple Top
White Globe, broccoll var. Waitham 29, and rutabaga var.
Burpee's Purple Top Yellow,

In 1979, a destructive sampling technique was used in an
sxtensive planting. Delia eggs were counted on ten randomly
sglected plants of sach variety {fig. B). Plants were removed as
sgaos were counted, Egg counts were made every second day.

In 1980 and 1981, ten plants of each variety were ran-
domly selected and marked, Eggs were removed as they were
counted so that the same plants could be monitorad through the
sgason. Counts were made gach Monday, Wednesday, and
Friday.

ldentification

All adults collected from the cone traps were fiaid sorted to
Anthomyiid-like flies. These specimens were mounted and |a-
beled. Using & synopsis of taxonomic characters based on the
kays of Huckett {1865} and Brooks {1959} Delia spp. were sep-
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Figure 6. Adult D. tluralls emergence, 1980.

arated. Because of variability in characters used at the species
level @ number of male specimens were used to spot check jden-
tifications by dissection and examinations of genitalia.

Results and Discussion

Table 1 shows the relative sbundance of Delia spp. that
emerged from overwintering pupae under traps over the root
maggot-infested Srassica plot. D. floralis is clearly the most im-
portant, D. florifega Zett. and D. platurs occurred in low num-
bers. No D. radicum were collectad.

Table 1. Emergence trap collection totals for male Delia spp.

Species 1980 (4 traps) 1982 (3 traps)
D. floralis 233 210
D. platura 1 3
D. florilega 0 1
D. radicum 0 0

Both males and femates of 0. floralis were first collected on
June 19 in 1980 (fig, 6). Male emergence increased at a greater
rate. Peak emergence for females followed males by 7 days. No
D. floralis were collected after July 16.

In 1982, first emergence of males preceded that of females
by 12 days {fig. 7). Low numbers of males were collected on
June 2 and 4. Their rate af emergence did not become great
until June 9. As in 1980, male emergence peaked and declined
early. Females were first collected June 14. More than 99
per cent of the total femaies were collected by July 30, Single
individials were collected on August 4 and 6,

Flgure 8 summarizes the adult flight activity of Delia flo-
ralis for 1879, 1980, and 1981. The trend of activity is generally
similar from year to year: however, there are distinctive shifts in
the periods of activity, Early activity parallels that of emer-
gence, with male populations being active earlier than females.
Dates for first abservation of males ranged from June 3 in 1981
to June 11 in 1980. First abservation of females ranged from
June 9 in 1979 to June 27 in 1980. Females continue a high
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Figure 7. Adult D. florslis emergence, 1982,
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Figure 8. Flight activity of D. floralis,

level of activity later in the season. Last observations of activity
far the 3 years were August 8, 18, and 5, respectively.

Although the time of first observation of eggs varies by
only 4 days, the patterns from year to year vary considerably
{fig. 9). In 1979 and 1981, the number of eggs per plant in-
creased greatly in a short time with peak ovipositian occurring
only 10 days after first abservance in 1979 and 14 days after in
1981. The increase in the oviposition rate in 1980 was more
gradual, peaking 20 days after first emergence. The differences
in the duration of high-level ovipesition is significant. In 1979,
this period lasted 32 days in contrast to 46 and 49 days in 1980
and 1981, & difference of 14 1o 17 days. This suggests a de-
creased period of insecticide need in some years depending on
economic threshold levels on the crops baing grows.,

Conclusions

The information gained through this study points out
inefficiencies in currently used root maggot-control practices in
Alaska and suggests improvements.
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Figure 9. Delia ovipasition,

Because D. floralis emerges later in the spring, insecticides
applied at the time of planting (in May) would lose effectiveness
before oviposition in mid-June. Delaying application of material
of short residual effectiveness until oviposition begins may mean
that fewer applications would be necessary. This is also an im-
portant consideration when using a substance with greater resid-
ual effectiveness but which carries with it labeled restrictions on
the number of applications which should be made in a season.

Depending on the crop being grown, insecticides may not
be necessary as late in the season in some years as in others, Al-
though economic thresholds are not known for D. floralis on
Brassicas at various stages of maturity, it Is expected that ma-
ture stem Brassicas might tolerate the activity associated with
low levels of oviposition late in the season. This would indicate
a further reduction in insecticide application.

Root maggot-control programs based on the seasonal
activity of the pest and characteristics of the available insecti-
cides will result in control that will not only prove effective but
more efficient. o
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Rhizoctonia Disease of Potato

By

Donald E. Carling”®

Introduction

Rhizoctonia disease, or “Rhizoc,” is a common disease of
potatoes. This disease was first reported in Germany in 1858
(Kuhn, 1858) and subsequently has been observed in most areas
of the world in which potatoes are grown. Rhirzoctonia disease is
also known as “black scurf,”” after the dark brown-to-black, ir-
reqularly shaped sclerotia that form on mature potato tubers
(see Symptoms, below).

Rhizoctonia disease is considered by some growers to be a
nuisance disease, but one of no significant economic impor-
tance. Others say it is responsible for significant decreases in
yield as well as a general reduction in grade guslity of the
harvested crop. Current and future studies at the Agriculturai
Experiment Station in Paimer are aimed at discovering the true
impact of Rhizoctonia disease an potatoes in Alaska.

The disease is caused by the fungus Rhizoctonia solani
Kuhn, the perfect state of which is Thanatephorus cucumeris
(Frank) Donk (1981). Related isolates of A. solani are capable
of anastomosing (hyphal fusion) with one another, and the
species has been subdivided on the basis of this capability. Five
major anastomosis groups have been identified, and all R. solan/
isolates pathogenic to potatoes have proven to be members of
the same group, anastomosis group-3 [AG-3). AG-3 isolates are
not generally thought to be pathogenic on plants other than
potatoes, although bariey is a reported exception (Murray,
1881). If barley is indeed a host for R. solani AG-3 (further
research will be required to establish this), barley would be a
poor choice as a rotation crop for potatoes.

Symptoms

Foliar symptoms of Rhizoctonia disease may include rol-
ling of leaves and a general chlorasis (yellowing) of vines and
leaves. Stunting of foliage also can be a common symptom, and
wilting is sometimes observed in severely Infected plants. Al-
though not a foliar symptom per se, aerial tubers (fig. 1) provide
additional above-ground evidence of Rhizoctonia diseass, and
this symptom is frequently observed in commercial potato fields
in southcentral Alaska, as well as in other parts of the state.
Aerial tubers form in the leaf axils of above-ground stems and
take on some of the general characteristics of tubers as they

* Assistant Professor, Horticulture, Agricultural Experiment Station,
Palmer.

Figure 1. Aerial tubers form in leaf axils of R. solani-infected
plant. Tightly clustered tubers at soil line are also indicative of
rhizoctonia disease an below-ground portions of the plant.
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Figure 2. R. solani causey lesions or cankers to form on roots and sterm of
patate piants. The lestons gre light to dack brown and vary in size de-
pending on vivulence of the fungus, envirapmental conditions, and time
of infection.

Figire 3. Sclerotia are masses of R, olan| myealis thar farm on tubers st
seasan’s and. They easily survive the winter in starage and quickly infect
newly developing plants if present on the seed piece.

Figure 4. Grey-white myeelia form on the stém bases fater in the growing
seagon. This growth does no harm ro the plant, but indicatss destructive
activity by the fungus belaw ground,
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form underground. General foliar symptoms, as well as aerial
tubers, can be indications of problems other than Rhizoctonia
infection, li.e., rolled leaves can indicate blackleg, virus infec-
tion, environmental stress, etc.), and one must look for other
symptoms and signs to confirm the presence of rhizoctonia
disease,

QOthar symptoms ‘and signs providing maore conclusive
evidance of Rhizoctonia disease include ecankers (lesions),
sclerotia, and mycelia. Each is important because it provides a
direct and unmistakable indication of the presence of R. salani.
Cankers (fig. 2} are areas of necrotic (dead) tissues and may
form on basal stems, roots, or stolons. They vary from reddish
brown to dark brown in color and may be superficial or deep,
Larger cankers may girdle stolons or basal stems, thus killing
translocating tissues and interrupting the flow of materials from
place to place within the plant. Canker formation and resulting
girdling of stolons and basal stems is thought to lead, indirectly,
to aerial tuber formation,

Sclerotia (fig. 3), sometimes calied “the dirt that won't
wash off,” are masses of fungal tissue which form on tuber sur-
faces at the end of the growing season. Sclerotia are reproduc-
tive propagules of A. sofani and can serve as an excellent inocu-
lum source for the developing plant if present on seed tubers.
Sclerotia do form on potatoes grown in Alaska, but not tp the
extent they do in more temperate regions where growing
seasons are longer. Studies have shown that sclerotia form In
greatest numbers after vines die, although some develap prior to
vine death. The short growing season here in Alaska does not
permit potato plants to senesce and die naturally, and wvine
killing (mechanical or chemical} is generally not practiced, also
due to the short growing season., The Matanuska Valley's 1983
growing season was relatively long and warm, favoring sclerotia
formation; as & rasult, above-average numbers of sclerotia were
abserved on the harvested crop,

The whitish-gray mat of mycelium (fig. 4) that forms an
the stems just above the soil line is @ manifestation of the sexual
{perfect) stage of A. sofani, The mat is powdery or dusty in
appearance, but is easily rubbed off and does no damage to the
stem tissues below. In southcentral Alaska, mycelia begin to ap-
pear in late summer when the cooler, welter conditions favor its
development, The presence of mycelia indicates R. solfani
activity below the soil line.

Disease Development and Inoculum Sources

The potato plant may be attacked by R. solan/ at any time
during the growing season. However, disease damage is likely ta
be greatest if the attack occurs during early phases of growth, as
developing tissues are more susceptible to fungal attsck than
mature tissues. The time of attack and extent of damage depend
upon environmental conditions as well a2 upon the source and
quantity of inoeulum. If inoculum density is high and environ-
mental factors {cool and wet) favor fungal development, plant
damage will be great, |17 inoculum density is low and the envi-
ronment relatively warm and dry, damage to the plants will be
small.

Studies have shown that A. solan/ will infect potato plants
at temperatures from 54-85 F (Richards, 1921). The optimum
temperature for potato emergence is 75 F, and temperatures in



the 50-55°F range ecan delay plant emergence by 10-15 days.
Delayed emergence gives A. solani an extended period of time
to invade and then damage or kill the sprout during the most
vulnerable stage of development,

In Alaska, cool soil temperaturgs are the rule. During
emergence and other early growth stages, soll temperatures may
be 20°F or mare below the 76°F optimum for emergence. The
detrimental effect low temperatures have on plant development
combined with the fact that A. sofani actually prefers the lower
temperature creates an obvious early-season advantage for the
fungus. In more temperate regions, where soll temperatures
warm rapidly as the season progresses, 8. solan/ damage is often
limited to the early-seasan phase of the disease (sprout killing
and sprout injury). In Alaska, however, it is unusual to find sus-
tained soil temperatures at 2- to 4-inch depths above 65 F at
any time during the growing season. This relatively low, maxi-
mum temperature permits A, sofani to function as an active
pathogen throughout the growing season, thus it is available to
attack roots and stolons that develop at any time during the
SBason.,

Rhizoctonia inoculum can be soll or seed borne. When solil
borne, the fungus survives as a saprophyle in association with
organic debris in the scil. The soil-borne (saprophytic) phase
may bgcome pathogenic when a host potato plant becomes
avaiiahle, When inoculum is seed borne, it is found on the
surface of the seed piece in the form of sclerotia (fig. 3) or
mycelia and is introduced into the field with the seed.

There has been some disagreement over the years as to the
relative importance of these two sources of inoculum. Soil-
borne inoculum is of cansiderable importance in cool, wet areas,
especially in fields where potatoes are cropped year after year.
Cool, moist conditions permit continuous growth and develop-
ment by the saprophytic phase of the fungus. It is possible that
R. solani AG-3 may be able to survive for years under these soll
conditions, even in the absence of a host potate plant, then be
available to attack a potato plant as soon as it is plantetl. Mono-
cropping further Increases the importance of soil-borne inoc-
ulum by contributing to the maintenance of a high inoculum
density. Soil-borne inoculum is of less importance in warmer,
dryer areas as A. solani AG-3 is not able to survive extended
periods of time in the absence of a potato crop under these soil
conditions (Weinhold et al., 1982).

Seed-borne inoculum is an effective inoculum source under
all environmental conditions. It is acknowledged to be the
inoculum source most capable of causing economically signifi-
cant damage to a potsto crop. When seed borne, the fungus is
guaranteed to be in close proximity to the plant during its most
vulnerable stages of growrh, Sprout pruning (fig. 2) frequently
results from the use of infected seed, and the extent of sprout
pruning will be greater if soil conditions are cool and wet. At
the very least, some sprouts will be injured and emergence will
be delayed. At worst, emergence may be pravented.

The Alaskan soil environment permits both sources of
inoculum to be important factors in dissase development. The
cool soils permit extended survival of the soil-borne (sapro-
phytic) phase, Also, the cool, moist, growing conditions that
generally prevail in the early part of the growing season make it
probable that seed-borne inoculum will damage or kill the
emerging sprouts.

Figuire 5. Sprout pruning is the most seriovs phase of this diseass. This
seed piece, dug from the ground @t harvest time, produced ten or more
sprowuts during the season, all of which were killed by R. solanl. This
plant did not emergs,

Current Research

A field study conducted in 1883 at the Matanuska Farm
near Palmer was designed to quantitate the destructive potential
of R. solani AG-3. In the same study, a chemical seed-piece
treatment (thiophanate methyl) and a chemical soil treatment
(PCNB) were evaluated as R. solani control agents. Potato plants
were exposed to either a low or high rate of R. safans AG-3
inoculum and compared with noninoculated plants. Inoculum
consisted of barley kernels colonized with fungus. Kernels were
placed 1 inch above the seed in the planting hole at planting
time. inoculation was considered necessary to ensure infection
of some plants so that meaningful comparisons could be made.
Three potato varieties were included in the study: Bakeking,
Kennebec, and Alaska 174, Data presented in Figures 6-8 are
for the varigty Kennebec anly, as all three varieties responded to
treatiments in a similar manner.

Inoculation had a devastating effect on plant emergence.
Fifty-seven per cent of the plants Inoculated &t the low rate
failed to emerge, compared with only 2.2 per cent of the
noninoculated plants (fig. ). Emergence failure in nearly all
cases was due to sprout pruning and killing by R. sofan/ AG-3
{fig. 5). Failure to emerge was also very high {33 per cent) at the
high inoculation rate, but less than at the low rate. There isno
obvious explanation for the greater emergence at the higher
inoculation rate, but the data are consistent with athar reports
(Baker and Martinson, 1969; Sanford, 1941} that describe a
lower incidence of disease when inoculum density is raised
above a critical point. In any case, it is clear that inoculation
with low or high rates of A. solani AG-3 resulted in large
reductions in stand.

Inoculated plants that did manage 10 emerge in spite of A.
solani were less vigorous than noninoculated plants. This is
illustrated by the comparative number of stams per plant (fig.

Agroborealis July/1984 27



75 = = Mo lLow
Ineculation Incoulation
a7.0

= 50 .= i
= o
= £
B .
s 5
£ 5 a
g 5
3. o
':; W
2 =
144 &
E 25~ o 1o -
-
4

v R |

Nong Low High o P T S0 o A

I noediation rats

Figure &, Emargence of po-
rito plants (var, Keanebec)
exposed o three rates af
RA. solani AG-3 inocuium.
Inoculum consisted of bar-
ley kernels colonired by
the fungus,

T = thiophanate methyl,

8. In Figure 7, we summarize the average number of stams per
emerged plants. Moninoculated treatments averaged more than
25 stems per plant, while inoculated treatments averaged
less than 1.6 stems per plant. Also, stems of inoculated plants
were generally small, chlorotic, and prone to wilting, This re-
flects the presence of cankers (fig. 2) on the below-ground por-
tion of the stems.

Of course the most important guestion is what effect did
R. solani have on yield? Yield data are summarized in Figure 7.
The average yield of inoculated plants {low or high rate} was
less than 15 per cent that of the noninoculated plants, regardiess
of chemical treatment.

Data indicate that the chemical controls (PCNB and thio-
phanate methyl) were not effective in neutralizing the yield-
reducing potential of A. solan/ in this study, and indeed they
were not. However, it must be pointed out that, in this study,
the deck was stacked against the plant. The seed pieces wera
planted wery deep (more than 6"), and the guantities of &.
solani inogulum introduced were probably agreater than one
would ordinarily find in tield soil (although not greater than can
be found on heavily infected seed). In this sense, the experi-
mental conditions did not accurately reflect a typical level of R.
solani stress which a potato plant would encounter in the field.
However, these data do illustrate the yieldreducing potential of
R. solani under conditions favoring the fungus.

Summary

Control of rhizoctonia disease is best acheived with the use
of uninfected seed, chemical treatment of seed or soll, and crop
rotation. Of these methods, the use of clean seed is perhaps the
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most important. Those planting on newly cleared lands are
advised to use care |n selecting seed. Seed and soil treatment and
crop rotation are also useful methods of managing rhizoctonia
disease, as each is effective In deareasing soil populations of the
fungus. In future studies, we hope to identify the maost-effective
sead and soil treatments, and establish practical crop-rotation
cycles far seed and tablestock production.o
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Frost Seeding of Rapeseed

By

Charles W. Knight” and Stephan D. Sparrow™*

Introduction

Rapeseed is a promising oilseed crop for Alaska. Previous
research has shown that the growing seasan in interior Alsska is
long enough for short-season cultivars of spring rapeseed to
reach maturity {Lewis and Knight, 1982; Wooding et al., 1978).
It is important, however, to get the crop up early in the season
to ensure that it has adequate time to mature before autumn

* Instructor of Agronomy, Agricultural Experiment Station, Fair-
banks.
** Assistant Professor of Agronomy, Agricultural Experiment Station,
Fairbanks.

Early-planted rapeseed produces mature pods early. In yegars with dry springs, howevar, midsummaer rains may sfimuiate secondary growth resulting in

uneven malturity,

frasts, Two Important factors in getting the crop off to an early
start are the preparation of a goed seedbed and the conservation
of adegquate moisture far seed germination. The seedbed should
be firm, with fertilizer and herbicide incorporated well into the
soil. Since the seed is very small, dapth of seeding should not
exceed 1 inch. In interior Alaska where spring rains are sparse
and crops usually rely on soll maisture for germination, It is
difficult to prepare an adequate seedbed in the spring and still
conserve enough moisture jn the surface soll to initiate ger-
mination, Consequently, seeds often lie in dry soil walting for
small, and often infrequent, rain showers to supply sufficient
maoisture for germination. Thes can result in uneven emer-
gence and delayed harvest,
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In major rapeseed-producing areas of Canada, the crop is
usually pianted on land which was fallowed the previous sum-
mer. In this situation, the fertilizer and herbicide are incorpor-
ated during the autumn prior to spring planting. This practice
allows spring planting with minimum soil disturbance and
maximum conservation of soil moisture.

Since rapeseed is notorious for producing large guantities of
volunteer plants in the year following crop production, it is
apparent that many seeds remain viable after shattering onto the
soil in the autumn and lying there all winter, Considering recent
advances in the design of no-till grain drills which permit plant-
ing In very hard, untilled solls, and the fact that rapeseed must
not be planited more than 1 inch deep, the question arises, “‘Can
a successful crop of rapeseed be produced by planting with a
ne-till drill in late autumn or early spring while the ground is
frozen?” Brassica campestris, the species of rapeseed best
adapted to interior Alaska, germinates well in cold soil and has
good resistance to spring frost, |f this crop couid be planted
successtully during late autumn or early spring, the following
benefits could result

a) fertilizer could be applied in the fall and incorporated

without concern about losing moisture or creating a loose

seadbed;

b} depth of seeding could easily be kept to less than 1 inch

in frozen soil;

¢} maximum use of the short growing season would occur

as the seed would be in the soil, ready to germinate, when

permitted by sutficient warming;

d} no cultivetion would be required in the spring, allowing

maximum conservation of the soil moisture accumulated

fram snowmelt;

) planting while the ground is frozen would allow a farmer

to spread out his work load and relieve him of the pressure

of having to seed all his ground in the short spring planting
pariod,

We have been unable to find any reports of studies in which
"frost seeding” or “dormancy seeding” has been tried with

rapeseed. However, several scientists have reported successful
results from seeding spring cereal grains and other crops in
frozen soils in the northern United States and Canada {Grafius
and Wolfe, 1960; Kephart, 1980; Krall, 1977; Stoskopf et al.,
1968; Stoskopf et al, 1967).

Methods

This study was initiated near Delta Junction, Alaska, in the
autumn of 1982 to evsluate the practice of seeding spring
rapeseed into frozen solls. A site was selected on fallowed
ground and no herbicide was required. A seedbed was prepared
in mid-September by first broadeasting a fertilizer blend consis-
ting of nitrogen [N}, phosphorus (P}, potassium (K), sulfur (8},
and boron(B), equivalent to B9 Ib/A N, 50 Ib/A P,Q:, 50 Ib/A
K;0, 24 |b/A S, and 2 ib/A B and then incorporating it into the
soll with two tandem disking operations. A cultipscker was then
drawn over the area to smooth and firm the seedbed. A Hay-
buster MicroSeeder was used to plant two cultivars of rapeseed,
‘Candle” and Tobin’, at weekly Intervals starting 28 September
and continuing through 12 Dotober, after which the snow was
to0 deep to operate the sseder effectively. Weekly plantings
were resumed on 5 April 1983, when most of the snow had
melted from the field, and continued through 10 May {a norma!
date for spring seeding). A seeding rate of 6 lbs/A was used.

Once the rapeseed began to emerge, notes were taken at 2-
week interyvals to compare rates of emergence and plant stands.
On 14 June, six population counts were made at random with-
in each plot. From midsummer through harvest, crop-maturity
notes were taken at 2-week intervals. The plots were harvested
on 6 October 1983. Only two replications were harvested.
Harvesting operations were halted because of heavy snowfall.

Results

At the time of the 28 September planting, the soil tempera-
ture at the 1-inch depth was about 40° F. The soil was frozen for

Population counts were taken for all treatmsnts soon after emergence.
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Table. Plant populations and seed yigld for two cultivars of rapeseed planted on various dates.

‘Candle’ Tobin’
plant seed plant sead
Planting population per cent yield per cent population per cent yield per cent
date {plants/m?) population®  (bu/acre) yield** {plantsim®) population” {bu/acra) yield**
28 Sep 82 18 9.6 8.3 46.4 12 39 8.9 685
5 Dct 82 35 182 14.6 B1.4 38 12.2 14.4 110.6
12 Oct 82 22 1.6 8.2 45.8 22 7.2 | e 86.8
5 Apr 83 72 372 11.9 66.2 165 §3.1 14.7 1128
12 Apr 83 109 56.4 12.4 69.1 267 86.0 12.9 898.2
18 Apr 83 90 46.3 131 12.9 213 68.8 10.3 780
26 Apr 83 106 54.9 7.2 96.0 238 77.0 13.9 106.5
2 May 83 132 68.3 228 127.2 278 89.6 169 1285
10 May 83 183 100.0 17.9 100.0 310 100.0 13.1 100.0
Overall Average 14.0 12.9

*Sead yield axpressed as per cont of seed yield for the 10 May planting date,

**Plant population expressed as per cent of population for the 10 May planting date. Plant populations caunted 14 June,

the other autumn plantings and for the first two spring plant-
ings. The soil was very wet in the low spots on the 18 April
planting, and, though it had dried considerably, it was still moist
at the .5- to 1-inch depth for the 28 April and 10 May plantings.
The scil began warming rapidly after mid-April, and by 10 May
the soil temperature at the 1-inch depth was 65.70°F.

Rainfall was below normal for the menths of May, June,
and early July. During early July, rapeseed plants showed signs
of severe water stress. By 18 July, seasonal precipitation was
approximately 2.5 inches below average., Two inches of rainfali
during the week of 18 July, followed by near-normal precipita-
tign through the end of the growing season, resulted in & total
growing-season precipitation of approximately 1 inch below
average,

Plants from the three autumn plantings and the first thres
spring plantings all began to emerge at about the same time
during the |ast week of April. Plants in all plots had emerged by
the third week of May. At this time, stands for the autumn
seedings and first spring seeding were noticeably poorer than for
the later plantings. Stands for Tobin were genersily better
than tor Candle. The simergence in the autumn-seeded plots was
much more uneven than in the spring-seeded plots, with plants
emerging over a period of & weeks. Results of the stand cbser-
vations were substantiated by plant-population counts made on
14 June {see table). Plant populations, which varied fram about
12 to 300 plants/m?, were lowest for the autumn plantings and
increased as the planting date progressed from early April until
10 May.

Fuali-sseded rapeseed [laft) resuited in » very low plant population compared to that planted in the spring (right) in the still-frozen soil.
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The goal of research on rapeseed is to develop production practices that will provide optimum yields for growers.
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Plants began flowering by the middle of June with the early
plantings (autumn and first four spring plantings) flowering
before the later plantings. The autumn plantings were highly
variable, however, with some of the planis flowering much
earlier than other plants in the same plot. By late July, lower
pods on the early-planted rapeseed had begun to turn brown,
and many plants had quit flowering. The uneven maturity for
the autumn-seeded plots was still evidant.

With the onset of the rains in late July, all plants exhibited
new growth and began flowering again. After mid-August, there
was so much new growth that there was no visible difference in
maturity between planting dates. Latz flowering on the new
growth resulted in pods which did not mature fully before being
killed by freezing in late Septernber. Thus, the rapeseed was not
ready for harvest until early October, much later than would be
expected for rapeseed in a year with normal rainfall patterns.

Yields were low; with an overall aversge of 135.5 bu/A (see
table). There was very little correlation between planting date
and yield or plant population and yield, although for both rape-
sead varieties, vields were considerably higher for the 3 May
planting date than for any other planting date.

#

Falt ‘;fan ting in frozen ground can be accomplished with & no-till grain drill such as this Haybuster Microseeder,

Discussion

Since this study has only besn conducted for 1 year and the
rainfall pattern during the growing season for that year was un-
favorable, and since yield data are based on only two replica-
tions, the results must be considered preliminary. However, a
few interesting observations are worth noting. The fact that
plant population had very little influence an yield indicates
that, within limits, rapeseed has a tremendous potential to
compensate for thin stands. Similar results have been found in
other studies (Adolphe, 1874; Lewis and Knight, 1982).

Rapeseed planted on 5 April resulted In considerably higher
plant populations than that planted on 12 Qctober. Since the
soil was frozen on both planting dates and was continuously
frozen betwean the planting dates, the explanation for the
difference in plant populations is elusive. The most plausible
explanation is that this difference iz due to wind erosion of the
seedbed during early winter months. Since all seedbed prepara-
tion was conducted in the autumn, the soll was finely worked
and packed, destroying most surface clods and burying most
crop residues prior to winter. The rapeseed was planted in the
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top .5 inch of frozen soil, and considerable dasiccation occurred
in this tap layer of soil. The fine, dry surface was extramely
susceptible to wind erosion during early winter before the field
was covered with snow and anytime during the winter when
snow may have been blown off the field. Some erosion of this
type was noted in this study. Wind erosion may have blown the
seads completely away in some areas and may have buried them
too deeply for emergence in othar areas.

Another factor which may have affected plant populations
was the absence of & sesd treatment for protection against
fungal infections. Rapeseed of high germination has been shown
to benefit little or not at all from seed treatment against seed
and seedling rots or blights (Saskatchewan Agriculture, 1879).
Under these abnormal planting conditions, however, germina-
tion and early growth may be retarded by low soil temperatures
and a fungicide may prove beneficial. The absence of fungicides,
however, would not explain population differences between
autumn and spring plantings, because fungi are not likely to
attack the seed while the ground is frozen. We have not ruled
out the possibility that fungal Infections may have reduced
populations of early-germinating seedlings by causing damping
off during the early spring when the soll was moist from melting
snow,

Spring freezing is a concern in miany areas where early
spring seeding has been attempted. Interior Alaska is somewhat
unigue in fts spring freezing patterns due to the daylength at

that time of year. The area experiences essentially one freezeup
period in the autumn and one breakup period in the spring with
little intermittent freezing and thawing in between. By the time
the soil is warm enough in the spring for seeds to germinate {late
April), the daylenath is about 18 hours and increasing rapidly.
Consequently, the diurnal temperature flugtuations are not as
great as might be experienced in the spring in more temperate
regions, Some seeds from early plantings may have germinated
early and died before emergence due to freezing of the soil.
However, there was no visual evidence of frost damage on any
of the emerged seedlings.

Summary

The first year of this study, though far from conclusive, has
produced many favorable results indicating that dormancy
seeding of rapeseed in intarior Alaska may be practical. Manage-
ment techniques need to be refined which would provide more
protection of the seedbed from wind erosion and protection of
the seed from possible fungal infections. Alse, the practice of
frost-seeding of rapessed needs to be evaluated over several
years to determine whether this practice can be recommended
for Interior Alaska.

This study is being continued and can be observed at the
UAF Agricultural Experiment Station’s field near Delta Junc-
tion, Alaska. o
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Conservation-Tillage and Residue-Management Systems
For Interior Alaska

F.H. Siddoway ", C.E. Lewis™™, and R.F. Cullum" "~

Introduction

The protection of soil from loss by wind erosion is becom-
ing @ major concern in interior Alaska as large, contiguous areas
are cleared for the production of small grains. There are a
number of methods by which losses of soil from wind erosion
can be reduced. These include the use of windbreaks, grass
strips, strip cropping, and contour cropping. One of the muost
effective methods, however, is conservation tillage which
considers management of the soil resource itself. Conservation
tillage includes the use of reduced tillage systems that create as
good an environment as possible for the crop and optimize
canservation of soll and water resources, consistent with sounid
sconpmic practices. Conservation tillage is synonymous with
maximum or optimum retention of residues on the soil surface
and the ut:lization of herbicides to control weeds where tillage
is not or cannot be performed (Wittmuss et al., 1973},

The Agricultural Exoeriment Station began conservaticn-
tillage research in the Delta Junction area of interior Alaska in
1880." The main thrust of the Experiment Station's research
was to evaluate no tillage, minimum 1illage and maximum tillage
within the crop-rotation system of rapeseed-barley-fallow as
well as in continuously cropped barley. The study was com-
plated in 1982 {Lewis, 1983,

Among other results, the study indicated that interiar
Alaska’s annual precipitation® of 10 to 12 inches is usually
adequate to grow a short-season crop such as barley every year
on the same land, Evaporation rates are low relative to areas in
the conterminous 48 states with similar precipitation regimes.
Average yields for continuously cropped barley in the 3-year
study were 1,07 T/acre, 1.06 T/acre, and .89 T/acre for plots
which had undergone maximum tillage, minimum tillage, and
n tillage, respectively.

" Dulea Junction is the focation of the Delta Agricultural Project, an arou
of 81,000 acres used primarily for the production of barley.

2 I'his inctudes ail moisture from snow and rainfall which falls during the
growing season, some of which Is stored over winter {17-year average.
May through August, of 7.8 in.).

* Wisiting Professor, Agronomy, Agricultural Experiment Station
(decnasad),

“* Associate Professor, Resource Management, Agricultural Experi-
maent Station.
**®* Assistant Professor, Agricultural Engineering, Adrlcultural Experi-
mant Station.

It was determined that further research concerning conser-
vation-tillage and residus-management systems specific to the
annual production of barley would be beneficial, Therefore, a
new study was initiated in 1982 to address the following ele-
ments of large-scale agriculture In interior Alaska.

Short Growing Season

Barley production under the environmental conditions of
Alaska’s interior requires proper management of soil and crop
residues. Management systems must fnvolve land preparation
techniques which reqguire as little time as possible in order to
ensure early seeding (early to mid-May) in a moist, firm seed-
bed. This will increase the probability of early, uniform germi-
nation resulting in early, uniform maturity of the crop.

Marginal Water Supply

Enough surfacesoil water must be present to ensure good
seed germination and sustenance of early plant growth through
the May-June period which is, on the average, quite dry.® Ex-
cessive tillage accelerates drying of the surface soil, and germina-
tion Is often delayed until moisture is replenished. Residues re-
maining on the surface decrease evaporation rates of soil water
and may, therefore, be a factor in anhanced germination.

Serious Wind-Erosion Potential

The silt-loam scils of interior Alaska are highly susceptible
to wind erosion because of the tendency of clods to break down
to their single-grain structure, thus increasing the arosion hazard
on open fields which are exposed to strong seasonal winds. |n
the absence of well-designed shelter belts, plant residues must be
relied upon to control wind erosion. Approximately 2000
ibfacre of straw lving on the surface and 1000 Ib/acre of stand-
ing stubble, or some combination theresf, is needed to control
wind erosion on these highly erodible soils. These quantities are
easily attained under annual cropping. In fact, residues may be
excessive and could be harvested for feed and bedding, tilled
into the soil, or used to provide heat for grain drying.

3Average for the May-June period over 17 vears hos heen 3.5 inches.
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Infertile Soils

Most of the necessary plant nutrients on land which has
been newly cleared must be supplied by commercial fertilizers
at @ considerable cost 1o attain crop-production goals. The plant
nutrients in the grain are removed from the soil with the har-
vest, but the nutrients in the residue will aventually be recycled
through s subsequent crop. For example, the straw from a
60 bulacre barley crop contains the following plant nutrients:
nitrogen equal 1o 30 Ibs/acre N, phosphorus equal to 8 Ibs/acre
P20s, potassium equal to 65 Ibs/acre K10, and sulfur equal to
7 lbsfacre S (McLelland, 1982). When left on the field, these
nutrients will, in time, reduce the quantity of commercial
fertilizers required to achieve production goals. The straw
resicddues also supply organic matter, in short supply in many
mineral soils in Alaska, which will increase the water-holding
capacity of the soil and help stabilize it against erosive forces.

Weeds and Diseases

Introduced weed species (Conn and Delapp, 1983) and
diseases may become serious with time under monoculture
although newly cleared land is generally free of weeds and
soll-barne diseases that affect barley. The presence of surface
straw creates an environment favorable for disease incidence in
bariey in that it provides a host site for plant pathogens and
insect vectors that transmit these pathogens. In addition,
resicddues on the surface may provide entrapment for wind-berne
weed seeds, increasing weed populations. Leachates and/or
decomposed products from these residues may have a negative
impsact on these populations, however,

Cool Soils

One of the limiting factars in crop production in interior
Alasks is cool soils. Cool soils extend the time from seeding to
seerling emergence and possibly restrict depth of root develop-
ment and availability of beth water and nutrients. Standing
stubble holds snow in place over winter that would otherwise be
blown off open fields, thus providing an insulating cover which
decreases soil heat loss over winter. Further evidence demon-
strates that soil with standing stubble, in the absence of loose
straw on the ground surface, warms faster in the spring than
does soil which has an equal amount of snow cover but which is
devoid of vegetative cover {Aase and Siddoway, 1980). The
additional insulation provided by loose straw on the seil surface
in spring, whether there is stubble or not, could delay thawing,
szecbed preparation, seeding, and, possibly, germination.

Study Design

The current tillage and residue-management research in-
cludes three types of residue-managemant systems, four types of
tillage, and three types of grain planters compatible with these
systems. Treatments are randomized in a split-$plit plot design
(fig. 1), There are Tour replications.

36  July/1984 Agroborealis

e e e e e ———— e e —

e e e e e e e e e . . . S e o e e . . |

P

P
o
Disk Twice

H

D

TSNP —— S R RS

W
(o))
P
No-Till

H

Straw
Remaining

Straw
Removed

Residue
Removed

Figure 1. Diagram of treatments in one of four replications of a solit-
split plat conservation-tillage design for continuous barley production.
The planters are designated by hoe drill (H), disker seeder (D), and
double-disk, press-wheel drill (P,

The three residue-management treatments cover the follow-
ing range of possible quantities and distribution of stubble and
straw.

1. Residue removed. The stubble remaining after harvest is

cut as close to the ground as possible, and the residue is

raked, baled, and removed from the plots.

2. Straw removed. Barley is harvested with a combine

equipped with a chopper and spreader., The remaining

stubble is 6 to 8 inches high. After harvest, the lpose straw
is raked, baled, and removed from the plots,

3. Straw remaiping. Barley Is harvested with a combine

equipped with a chopper and spreader. The remaining

stubble is 6 to 8 inches high. The loose straw remains on
the plots.

The four tillage treatments are classified by the degree of
soil disturbance.

1. Maximum tillage. The plots are disked once in the fall.

In the spring, they are disked again and packed prior to

seeding.

2. Minimum titlage 1. The plots are disked in the spring

and packed prior to seeding (fig. 2).

3. Minimum tillage {I. The plots are chiseled in the fail

uging sweeps. In the spring, prior to seeding, they are

packed (fig. 3}.

4. No tillage. The seedbed is not disturbed before seeding.

Both minimum-tillage-l and no-tiflage treatments leave the
residue treatments undisturbed through the winter, Thus, the
snow-retention capability of stubble versus no stubble can be



Figurs 2. A tandem disk is used in the spring to perform minimum tillage Figure 3, A packer used prior [0 sending on plots which are tilled helps
fust prior to seeding. firm the seedbed,

Figure 4. The double-disk, press-wheel d:ill disturbs the soil only enough Figure 5, When the hoe drill is used, considerable soll disturbence occurs.
to place seed and fertilizer in a slot formed by the disks. Press wheels on the drill, however, ensure goad contact between seed and
soil.

evziuated. Maximum tillage alters ail residue treatments to the
extent of precluding snow retention. Minimum tillage 11, how-
ever, may leave enough residus to ho'd snow.

The three types of planters disturb the soil to varying
degrees, thus further modifying the residue and tillage treat-
ments. The effect of two of the planters is evaluated on all
tillage treatments.

1. Double-disk, press-wheel drill {fig. 4). This driil disturbs

the soil very little. The doubie disks, placed / inches apart,

merely open a slot in the soil inte which seed and fertilizer
drop.

2. Hoe, press-wheel drill (fig. 8). This drill causes consid-

erable soil disturbance. A ridge-furrow effect is created by

hoe openers placed 8 inches apart. The dry, surface soil is
displaced, and seed and fertilizer are placed in the moist soil
beneath.

The third planter is evaluated only on the minimum-tillage-
Il anel no-tiilage treatments.

Figure 6. The disker seeder does not place the seed i straight rows. The
s ; y ] ; visual effect is simifar to that achieved whan broadcast seeding. A packer
3. Disker seeder (fig. 6). This planter also disturbs the sall can be pulled bahind the disker or used a5 a separate implement to ensure
cansiderably. Soil is displaced in one direction. Seed and a firm seedbed.
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fertilizer are dropped through tubes next to each disk on a
gang of disks. The disks are placed 7 inches apart. Packing s
accomplished with a separate implement.

The no-tillage system is considzred the best soil-manage-
ment practice for erosion control purposes. lts success in
terms of crop production, however, depends to a large extent
on how well the planters perform in surface residue.

Barley variety, fertilizer rates, and pesticides are not consid-
gract variables in the tillage and residue-management study, In
any given year, the same barley variety and fertilizer rates are
used in oll plets, Fertilizer rates are those recommended by the
Agricultural Experiment Station and are altered only if soil tests
and crop response indicate a need for change. Control of weeds
and diseases varias by tillage and residue treatment. Weeds and
diseases will be present under all resicdue and tillage treatments
but are expected to be more severe under no tillage. Chemical
control is more intensive as the amount of tillage decreases.

In addition to the most important experimental measure-
ment, yield, other interpretive measurements are included to
help explain why yields vary by treatment and from year to
year. Dnly when the process of obtaining specific yields in a
given year can be understood can decisions for further improve-
ment be made.

The guantity of residue wiil probably affect the incidence
and saverity of diseases, The monitoring of incidences of plant
diseases by treatment permits one to estimate the effects on
vield and provides information about residue-disease associa-
tions, Likewise, monitoring of weed populations, including
number and species, determines the effectiveness of tillage and
herbicides for weed contral,

In interior Alaska, where the drowing sesson is short,
interception and utilization of the fimited solar radistion is
critical, Environmental measurements made during the growing
seasan determine solar radiation received and reflected, air and
soil temperatures, humidity, and wind speed. These data will be
used to relate crop and soil response from the tillage and residue
treatments to rate of soil thawing and warm-up, germination,
rate of crop growth and ripening, and depth of rooting. Over a
period of years, these measurements will also serve as a valuable
data base with which to predict the suitability of other areas for
agricultural development,

Soil-chemical properties such as acidity, plant-available
nutrients, and organic matter are measured to correlate with
crop response and to determine the effect of treatments on soil
constituents over time. If Alaskan experience parallels that of
other grain-producing areas we can assume that fertility manage-
ment will be quite different on soils which have been cropped
for 10 years than on newly cleared land,

The role of soil water for crop production has been as-
sumed somewhat unimportant in Alaska due to our relatively
law evaporation rates, shallow rooting depths, and frequent
summaer rains, However, there are extended periods of dry
weather in which soil water must be relied upon for crop
growth. To obtain a better understanding of the interactions of
sail water and plant growth, a system of soil-access tubes has
been installed on one replication of the study. With this system,
soil water can be monitored and determined throughout the
year at 1-foot intervals to a depth of 3 feet by the neutron-
scattering method. These measurements will provide an under-
standing of the dynamics of soil water and its significance for
plant arowth.
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Establishment of the New Study

The tillage and residue-management study is located within
the Delta Agricultural Project at Mile 1408 on the Alaska
Highway. The site, selected in early 1982, is on soils consisting
of Volkmar and Beales silt loam which had not been previously
cropped, The topography is slightly rolling. It is typical of land
used for barley production In the Delta Project,

The intent in 1982 was to clear the land af moss and roots
and provide stubble and crop residues for establishment of the
tillage and residue treatments for the 1883 season, A harvestable
graih crop was considered secondary,

In mid-June, ‘Lidal’ barley treated with Vitavax® was
seeded, Prior to seeding, the area was broadcast fertilized with
117 lb/acre 46-0-0 (urea), 100 ib/acre 21-0-0-24 (ammonium
sulfate), and 100 Ib/acre 0-0-60 (potassium chloride). A starter
fertilizer, 11-61-0 (monoammonijum phosphate} was banded
with the seed at a rate of 100 Ib/acre,

The barley did not mature sufficiently to harvest. The crop
was swathed in mid-September.

Baseline soil samples were taken |n October 1982, The
rasults are shown in Table 1,

Table 1. Baseline Soil Sample Results

Total Total
Available Extractable Exchangeable Organic
N P K Matter
Depth pH (ppm] {ppm) (ppm) (%)
0-2 inches 5.83 264 29.0 1386 10.72
244 inches 560 13.0 1.7 72 9.1
4.6inches 580 9.7 10.7 49 395
6-36 inches 6.32 B8 5.7 33 32
Second-Year Methods

In mid-April 1983, straw was baled and removed on both
the straw-removed and straw-remaining plots, Straw and stubble
hacl become extremely matted over the winter due, in part, to
trampling by bison. Delayed thawing occurred on all plots, but
was most evident on those on which residue was to be removed.
The residue on these plots was burned to remove as much as
possible. As a rasult, only two residue treatments in 1983 could
be established.’

All plots were fertilized In late April with the same blend
and at the same rate as in 1982, All spring disking and packing
operations were completed as per the study design. The chisel
operation which will, in the future, be conducted in the fall left
an unacceptable seedbed when conducted In the spring. This
tillage method was abandoned and, for the 1983 season, was
replaced with no tillage.

The tillage design includes the use of a disker seeder. The
seeder, however, arrived after the 1283 planting season and will
be used Initially in 1984,

"Vium, trade name for a mixture of lindane, thiram, and carbathiin,
meanutactured by Uniroyal.

Residue measurements prior to tillage indicated 2000 lb/acre remained
on those plots with straw removed and 1150 lb/acre remained on those
which had been burnad,



T-bl; 2. Yields and Test Weights on Plots Planted with the Hoe
Dril

Table 3. Yields and Test Weights on Plots Planted with the
Doubie-Disk Drill®

Yield ¥ Test Weight Yiald Test  Weight
Treatment (Tons/A) (BU/A) [LB/BU) Treatment (Tons/A)  [BU/A)® {LB/BU
Residue removed 1.22 51 42.1 Maximum Tillage:
Straw removed® 1.17 49 43.7 Residue Removed 1.07 45 403
5 ; Straw Removed 1.13 47 40.9
bMaximum tillage was performed an all hoe-drill plots, pios 1
Calculated using 48 [b/ou as standard, _ Mgt‘;:l}:‘l’:; E;I;Q:v;& 119 49 44.0
Straw was removed from both straweremoved and straw remaining plots. Strav Removadc 1:19 50 44:3
) L No Tiflage:
Seading dates for the plots where the double-disk drill and Residug Flamﬂv%d 1.06 49 44.0
the hoe drill were used ware May 4 and May 6, respectively, Straw Removed 1.10 46 42,7

There was excessive plugging of the tubes on the hoe drill
caused by moss in the seedbed. To enable effective use of the
hoe drill, all plots to which this drill was assigned were chiseled
once with 3-inch twisted points and disked three times prior to
seeding. Thus, the hoe-drill plots recsived only & maximum
tillage treatment.

The barley variety ‘Lidal’ was treated with Granox® and
seaded at a rate of 100 Ib/acre viable seed, Both drills were set
for seeding at a depth of approximately 2 inches. The best
depth control was obtained with the douhble-disk drill. Depth
control was poor an the hoe drill due to excessive tillage result-
ing in some seeding at depths below 2 Inches.

Broad|eaf weeds were controlied using Buetril? applied at a
rate of 20 vzfacre before the crop reached the boot stage.
Lambsquarter was the primary annual weed present. Areas
existed where populations of perennial native grasses were high.
These were treated with Roundup® in the fall at a rate of 1.0
qt/acre, The achieved cantrol did not affect the 1983 crop.

Installation of Instrumentation for environmental measure-
ments was completed by the end of June. Both the data logger
used for environmental measurements and the neutron-
scattering system used to measure soil moisture were regarded as
being in the “field-check” stage of operation during the 1983
Season.

Plots were harvested on September 15, Yield samples were
taken from each plot using a plot combine with a header 4 fest
wide to harvest a 75-foot strip. The remainder of the crop was
direct combined using a combine equipped with a straw choppaer
and spreader. The three residue treatments were established
gfter harvest, according to the study dasian,

Fall disking and chiseling were dons on September 23, Use
of 3-inch twisted points on the chisel caused a rough seedbed.
These plots were smoothed by disking twice. Tillage depth on
all plots was approximately 4 inches,

Discussion
The tillage and residue-management research in 1983 was

the first year of a 5.year study involving continuous barley. The
first-year results are not conclusive, However, yiglds and test

sﬁraaox tratle name for a mixture containing 30% maneh, 30% captan,
m sodium molybdate, manufactured by ICH America.

Euctril trade name for bromoxynil, manufacturad by Rhone-Poulene,
Inc,
aR--.:u.mr.'ﬁ‘n.a,r.\,, tracde mame for glyphosate, manufactured by Monsanto.

Avarage Over All Tillage Treatments

Residug Removed 11 45 425

Straw Ramoved® 1. 14 48 426
Avyerage Over All Residue Treatments:

Maximum Tillage 1.10 46 40.6

Minimum Tillage | 1.18 49 442

No Tillage 1.08 45 429

;me minimum-tiliage-1] treatment was not included in 1983,

Calculated using 48 |b/bu standard,

Straw was removed from both straw removed end straw ramadining
plats,

weights are of interest as arg various observations of crop and
equipment performance on new lands.

The yields and test weights for those plots seeded with tha
hoe drill are shown in Table 2, and those for plots seeded with
the double disk drill in Table 3, All test weights were low. Grain
from tillers which began emerging in mid-duly did not mature
by harvest., As a result, a portion of the grain harvested was light
in weight. Low test weights are a manifestation of this late
maturity. The highest yields were attained on those plots an
which the hoe drill was used. It is possible that the extrems
tillage needed to enable use of this drill contributed to early
warming of the soil and thus to higher germination in the early
spring. Overall, yields differed little. It is encouraging that all
exceeded 1.0 T/acre,

Soil-maisture measurements taken during July through
mid-September indicated that moisture level in the top 1 foot of
soil remained relatively constant at approximately 32 per cent
by weight. Below the top 1 foot, moisture was highly variable.
This was almost exclusively due to textural variation which
varies from silt loam to thin sandy loam.

Frost depth in late April prior w seeding averaged 2.5
inches. By mid-May, temparatures at the 2.6 inch depth had
reached 42° ta 55°F, the highest being on the maximum-tillage
plots with residue removed. Throughout the growing season, soil
temperatures in the D- to 12-inch zone did not rise above 60°F
and ranged from 55° to BO°F for all treatments. By harvest,
temperatures in this zone had dropped to an average of 40°F.

Although not a part of a study design, field experience in
1983 with use of conservation tillage and residue-management
techniques on new lands proved valuable. Observations indicate
that:

1} Early seeding by itself doe: not guarantee uniform

germination and early maturity. Loose surface sail and a

rough surface make it impossible to place seed at a proper,

uniform depth. The consequence is variable seedling emar-
gence and a mixture of ripe and green barley at harvest
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time. The barley crop had three stages of maturity in 1983.
A portion of the barley germinated during May when
moisture was adequate, Another portion germinated in
early July following a droughty June. Tillers began emerg-
ing in mid-July. Whether accomplished by packing, shallow
initial tillage, or press wheel drills, the seedbed should be
firm in order to facilitate drilling at constant depth and to
ensure that moist soil is firmly in contact with the seed,

2) Before attempting no tillage as a method of production
on new land, native perennial vegetation should be eradi-
cated by tillage and/or herbicides. Perennial grasses in the
no-tillage plots reduced yield, and application of Roundup
in late August had little effect.

3) A properly fertilized, dense stand of barley will reduce
the number of secondary tillers, [n 1983, secondary tillers
were induced by the heavy July rain.

4} Excessive tillage of the maximum-tillage plots dried the
soll in the tilled layer to the extent that growth was re-
tarded during the dry, early part of the growing season.
Even with the advent of July rains, the plants never fully
recaverad.

5) Presence of moss in the soil precluded use of sweeps on
the chisel, When twisted points were used, the seedbed was
exceedingly rough. It is likely that, until moss is broken up
sufficiently, the chisel with twisted points will have to be
used in combination with a tandem disk.

6) Cool soll temperatures throughout the growing season
are likely to be a rule rather than an exception. The conser-
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vation-tillage and residue-management system which

leaves enough stubble to trap snow in the winter and which

removes as much straw as possible is expected to contribute
to early soil warming in the spring,

Many of the methods involved in current tillage and resi-
due-management research are timerelsted phenomena. In
subsequent years, results will become more definitive both in
terms of crop productivity and soil-conservation practices. The
research will grow in value with time and lead to sound crap
production and soil-management systems. o
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Figure 1. Reindeer herd on the open range before slaughter.

Factors Affecting the Palatability
Of Reindeer Meat

By

John Braoks 111* and William B. Collins™*

Introduction

Meat is the primary product of Alaska’s reindeer industry,
and herders are interested in expanding the marketing of their
meat beyond the local outlets to specialty markets elsewhere.
Unfortunately, little is known about those factors which affect
the palatability and nutritional valug of reindeer meat. In addi-
tion to the herders’ need to know more about these factors,
local retallers are interested in learning what animal characteris-
tics and management practices are responsible for the wide
variation they ses in the meat they buy from producers. For
both of these reasons, certain criteria relating to live characteris-
tizs and/or management histories and post-kill handling must be

* Hessarch Assistant, Range Science, Agricultural Experiment Station,
Kotzebue,
** Assistant Professor, Range Management, Agricultural Experiment
Station, Fairbanks.

established which will aid in the preduction of meat with pre-
dictable palatability and marketability. Obviously, it Is in the
best interests of the industry as & whaole to produce a high-
quality product which is both nutritious and appealing to the
consumer in terms of appearance and palatability,

The overall ohjective of the project discussed here was to
examine the effects of live-animal characteristics, condition,
sex, and age, on palatability (carcass organcleptic quality),
This preliminary information will provide a basis for further
studies which should address the effects of animal characteris-
tics and management, slaughter, and processing practices on the
production, quality, and marketahility of reindear meat.

In this study, we hypothesized that raindeer sex, age, and
condition are related to meat palatability. These factors are
currently the basis for USDA livestock-quality grading systems
(USDA 1982), with sex (intact male, castrate, or famale) and
age being the first and second hierarchical levels, respectively, in
that system. There is a further breakdown as 1o animal con-
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dition within each age class, Based on these three criteria, car-
casses ara given & quality grade which reflects the palatability
that can be expected from that carcass. Qur ohjective was to
detarmine the relationships of sex, age, and condition te pala-
tability of loin chop steaks,

A second objective was to determine the effact of meat
color on palatability. We were particularly interested in the
developmeant of very dark meat (dark-cutters) in reindeer, a
phanomenon which is thought to occur as the result of pre-
slaughter stress. Chemical changes in the carcass, of which dark-
cutter characteristics might be indicative, were also investigated.

Methods

Reindeer meat samples were obtained from cercasses during
the 1982 MANA fall slaughter near Kotzebue, Alaska, Part of
the herd was in the slaughter area approximatly 3 weeks before
slaughter, Immediatly prior to slaughter, an additional group
was driven 60 miles under adverse weather conditions to the
slaughter area, After resting @ minimum of 48 hours, animals
were killed with a small-caliber rifle shot to the brain while on
snow-covered ground, They were then dragged by snowmachine
to a butchering area approximately .5 miles away wherg they
were field dressed, skinned, and hung to freeze at temparatures
ranging between 0 and - 10°F.

Sixteen castrate males and eighteen cows were selected im-
mediately after kill and tagged for identification. An attempt
was made to obtain animals representative of a wide range of
condition and age for each sex class. Aage was determined by
cross-section analysis of lower incisors {Matson and Matson,
1982), Animals condition was estimated by measurement of
the backfat thickness at four points on the rump and four
points above the lain, These values were averaged to provide a
mean estimate of animal condition based on fat reserves expres-
sed as inches of backfat. Sample cuts were abtained in the field
by splitting the carcass in half and cutting out a portion of the
loin, Loin cuts were fater trimmed into .75-inch chop steaks
with a meat saw and stored at —10°C,

Praspective panelists were prescreened by interview, and
twelve qualifying individuals were then selected on the basis of
their discriminating ability demonstrated in triangle tests
(Cross et al., 1978). Panelists were also given a training session
prior to evaluation of tha samples. Sensory attributes were
described as follows (Amerine et al,, 1965):

1. duiciness — impression of wetness produced by release of

meat fluid

2. Flavor — intensity

3. Tenderness — energy required to masticate a meat sam-

ple into s state ready for swallowing

4. Overall acceptability — desirability.

All panalists were residents of Kotzebue, Alaska, and had pre-
viously eaten reindeer or caribou. They ranged in age from 28 to
88 and exhibited no health problems that would interfere with
sensory evaluation,

The loin steaks were thawed in a cooler which was at 40-
45°F for 18-24 hours or untll the internal temperature of the
steaks reached 40-45°F. Individual loin steaks were identically
illuminated and photographed to record differences in the color
of the thawed meat. Steaks were given color scores of 1 for light
(light red color), 2 for medium (medium dark red), and 3 for
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dark (very dark red or purplish black}. The pH of each steak was
determined with a standardized electronic pH meter. Mercury
thermometers were used to measurs temperatures. At each
sesgsion, steaks were brolled on & commercial gas broller to an
internal temperature of 176°F. Each steak was turned once
when the internal temperature reached 122°F. Preliminary
studies were conducted to determine thaw and cooking time.

The loin steaks were cutl into .5 x b x 75" samples after
removal of all bone, subcutaneous fat and connective tissue,
Steaks were assigned at random to six sensory sessions. Location
of a sample for individusl panelists was random, Samples were
placed in white cups that had been coded with three-digit ran-
dom numbers. The cups were covered and placed in warmed
sand to control temperature variation prior to sampling by
panelists.

Sensory sessions werg conducted from 2:16 to 3:00 p.m.
on 3 consecutive days. Ong series of six samples, including a
warm-up sample, were presented to sach panelist per session.
The order of presentation was randomized for each panelist.
Score sheets were precoded to indicate the order of sampling.
Samples, score sheets, and room-temperature rinsing water
were presented to each panelist, ssated in individual booths
under white light. Samples were scored on an 8-point hedonic
scale for gach of the attributes, with B being extrernaly tender,
juicy, intense, or desirable, and 1 being extremely tough, dry,
bland, or undesirable. The mean sensory panel scores were
calculated for each carcass and used for subseguent statistical
analysis. Multiple linear regression (Dixon, 1981) was used to
analyze the relationship of the hedonic palatability scores.

Results

For purposes of presentation and discussion, the mean
palatability scores weare categorized into three classes [table 1).
Palatability scores of 6 and greater were very desirable, scores of
5 were desirable, and scores of 4 or less were undesirable. Of the
dependent variables, overall acceptability was most highly cor-
related with tenderness (r = 886, p < .01) (1able 2). In addition,
tenderness was correlated with flavor (r = 399, p < ,05). How-
ever, juiciness was not well correlated (p < .08} with any of the
other palatability scores. Althaugh not as strong, these relation-
ships are in general agreement with Jost et al. (1983) who found
high correlations among the same palatability traits. The high
correlation between tenderness and overall acceptability sug-
gests that tenderness has the most influence on the overall
acceptability of the product.

Juiciness

The mean hedonic julciness scores for each carcass varied
cansiderably, ranging from 3 to 7 with an overall mean of 4.68.
The resultant multipleregression equation (table 3) had a low
multiple correlation of 0.361 (p < 0.20). Increasing age ac-
counted for most of the multiple correlation with increasing
juiciness (B8 per cent). The simple correlation matrix (table 2)
indicates animal sex had little effect on juiciness. Although ani-
mal condition was not highly related (r = .149), it was additive
to age in the multiple-regression equation. Examination of the
means (table 1) indicates that animals in the “very-juicy’ class



Table 1. Summary of loin palatability characteristics and reindeer sax, age, and condition.'

Palatability Juiciness Flaver Tenderness Acceptability
Class Varlahle Castrate Female Castrate Female Castrate Female Castrate Female

Very Age Mean 3.75 7.50 3.25 &8.17 3.50 5.80 3.50 6.8

Desirable? tyrs) Sd* .50 1.41 0.50 207 0 2.256 0 2.1

né 4,00 2.00 4,00 G.00 5.00 13.00 7.00 15.0

Condition Mean 2.68 1.65 2.24 2.38 2,20 2,09 2.28 1.9

Sd 0.81 0.74 0.53 0.95 o 2.26 0.83 156

n 4.00 2.00 4.00 6.00 5.00 13.00 7.00 15.0

Mederately Age Mean 3.25 6.10 3.77 5.60 497 5.50 3.50 4.8

Desirable® {yrs) Sd 5.00 212 0.79 2.18 1.15 1.41 1.22 0.5

n 4.00 10,00 11.00 10.00 3.00 4,00 8.00 3.0

Condition Mean 2.62 2.0 248 1.69 2.62 1.33 2.31 1.2

Sd 0.86 1.32 0.69 1.33 1.15 1.41 0.76 0.7

n 4.00 10.00 11.00 10.00 3.00 4.00 8.00 3.0

Undesirable® Age  Mean 3.50 4.30 1.50 4,50 3.25 450 3.50 0

{yrs) Sd 1.20 1.17 0 D 1.04 0 0 Q

n 8.00 6.00 1.00 2.00 8.00 1.00 1.00 0

Condition Mean 2.01 1.60 0.65 .94 2.25 0.52 2.12 0

Sl 0.75 1.21 0 0.59 1.04 0 0 0

n B.00 6.00 1.00 2.00 8.00 1.00 1.00 0

' Condition is exprussed as average back fat depth in cm. 26na scale of 1 10 8, palatability averaged above 5.5, ?Dn 2 scale of 1 ta B, palatability aver-

aged between 4.6 and 55. “On & seale of 110 8, palatability averaged less than 4.5,

Table 2. Correlation matrix of reindeer sex, age, and condition to palatability of reindeer loin steaks.'

Sd = Standard deviation, “n = Mumber of carcassss in @ach group.

Sex Age Condition Juiciness Flavor Tenderness Acceptability
Sex 1.000°
Age 0.575 1.000
Condition - 0. 231 —0.031 1.000
Juiciness ~-0.072 0.238 0.149 1.000
Flavor 0.030 0.187 0.314 0.276 1.000
Tenderness 0.436 0.317 -0.020 0.265 0.399 1.000
Acceptability 0.436 0.233 -0.030 0.266 0.288 0.298 1.000

! Eaeh correlation coefficient indicates the strength af the relationship, The nearer the value is to =1 or +1, the srronger the relationship; velues near 0

indicate fittle or no relationship. For exampie, the relationship betwsen sex and tendarness Is 0.436, which [ndicates sex accounts for a relatively large

Ea” of the variation in tenderness. Howeuser, sex has 8 very low corrglation with flavor (0.030), indicating that i1 has little or no effect on flavor intensity.
r=33(p<05):r= 43 (p<.01);r= .15 [p < .20},

Table 3, Summary of multiple-regression analysis for correlation of reindeer sex, age, and condition to meat-palatability characteristics!

Variable
Palatability Intercept Sex Age Condition R® 5d* pt
Juiciness 4.358 -0.541 0.206 0.092 0.361 0.955 0.235
SEE* 0415 0.107 0.158
Std Reg Cosf? -0.281 0.402 0.097
p* 0.202 0065 0.585
Flavor 4 562 ~0.018 0.064 0.183 0.371 0577 0.212
SEE 0.101 0.065 0.251
Std Ren Coef -0.015 0.206 0.217
P 0,044 0.333 0.082
Tenderness 3.650 0.890 0.050 0.840 0.447 1.050 0.080
SEE 0.460 0.120 0.180
Std Reg Coef 0.400 0.090 0.080
p 0.060 0.670 0.650
Desirability 4747 0.562 -0:012 0.047 0.436 0.661 0.080
SEE 0.099 0.063 0.244
Std Reg Coef 0.477 -0.039 0.080
P 0.030 0.849 0.640

"These equations include the variables sex, age and condition to predict meat palitability characteristics. Tha P value [Probability value) indicates the im-
portance of the variable sex, #ge or condition to each equation. In general, the smaller the P value the more Important the variable is to the equation, For

sxample, sex (p value = 0.060) is tha most lmportam wiriable in the tanderness eguation.
Standard error of the regressian coefficient, P = Probability valua.

2SEE = Standard Error of the Estimate.
R = Muitiple corralation coefficient, 55:1 = Standard deviation.
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wera fatter than animals in the “moderately juicy’ to “dry”
classes. The castrates varied little in age between palatability
classes, but the females tended to become |juicier as they got
older; hence, the higher correlation between increasing age and
juiciness. Those samples Judged ‘“undesirable” by the panelists
were from animals of the poorest condition for both castrates
and females.

Flavor

Carcasses had a narrow range in flavor intensity, from 4 to
6, with a mean flavor score of 5.21. The resultant multiple-
regression equation (table 3) had a low level of significance {r =
0.371, p < 0.21). Unlike juiciness, flavor intensity is unaffectad
by sex or age. Rather, animal candition contributed the most to
the correlation between animal characteristics and flavor (r —
0.317). Mean values shown in Table 1 support the observation
that samples judged “‘desirable’” and “very desirable” came from
carcasses in the best condition, while samples with an “undesir-
able" flavor came from carcasses in very poaor condition,

Tenderness

Samplas were judged to have a relatively wide range In
tenderness intensity, 3 te 7, the mean being 5.30. The resultant
multiple-regression equation (table 3) was correlated {r = 0.450,
p < (1.08) to palatability. Sex was the most important variable
{r = 0.436), females being more tender than castrates. Sex alona
accounted for 100 per cent of the correlation that was evident
in the multiple-regrassion equation, Although less important,
age was also correlated with tenderness (r = .317}. However, it
was not additive to sex, suggesting that multicolinearity be-
tween sex and age confounded the interpretation of the actual
impertance of age to tenderness. At best, age was 73 per cent as
effective as sex in determing tenderness. Unlike juiciness and
flavor, animal condition was not related to tenderness (r =
-0.02). Examination of the mean values (table 2} indicates that
very desirable and moderately desirable carcasses came from
females of moderate age and good 1o excellent condition.

Overall Acceptability

As with tendernass, overall acceptability was most highly
correlated to animal sex (partial correlation = 0.438), with fe-
males being correlated to increasing overall acceptability and
castrates to decreasing overall acceptability. Carcasses ranged

from 6 to 7 in overall acceptability, with the data heavily
weighted toward the mean overall acceptability score of 5.65.
The resultant muitipie-regression sgquation (table 3) had a
relatively high level of significance (r = 0.443, p > 0.08). The
relatively high leval of intercorrelation between animal sex and
age makes it difficult to determine the actual importance of age
1o overall acceptability. Comparison ot sex-condition regressions
and age-condition regressions indicates that age was related to
desirability along the same dimension as sex but was only 53 per
cent as effective as sex in estimation of overall desirability.
Examination of the mean values in Table 1 indicate there is
little difference in age and condition between moderately ac-
ceptabile and very acceptable castrate carcasses, whereas there
was a considerable range in the females, with older, fatter
animals being the most preferred of the females.

Of the palatability factors considered, tendarness was most
important in determining overall acceptability of a chop steak.
Sex was the most important animal characteristic, females being
preferred over castrated males. It is also evident that sex, age,
and animal condition explain only 13, 14, 20, and 19 per cent
of the total overall variation observed in uiciness, flavor in-
tensity, tenderness, and overall acceptability, respectively,

Color and pH

Meats in light and medium-red colar classes did not differ in
pH values {p > .06}, but meat in the dark-color class was signif-
icantly higher in pH than either light or medium red (p > .08).
(table 4}), Since no differances in pH were observed between
light- and medium-color classes, these classes were combined to
form a “normal-color' class. The dark-color class was termed
“dark cutter" to signify its similarity te dark-colored beef car-
casses termed dark-cutters. These two color classes were used
for further comparisons of the effects of color and pH on
palatahility (table 5). There were no differences in juiciness or
flavor intensity between the normal or dark-cutter classes (p >
.01), but dark-cutters were tougher and scored lower in overall
acceptability {p > .01) than nermal-colored steaks. The pH was

Table 4. Mean pH of reindeer loin steaks in different color
classes.

Color Class Color Scare T Mean pH Sd 2
Light red 1 8 5.58a° 0.06
Medium red 2 i8 5.61a 0.10
Dark red 3 10 5.78b 0.15

'n « number of carcasses In ssch group. 25d = standard deviation.
3 Means foliowed by ditfarent |etters are slgnificaptiy different (p 2> 06).

Table 5. Palatability scores for loin steaks from normal and dark-cutter color classes.

Juiciness Flavor Tenderness Desirability
Color Class n’ Mean Sd* Mean Sd Mean Sd Mean Sd
Narmal 23 4.7a° 0.93 5.3a 0.56 5.78a 0.90 5.78a 0.46
Dark-Cutter 10 4.7a 1.16 5.0a 0.67 4.30b 0.95 5.200 0.63

ln = Number of carcasses in group. ‘sa = Standard deviation. ?'Meann within coiurmns which are followad by different letters are significantly differant

lp <.08). F |31 0.95=5.57.
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Figure 2. This method of skinpning and eviscerating reindeer s used in
westarn Alaska.

sfightly more important than age in correlation with tenderness
(table B),

Table 6. Partial correlation matrix of pH and reindeer character-
istics to tenderness.’

Sex Age Condition pH Tenderness
Sex 1.0007
Age 0.675 1.000
Condition -0.231 -0.031 1.000
pH 0.236 -0.195 0.047 1.000

Tenderness 0.436 0.317 -0.020 -0.445 1.000

T Each correlation coefficient Indicates the strength of the relationship
betwesn the two variables. The larger the value (on range of 0 to 1 or
=1), tha stronger the relationship. For example, the relationship between
pH and tenderness is —0.445, which indicates that pH accounts for a
rafotively large part of the variation in tenderness, whereas condition
{(~0.020) s of little or no importance.

‘= 43 lp>01);r=.33 (p > .05);r = .15 (p >.20)

Discussion

Methods used in reindeer slaughter are very similar to local-
ly wsed methods of caribou slaughter. The slaughter generally
peours on the open, snow-covered range (fig. 1) with the animal
sometimes being transported to a sheltered area for evisceration
and skinning (fig. 2). This method of killing is thought to cause
rejatively little stress to the animals immediately prior to slaugh-
1ar, as opposed to slaughter during a roundup. Local producers
belleve that prevention of preslaughter stress will lessen the
chances of adverse flavor. If adequate space is used, the snow-
covered tundra provides a relatively clean environment for
slaughiter. Temperatures at slaughter time are usually well below
freezing, resulting in rapidly cooled and frozen carcasses. The
skinned carcasses are sometimes hung on racks in the field to
facilitate cleaning of the body cavity and to promote even
cooling and freezing (fig. 3). The frozen carcasses are kept
whole, split in half by cutting from spine to belly midway down
the back, or quartered, The carcasses are then placed in cotton
mesh and sold wholesale. Local commercial outlets cut the meat
following procedures similar to those outlined by Luick (1980)
{fig. 4). The majority of the meat is sold frozen as stew-meat

Figure 3. This is a typical slaughter aréa with racks far cooling carcasses.

chunks or as steaks {loin, round, and shoulder). It is interesting
to note that it is not sold as hamburger or roasts to local con-
sumers. Barbecue reindeer ribs are sometimes sold as a fast-food
delicacy in the local Alaska Commercial Company store. In
addition, local restaurants serve reindeer meat as & specialty
item to tourists in the form of chop steaks and roasts.

REINDEER MEAT CHART

Figure 4. This poster (after Luick, 1983} illustrates the commercial
methed of cutting reindogr carchsses,
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Demand

Local demand by both white and Native ethnic groups is
very high. The average retail store can easily sell the equivalent
of one reindeer carcass a day. The short slaughter season, in-
atlequate freezer space, and high consumption rate results in a
relatively short season of reindeer-meat availability (4 to 5
months]. Local institutions have indicated considerable interest
in utilizing reindeer meat in their food programs, but they are
not allawet to do so because the absence of acceptable health
and quality standards precludes inspection and grading of the
meat.

Juiciness

Reindeer meat, and venison in general, has little, if any,
rnarbling of the lean and contains only 7 to 15 per cent inter-
muscular fat as compared 10 5 to 30 per cent in beef {Blaylock
et al., 1967; Wookey et al., 1869), Thus, venison is generally
considered more nutritious by fat-conscious nutritionists. Juici-
ness |s generally related to intermuscular fat content. Thus, rein-
deer |5 generally dryer than beef and other domestic livestock.

It is interesting to note that juiciness was best correlated
with increase in age, animal condition being of secondary impor-
tance. There was no apparent difference in juiciness betwesn fe-
rmales and castrated males, This relationship s difficult to ex-
plain since juiciness is generally considered most dependent
upon intermuscular fat. Although intermuscular fat was not
megasured in this study, data by Blaylock et al. {1967) indicate
that increased age is correlated with increasing levels of inter-
muscular fat in reindeer (from 7 per cent in 4-month-old fawns
to 15 per cent in 3.5.year-old adults). It could be hypothesized
that the dynamic nature of the subcutaneous fat layer through-
out the year prevents correlation of intermuscular fat levels with
juiciness. Thus, Increasing age may be an indirect Indicator of in-
creasing intermuscular fat, accounting for the correlation of
juiciness to age and weak correlations with subcutansous fat
depth.

Flavor

Because of the narrow range of flavor intensity observed in
the carcasses sempled, animal factors atfecting flavor intensity
are difficuit 1o determine. At best, sex and age seem to have
little, it any, effect, and the condition of the animal may have a
minor effect. On the other hand, management and processing
technigues — cooling rate, storage and cooking methods — are
probiably more important in determination of flavor intensity. It
is also possibie that our panelists were not trained well enough
to detect differences in flavor intensity, Differences in juiciness
and tenderness were more evident to the palate.

Tenderness

The increase in tenderness observed in females versus castra-
tes may be due to a common practice of late castration. Males
are generally castrated as adults, 2 to 3 years of age, the major
ohjectives being to prevent unpleasant rut flavor while taking
advantage of the increased growth rate and efficiency of intact
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males during the early part of iife (Seideman et al., 1982). In-
tact males are generally considered to be tougher than females
in other domestic species (Seideman et al., 1982). This has not
been investigated in reindeer, but it does not seem that late
castration improves tenderness of the meat to equal that of
females.

It is of interest to note that the most common USDA indi-
cator of meat tenderness, animal condition, is not correlated to
tenderness In reindeer. Jost et al. (1883) support this observa-
tion by concluding that marbling of the lean has little effect on
tenderenss. Rather, rate of carcass cooling immediately post
muortem and associated cold shortening before rigor martis sets
in are thought to be primary factors relsted to meat tenderness.

Overall Acceptability

As with tenderness, females were considered to ba more
acceptable than castrates. The significant correlation (p < .000)
between tenderenss and overall scceptability suggests that ten-
derness i5 the most important palatability characteristic in de-
termining overall acceptability of a chop steak,

Figure 5 jllustrates a well-conditioned female which scored
high in overall acceptability. Figure 6 illustrates an average-
finished castrate male which scored lower than the aforemen-
tioned female in acceptability, The carcass in Figure 7 illustrates
the smooth, even, thin finish of a8 young (yearling) castrate male
as opposed to the patchy fat-deposition patterns of the older
females and castrates.

Within the age classes considered, age was apparently only
of secondary jmportance in determination of overall palat-
ability, However, Blaylock et al. (1967) Indicated that wery
young age classes (4-month-old fawns) are highly preferred over
older age classes, This would be consistant with the well-known
desirable palatability characteristics of veal versus mature heef,
Slaughter of reindeer fawns is practiced in Scandinavian coun-
tries where limited range precludes raising of all the fawns. This
limitation does not confront Alaska's reindeer herds, thus, there
is little motive for fawn slaughter (Arohio et al., 1979).

Meat Color

Color and associated textures are known to affect the mar-
keatability of thawed meat (Amerine &t al,, 1966), In Kotzebus
and Nome, as In most areas, meat color is important in its pur-
chase (Sauers, pers. corrfrn.I }. but reindeer meat {unlike beef,
pork and lamb) is usually sold in a frozen state. Frozen reindeer
meat in general has a uniformly dark, purplish-black eslor which
prevents the detection of dark-cutters prior to thawing in the
consumer’s home. After purchasing a dark-cutter, a consumer
may be reluctant to continue to buy the product. The long-term
marketability of reindeer meat may thus be adversely affected
by such sales.

Dark-cutters were correlated with a higher pH than was
found in chop steaks of normal colar, see Figures 8 and 9. This
is thought to be a consequence of the following post mortem
biochemical reactions (Forrest et al.,, 1975). Following animal
death, glycogen, the normal source of energy in miuscle tissue, is

'C. Ssuers, 1983. Alaska Cammercial Company.



Figure 5. Carcass of a weil-conditioned, highly  Figure 6. Carcass of @ well-conditioned castrate Fiqure 7, Carcass of a thinly finished, young

acceptalife cow.

broken down te form lactic acid which causes a lowering of pH.
Glycogen deficiency often occurs when animals are stressed
(excited, poor nutrition, extreme environmental conditions) and
slaughtered befare they have sufficient time to replenish their
muscle glycagen. This will result in & decreased production of
lactic acid and consequently less decrease in pH than in car-
cagses having normal glycogen levels. The relatively small
changes In pH levels of stressed animals results in minimal
structural change to muscles and pigments, thereby allowing the
meat to remain a dark-purplish color with a sticky texture.

It is known that if the stress factar respansible for the dark-
cutter syndrome is removed, the muscle glycogen and con-
sequent post rigor pH, color, and texture réturn to normal
levels. Although the basic biochemical pathways are undarstood,
little is known, especially with deer species, concerning the type
and duration of stress required to develop the dark-cutter
syndrome or the time and conditions required for recovery.
Hecent evidence by McVeigh et al. (1982) suggests that a be-
havorial stress created by adding new bulls to a bull pen requires

Figure 8. Thawed loin chop steaks with normal color (pH of 5.54).

male with relatively low acceptability.

fyoarling) castrate male.

a minimum of ¥ to 10 days for muscle glycogen to réturn to
normal levels. Based on this information, it is probable that the
animals exhibiting the dark-cutter syndrome were from the
group that were driven to the Kotzebue area immediately prior
to slaughter.

In most species of lvestock, palatability of dark-cutters is
not thought to be affected (Forrest et al., 1975). However, in
this study, tenderness was significantly lower in the dark-cutter
class (table 5). It is hypothesized that this may be due to the
interaction of rate and extent of glycalysis (anset of rigor} and
the rapid freezing of the carcasses during the siaughter. Qur
initial observations indicate that carcasses handled in such a
Manner praduce undesirably colored chop steaks having a higher
pH than more acceptable, normally colared steaks, Palatability
scores also indicate that dark-cutters were tougher and lower in
overall acceptability than were chop steaks with normal color.

Because reindeer carcasses are normally frozen and stored
immediately after slaughter, and since their true color is diffi-
cult to ascertain when frozen, it is impossible to determing visu-

Figure 8, Thawed loin chop steaks fram a dark cutier (pH of 5.80).
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ally which carcasses are most likely dark-cutters. Howaever, given
that the pH of dark cutters is higher than in normal meat, a
measure of pH may permit identification of such carcasses to ba
identified prior to cutting. Such carcasses could then be reserved
for those cuts where color and/or toughness are not of great
importance to marketability, ie., stew meat, sausage, or ham-
burger, Proper identification of dark cutters would help ensure
that the customer would be purchasing (sven if frozen) meat
with normal, desirable color and with acceptable palatability
characteristics. When cooked, the color of the meat cannol be
determined, although toughness may remain.

Effects of Rapid Freezing of Carcasses

Lochner et al. (1980) suggested that cold shortening is the
major cause of toughness in meat. They also suggested that the
effects of post mortem treatements can override such factors as
Lireed, age, and preslaughter state in determining eating quality.
Cold shortening refers to & physical shrinking of sarcamers
{muscle fibers)., This occurs in carcasses which have been chilled
ar frozen too quickly prior to rigor mortis. Rapid thawing can
also cause this problem. As mentioned before, a fall in muscle
pH is an indicator of post mortem glycoiysis and onset of rigor.
Davey et al, {1976) and Lochner et al. {1980) suggested that
substantial cold shortening and associated decrease in tenderness
occur if meat cools to less than 81°F before the completion of
rigor mortis (18 to 48 hr.), To date, the affects and implications
of cold shortening in reindeer have not been examined. How-
ever, the unique freezing environment of outdoor slaughter
methods points to the probability that cold shortening is con-
tributing to the toughness of some reindeer meat,

The effects of cold shortening during cold cutdoor slaugh-
ter could be minimized by controlling the cooling rate of the
carcasses. This might be accomplished by slaughtering during
warmer days earlier in the fall or by use of an artificial environ-
ment, such as a portabile, insulated containar or tent. However,
these options may be prohibitive, as slaughter sites are some-
times remote and snow is required for snowmachine travel and
relatively sanitary slaughter conditions. A more viable option
may be to accelerate the process of glycalysis so that rigor
mortis is completed before the carcass cools and cold shortening
can occur, Electrical stimulation is known to increase substan-
tially the rate of glycolysis {(Lochner et al,, 1980; Davey &t al.,
1976) and to effect a considerable increase (100 per cent] in
tenderness (Chrystall and Hagyard, 1976; Riley et al., 1980).
Electrical stimulation also results in a lighter, more acceptable
color. Electrical stimulation could probably be implemented
under current slaughter techniques, since the equipment is guite
portable,

Summary

The results of this study are in general agreement with Jost
et al, (1983) who suggested that animal 2ge, sex, andl condition
explain only a portion of the variation in the ultimate palatabil-
ity of meat, Our data indicate that such management factors as
prestaughter stress antl cold shortening may be of primary im-
portance in the ultimate palatability of reindeer meat. The high
incidence of dark-cutters was as expected, since prehandling
stress is important in current slaughter methods.
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It is in the best, long-term interest of the industry to strive
1o produce a high-quality product which is both nutritious and
highly acceptable to the consumer in terms of appearance and
palatability. Some of the questions raised by this study indicate
a need for further examination of factors affecting the market-
ability of reindeer meat. These guastions include, what is the
prevalence and importance of cold shortening under current
staughter methods, particularly as it may affect tenderness? Can
glectrical stimulation be used to decrsase the effects of caold
shortening and result in more palatable meat? How important
are various types (nutritional versus excitement) and duration of
stress on the development of the dark-cutter syndrome? How
much and what kinds of rest or calming are required to recover
from the dark-cutter syndrome? Does castration of males at a
late age improve carcass palatability over uncastrated males?
What is the relationship of intermuscular fat and age to
julciness?a
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Dnie of the benefits of retaining certain lends in agricultural use may be “the preservation of a visible, perhsps ramantic, fifestple "

.

Alaska’s Agricultural Lands
Some Issues in Public Policy

By

William G. Workman " and Steven D. Beasley ™"

An issue of significant pelitical importance in many regians
ol the United States and other parts of the world concerns the
conversion of crop lands to residential and other nonagricultur-
al public and commercial uses. Concern for this shifting pattern
of land use has spawned a number of government-sponsored
programs to slow this trend. Among the policy instrumerts
introduced to address the goal of crop land preservation are
property-tax incentives (e.q. use-value assessmiegnts!, agricultural
zaning, government purchase of development rights on agricul-
tural lands, and, in Alaska, the sale of agricultural rights only in
selected state and local government land-disposal programs.

The rationale for the introduction of extra-market mecha-
nisms to influence land-use patterns stems from the alleged
failure of private land markets 1o produce socially desirable
allocations of land resources. While this issue has resulted in a
significant number of position papers and conference procaed-

* Associate Professor, Econoemics, Agricultural Experiment Station,
Fairbanks.
** (3raduate Research Assistant, LUniversity of Alaska, Fairbanks.

ings! and in great political rhetoric, the topic remains cantro-
versial, and empirical svidence of a suboptimal agricultural land
base is thin indeed. Rather, a typical approach of authors
writing in support of nonmarket sanctions has been to warn of
the possibility that the private land market might fail to meet
long-term agricultural production-capacity requirements and
then to proceed to svaluate varicus policy instruments with
respect to their relative strengths and weaknesses in achieving
foad- and fiber-production capacity goals. The most cbvious
shortcoming of this appreach is, of course, the implicit equating

lSee, for example, the following: NALS. 1881, National Agricultural
Lands Study. Final Report, ULS. Department of Agricuiture, Soil Con-
servation Service, Washington, D.C.; U.S. Senate. 1981, Agriculture Land
Availability: Papers an the Supply and Dermand for Agricultural Lands in
the United States. Committee on Agriculture, Nutrition and Forestry,
97th Congress, 1st Sessian, July: William A. Fischel, 1982, The urbaniza-
tion of agricultural fand: A review of the Netions! Agricultural Lands
Srudy. Land Economics, 58(2); Philip M. Raup. 1982. An agricuitural
critigue of the National Agriculfural Lands Study. Lend Economics,
58(2).
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A ghifting pattern of land ¢se has spawned 8 number of government-
sponsored programs to preserve crop lands,

of “requirements” with economic demand that stems from dis-
counting the role that prices play in determining commodity
and resource-use patterns,

Aside from the issue of national and/or global inadequacies
of agricultural land bases, state and local entities often express a
desire to maintain or expand the agricultural sector for the pur-
pose af stabilizing economic activity patterns or of broadening
the industrial base of an sconomy, These latter concerns seem
o maore appropriately apply to the Alaskan situation. The
primary argument advanced by advocates of an expansion of the
state’s agricultural industry relates to our current heavy reliance
an the petroteum indusiry to support activities in boath the pri-
vate and public sectors, Concern for the future of Alaska’s
economy has given rise to suggestions for a hroadening of the
economic base which emphasize the increased developmeant of
renewable sources of income including agricultural activities.
Public support for this position has contributed to the emer-
gence of agricultural projects in the Big Delta area and at Point
Mackenzie and in the disposal of agricultural lands by the state
and borough governments in other parts of the state.

In addition to the interest expressed In broadening the
econamic base, it is not uncemmon to encounter the argument
that agriculture should be expanded since only about 5 per cent
of the food consumed in Alaska is produced in-state. Related to
this point is the suggestion that, by reducing our food imports,
we become less vulnerable to potential disruptions in the
delivery system linking Alaska with current food sources. Let us
briefly examine these issues,

There is nothing intrinsically wrong with being only 5 per
cent {orany other per cent) self-sufficient in food ar any other
commodity, There are, after all, many classes of items that
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Alagskans purchase for which we are entirely dependent on
outside sources. Mearly all of our clathing is imported. Drugs
and other medicines are produced elsawhere, as are automo-
biles, airplanes and outbosrd motors. Presumably, the least
pxpensive way in which to satisfy Alaskans’ desires for these
purchases is to import them. Similarly, the least-cost method of
satisfying the state’s food demands is likely to be some combi-
nation of imported and local production. Mo one kKnows for sure
what this combination might be but, if markets are aperating
efficiently, it is probably close to our present mix. If relative
costs change in the future, then market forces will reflect the
new set of cost conditions and the efficient proportion of
in-state foad production will also change. The important con-
sideration from a palicy viewpoint is that all costs, including
backing by the public sector, should be refiected in any analysis
aimed at identifying Alaska’s optimal level of selfsufficiency in
food.

The issue of our vulnerability to interruptions in food
shipments can likewise be analyzed using a framework that
considers cost-effectiveness. |f it is determined that Alsskan
food wholesalers and retailers hold suboptimal inventories of
foad, given the raliability of the transport system, then some
public measures may be required Lo ensure against an unexpect-
ed disruption in supply.® Amaong the mesns available are en-
couragement of greater in-stats food production, state support
for either private or public food-warehousing facilities, and
financial backing for an emergency food transport mechanism
that could be activated in the event that traditional supply lines
were broken. It would seem 1o be in the state’s best interest to
accomplish its goal of continuows food availability with the lsast
expenditure of resources. Achieving this objective may invalve a
combination of these various measures as well as others.

Discouraging Conversion

While the opening of new lands for agricultural develop-
ment may be the deminant reflfestion of public attantion on the
role that this industry will play in the state’s economic future,
increased cancern with the preservation of existing farm acre-
ages Is another dimension of this same interest. In Alaska, the
process of farmland conversion is most readily apparent in the
Matanuska Valley. The old colony and homeastead arsas are
currently under intenss development pressure due to the popu-
lation growth of the region and the consequential increase in
demand for suburban housing. Many of the affected areas have
been under continuous cultivation since the early part of
this century and are often referred to as the showcase of
Alaska’s agriculture. Area residents are concerned with what
has been described by one local official as the “loss of the heart

4
“Why might these wholesalers and retaifers hold socislly inefficient
stocks? One mason may be that the individual firm views the riskiness of
shipment disruption differently than dows the rest of the Alaska society,
For example, a firm that stackpiles food In anticipation of a shigment
interruption af some unknown future date may not have a free rain over
haw this inventory is utilized showld the disruption occur. If the firm
realizes this, Its incentive to stockpile is reduced, It follows that the social
benefits aof increasing the security of food suppiies exceed the privete
{firm) benefits and some govermment action may be calied for fo address
this divergence. These issues are discussed with referpnce to U.S. energy
policy g John E. Tilton. T876. The public rale in energy research and
development. IN: Robert J. Kalter and Willism A, Vogely (editors).
Energy Supply and Governmant Policy, Cormell University Prass.



of agriculture in Alaska” and with the alteration of the
unigue scenic beauty of these areas in farm use (Thurlow,
unpublished)

These concerns have resulted in actions hy boath the state
and Matanuska-Susitna Borough governments to resist the con-
version pressures on existing farmlands and to encourage agri-
cultural use of newly disposed lands. Regarding the latter both
the state and the borough have implamented procedures de-
signed to classity and dispose of arable lands for agricultural use
only. The borough's actions are said to reflect the desires ax-
prassed in a recent area-wide survey in which residents gave agri-
cultural development the highest priority in ranking resource-
development aptions for the region (Planning, Inc., 1983),

Regarding the protection of existing farmlands, a policy
currantly in use s the state-funded, borough-implementad
property tax-deferral program. Agricultural lands are assessed,
for property-tax purposes, according to their productivity in
agriculture rather than at their fair market value. The state
compensates the borough for the tax revenues foregone fram
this assessment procedure. Farmiand owners who receive at
least 10 per cent of their annual gross income from farming
are eligible to participate In the program. If, however, the farm
proparty s converted te a nonagricultural use, the owner must
repay the state a penalty tax plus accumulated interest. Cur-
rently, there are some 11,000 acres of land in the Matanuska-
Susitna Boerough covered by the farm tax-deferral program
(Planning, Inc., 1983).

Recently, interest has focused on a relatively new insti-
tistional mechanism to slow the loss of agricultural lands to
other uses. This method, which has been adopted in some of the
pastern states and in King County, Washington, involves the
public purchase of nonagricultural development rights on
agricultural lands currently held in the private sector. Under a
yoluntary arrangement, interested farmers could offer to forfeit
the right to subdivide their acreage in exchange for a compen-
sating payment. This payment would presumably represent the
differential betwean the fair market value of the land held in fes
simple title and the valuge of the land as a praductive resouree in
agriculture. Such a program is designed to remove the farmers'
incentives to subdivide their lands by making available to them
potential capital gains created by development pressures,

Interest in development rights purchase programs in Alaska
is reflected in actions by both stste and local governments. In
1978, the Alaska Department of Matural Resources asked the
Agricultural Experimant Station (AES] to evaluate such 8
program{Workman et al., 1979; Waorkman et al., 1980). This
past year, the Matanuska-Susitna Borough Assembly passed a
resolution urging the state and local government to develop
cooperatively a policy and mechanism that would allow the
purchase of agricultural preservation sasements (Frontiersman,
1983), Subsequently, hills were introduced in both the house
(HB 148) and senate (SB 237) of state government to fund such
& program, but neither reached the chamber floor. A unigus
feature of the proposed program for Alaska is the form of
compensation to the land owner. In recognition of the state's
significant inventory of potentially arable land, it was proposed
that new agricultural lands be made available to program par-
tigipants with cash payments being made only to make up any

3 Thurlow, Gary. Matanuska-Susitna Borough mayor.

difference between the value of the sasement and the value of
the newly awarded parcel,

Development rights-purchase programs can undoubtedly be
effective in preserving agricultural lands. Yet such programs
need not be hamperad by the same inequities that characterize
agricultural-zoning procedures, However, 85 was pointed out in
the earlisr AES study (Waorkman et al,, 1979; Workman et al.,
1880), such programs are potentially very expensive, a fact
which no doubt contributed to the lack of progress of the hills
introduced in the legislature. For example, the AES study
estimated an asking price of 3,400 per acre for development
rights on agricultural lands statewide and £3,600 per acre in the
Matanuska-Susitna region. The obvious question that must be
addressed is, How do these cost estimates compars with the
magnitude of benefits that might flow from such a program? |s
the rate of return on public resources required to fimance such
an effort competitive with what oould be earmed by equal
expenditures In other investments? Alternatively, if the objec-
tive af a government-sponsored program is 1o preserve a critical
mass of agricultural resources such that the industry can remain
or become viable in a particular region such as the Matanuska
and Susitna Valleys, is a development rights-purchase program
the teast-cost means of achieving this goal? The latter point is
particularly relevant since the existing acreage in agriculture
may contribute only modestly to this critical mass when ane
considers the amount of potentially arable land in the region
and the option that the state and borough governments have to
release only the agricultural rights to these new lands in their
disposal programs.

Failure in the Rural Land Market?

Just as the literature relsting te the national and global
adequacy of an agricultural land base reveals vast differences of
opimion on this issue, controversy surrounds the advisability of
extra-markel means to preserve the agricultural base of small
local areas.® Fundamental to these debates is the efficacy with
which private land markets function to provide efficient and
equitable patterns of resource use. Whils “market failure™
has been suggested as the justification for public intervention in
land-use decisions, the removal of the market from the alloca-
tion task and the substitution of essentially nonmarket criteria
characteristic of many agricultural land-preservation programs
should be accompanied by some specific rationale. Congider-
gtion of the nature of the food and fiber commuodities that are
produced by agricultural enterprises suggests that allegations of
markel power concentration or externalities leading to sub-
optimal quantities of land devoted to agriculture clearly lack
validity.

At the local level, however, there may be a concern with an
income-distribution implication of agriculturaldand conversion.
To the extent that specialized resources are employed either at
the farm level ar elsewhers in the infrastructure of the agri-
cultural industry, the owners of these resources have a vested

YSes B. Delworth Gartner. 1977. The sconamics of agricultural lend
preseryation.  American  Journal of Agricultural Economics BB(S),
Gardner's clear statement of thesa issues led us to borrow thamslessly in
aur development of this and the following two paragraphs.
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interest in maintaining the industry. For example, there may be
some immobile farm workers whose absence of skills outside the
agricultural industry would prevent their adjusting easily to the
changing economic scene. One must face the issue, however, of
whether retaining land in agriculture is the least-cost methed of
providing these individuals with an acceptable standard of living.
It may be that publicly financed programs of aconomic assis-
tance and/or retraining cauld achieve this end more efficiently.

QOther resources and decision makers across the spectrum of
agriculture — farm operators, processors, suppliers, transporters,
government agency personnal and university professors in
agricultural disciplines — also have obvious stakes in a viahle
agricultural industry. However, these are generally not low-
income people, so the concern for the equity consequences of
land conversion may not be as great. In addition, they are
typically mobile so can adjust to changing land-use patterns. In
any case, the income-distribution argument does not seem
particularly relevant to the Alaska situation since any nonland
agricultural inputs that are displaced by land conversion in the
Palmer-Wasilla area can most likely be utilized in the newly
developing agricultural areas in the state,

What, then, is the nature of the market failure that might
cause objection to unfetterad exchange in the rural land mar-
ket? Raup (1982) has indicated that, at the national level, the
concern for lost environmental amenities associated with the
presence of agricultural activities at the urban fringe was the
major impetus in the 1960s for increased public involvement in
land-use planning and the advocated restrictions on agricultural-
land conversion, We have argued elsewhere (Workman et al.,
1979) that open space is only one of several “extarnal benefits”
that might accrue to Alaskans from the decision by agricultural-
land owners to keep their land either uncleared or in agricultural
use, Other benefits in this ciass are the maintenance of wildlife
habitat, watershed protection, and the preservation of a visible,
perhaps romantic, lifestyle. Since farmers are not in a position
to demand compensation for supplying these benefits, they have
little incentive to provide the socially optimal quantities of
these anvironmental amenities.

The environmental effects of allowing land at the urban
fringe to remain in agricultural use are known in the economist’s
jargon as “public’ or “collective’™ goods. As such, these benefits
have two distinguishing characteristics: {1)the impracticability
of excluding the consumer who does not pay for thea good (i.e.
“nonexclusiveness’’), and (2lconsumption by one consumer
does not reduce the dquantity availahle to others (i.e. “non-
rivalry™) (Mishan, 1969). These qualities make it difficult for
market transactions to result in socially desirable amounts of
the collective good. First, on the supply side, the nonrivalry
characteristic suggests that the cost of making the good available
to one more beneficiary is zero. This means that the socially
efficient price to charge for the good is also zero. But, at a zero
price, obviously no private businessman, a farmer in this case,
would be willing to invest in supplying the good. On the de-
mand side, since no one can be excluded from consumption,
whather or not he pays for the good, individuals have no in-
centive to reveal their true willingness to pay for the good.
Provided the good were made available, an Individual could
benefit from its presence and become a “free rider.”

Alaska has a great abundance of open space and related
environmental amenities to offer its residents. Since market
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signals are absent with regard to the production of these collec-
tive goods, there is little evidence avallable as to how much
these amenities are worth. It seems reasonable, howsver, that
the highest value would be placed on these benefits in situs-
tions where they are in short supply. In relatively urbanized
areas, these benefits may take on high value indeed. The impor-
tance of the environmental effects of agricultural-land preser-
vation is reflected |n the eoriteria by which choices among
qualified parcels would be made in the previously discussed
proposed Matanuska-Susitna Borough development rights-
purchase program: (1) agricultural productivity, (2} susceptibil-
ity to conversion and (3) contribution to attractiveness of the
area (Planning, Inc., 1983). Based on these considerations and
the associated attraction of towrists, the old colony area has
been singled out as a priority for preservation.

But what is the value of preserving the amenity banefits —
the environmental advantages as well as the historical valuss —
of these agricultural lands? Certainly if public expenditures are
to be made in this effort, some notion of the return on this in-
vestment would be helpful to policy makers. The Agricultural
Experiment Station s currently involved In a study designed
to shed some light on this issue. Employing state-of-the-art
techniques for valuing collective-good, environmental amenities,
researchers are hoping to furnish borough and state officials
with useful data on which to judge proposed farmland retention
programs in southcentral Alaska and statewide.

Conclusion

The general position taken in this sssay is that the public
policies and pragrams mentioned here as well as any others
aimed at redirecting resource allocations should he scrutinized
regarding their costs and, whers possible, benefits. In many
cases, this examination will requira a significant research com-
mitment in order that decision makers have access to objective
information on which to base their analyses and choices. The
payoff to Alaskans from this approach in examining actions
affecting the state's industries, including agriculture, is the in-
creased likelihood of the varipus sectors of the economy realiz-
ing their potential and contributing the maximum amount 10
Alaska’s economic future. o
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White spruce house logs such as these bring the highest market prices.

Forest Management for Interior Alaska
Can Products Justify Costs?

Edmond C, Packee™

Interior Alaska forests constitute a renewable rescurce
which is currently underutilized. Through appropriate fiber
utilization and the development of an efficient industrial
infrastructure, these forests have the potential to:

1. supply more of the wootl-fiber demands of interior and

southcentral Alaska and reduce the magnitude of high-cast

imports from the forty-eight conterminous states and

Canada;

2. provide an export market which would enhance regional

and state economies and benefit the national trade balance;

3. provide employment opportunities in a relatively stable

industry for skilled and semiskilled workers.

This paper presents a preliminary overview of the forest-
products potential of the Alaskan spruce-hardwood forest and
identifies the economic realities of forest management which
must be considered. Emphasis is on fiber production; however,
this should net be construed as ignoring other uses of Interior
forests. Multiple use is fully recognized and the integration of all
uses is the ultimate goal.

* Assistant Professor, Forest Mamagement, Agricultural Experimant
Station, Fairbanks.

Economic Considerations

A successtul forest industry, whether a large corporate com-
plex or a small famlly business, depends upon satisfactory prof-
its abtained from operations. Good forest management involves
expenditures of monay and manpower; simllarly, the operation
of an efficient sawmill or other forast-products plant requires
the expenditure of maney and manpower. These two activites,
forest management to produce the raw materials (trees for fiber)
and the conversion of the raw material to useful producis, are
intimately refated. Ultimataly, the consumer determines the
profitability of the forestry operation.

Worrell {1952} recognized five stages of forest production:

1. primary production of the raw material (the growing of

the fiber as trees);

2. harvest of the raw material {logaing);

3. processing of the raw mataerial (logs or the entire tree)

into products (firawoad, boards, waferboard, paper);

4. distribution and marketing of products (transportation,

storage, and advertising); and

5. purchase and use of the products by the consumer.
Worrell’s stages emphasize the interrslationship of forest man-
agement, product manufacture, and the consumer; he clearly

Agroborealis July/1984 B3



Neariy mature white spruce stands such as this one contain house logs, sawiogs, pulp logs, and firewoad.

identifies the importance of the consumer in determining the
price and hence the profitability of the forest industry.

Harvestable interior Alaska forests can be considered old
growth, their presence a free gift; that is, no deliberate outlay
of money or manpower has produced these stands of timber.
Untll recently, management has constituted little more than cut-
ting and moving onto another stand. Little thought has been
given management for future stands no real investrnent of
money and manpower. Once the old-growth stands have been
cut, Alaska’s interior will have to depend upon the management
of its timber-growing capability or imports.

Aecently, Sedjo (1982} compared rotation age, growth rate,
and yield of plantations of various species in various regions of
the world and then compared the sconomics of production;
these comparisons are presented in Tables 1 and 2. In Table 1,
niote the long rotation period (the time for trees to reach matur-
ity) for Finland which has rotations similar to those feasible in
interior Alaska. Even the Douglas-fir region of the Pacific north-
west, with its highly productive forests, has rotations which do
not compare well with other regions of the world. Rotation
provides an indication of the time required to carry an eoco-
nomic investment to maturity — the time of harvest.

Growth rates are expressed as the mean annual increment
{m.a.i.) which is the average annual volume growth of a tree or

54  July/1984 Agroborealis

stand from time of establishment to rotation age. Again, Table 1
shows the mean annual increment for Norway spruce in Finland
to be less than one-halt to one-fifth those found elsewhere.
Farr (1967} provides a mean annual increment figure for natural
(unmanaged) white spruce stands of 51.2 cu. ft. per acre per
year on the best sites in Alaska. With good managament, how-
aver, the mean annual increment on such sites in Alaska could
reach levels greater than that given for Finland. Mevertheless,
the timber capability of Alaskan and Finnish forest sites is
comparatively low.

Although the total commercial yield of fiber per acre at
rotation age for some species and locations is less than that for
Finland, over the same period of timea the yields in other regions
of the world are greater. This is demonstrated by using the
pulpwood regime for Caribbean pine in Brazil with a rotation
age of 12 years and a total yield at harvest of only 2,744 cu. ft.
per acre. In contrast, Norway spruce in Finland has a rotation
age of 50 years and & yield of 3,573 cu. ft. per acre. Howeaver,
in Brazil, the forest manager can produce four rotations of pine
in the same period as one rotation of spruce in Finland for a
total commercial yield of 10,976 cu, ft, per acre.

In Sweden, the mean annual increment for the country is
only 42.9 cu. ft. per acra per year, and even with that low [evel
of productivity, there is a thriving forest industry (National



Table 1. Comparison of rotations, growth rate (m.a.i.) and vields for plantations of several species in several regions of the world
{from Sedjo, 1982).

Pulpwood Regime Sawlog Regime
Rotation M.A.l Yield Rotation M.A, L Yield

Country/Species [yrs.) teuft./Alyr.)  {cu.ft./A) {yrs.) {euft./Alyr.) (eu.ft./A)
United States — South

Loblolly pine 30 170.1 5,097 35 17712 6,201

Lablolly pine—high site 29 256.2 7,689 35 2530 8,863
United States — Northwest

Douglas-fir 40 182.2 7,289 50 205.8 10,304

Douglas-fir —high site 30 194 .4 5,830 40 2858 11,447
Brazil

Caribbean pina 12 228.7 2,744 16 2287 3,669

Eucalyptus 11818 3673 6,768 18 357.3 £,788

Loblolly pine 12 2858 3,430 20 2858 5717
Chile

Monterey pine 25 3144 7,632 32 3144 10,051
Australla

Monterey pine 29 295.7 8,674 35 248.7 8,703
MNew Zealand

Monterey pine 18 357.3 6,431 27 357.3 3,647
Barnao

Caribbean pine 15 200.1 3,001 20 1929 3,859
Finland

Norway spruce 50 1k 3,673 80 7186 B.717

Table 2. Comparison of forest-management costs in 1979 dollars and return on investment for plantations of several species in
several regions of the world {from Sedjo, 1982).

Pulpwood Regime Intégrated Hegime
Estahlishment Subsequent Rate of Cost/ Subsegquent Rate of Cost/
Cost/Acre Costs/Acre Return eu.ft, Costs/Acre Raturn cu.ft.
Country/Species (&) ($) {36) ($) %) (%) (8)
United States — South
Loblolly pine 266.17 139.15 12.02 .080 149.156 12.45 067
Loblolly pine — high site 266.17 139.15 13.91 .053 149.15 14.12 047
United States — Northwest
Douglas-fir 558.65 438.65 545 137 877.60 6.12 139
Douglas-fir — high site 558.65 413.65 7.24 167 B52.50 8.29 123
Brazil
Caribbean pine 277.50 370.00 17.89 236 430,00 2044 183
Eucalyptus 523.00 547.80 20.16 Ji2 647,80 15.54 372
Loblslly pine £30.00 382.80 1567 .266 502.80 17563 a8
Chile
Monteray pine 176.62 97 .47 23.39 .036 114.38 12.50 029
Australia
Marnterey pine 651.56 173.73 10.68 096 19251 10.08 087
New Zealand
Monterey pine 456.33 445 .46 11.90 .140 567.40 1211 J06
Borneo
Caribbean pine 277.50 415.00 12.94 231 490,00 14.73 .199
Finland

MNorway spruge 456.00 126.72 4.61 a3 186.72 5.57 07
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Board of Forestry, 1977). Assuming levels of productivity for
forest fiber in Alaska at least equal to that of Scandinavia and
considering distance to markets and productivities elsewhere,
one must ask, “In spite of the success in Scandinavia, why
invest capital in forest management in the interior of Alaska
when there are more lucrative opportunities alsewhere with
apparent lower risk?”’

Table 2 compares the establishment costs and subsequent
costs of intensive management in terms of 1979 dollars and the
anticipated rate of return on investment, Immediately, one sees
the rate of return on the Finnish spruce plantations to be much
less than most of the other locations. However, it is not signifi-
cantly less than the figures given for average growing conditions
in the Pacific Northwest,

The initial investment reguired to establish a plantation of
spruce in Finland is slightly above average for the twelve cases
presented. Subsequent management costs are well below aver-
age. When all management costs are cansidered, only the south-
grn United States and Chile have a per-acre cost lower than Fin-
land. More importantly, the cost to produce 1 cubic foot of
wood under the integrated regime ({multiproduct) in Finland is
competitive with all Pacific Rim countries except Chile and is
much less expensive than the production of Douglas-fir in the
Pacific Northwest, This implies a lower risk of capital per unit
of fiber produced.

Because of the Iinfancy of the forest industry In Alaska's in-
terior, no reliable forest-management or manufacturing costs are
available. Prefiminary information suggests that certain costs are
considerably below those for the Pacific Northwest and interior
British Columbia. Based on the Finnish example and assuming
similar costs and growing capability, Alaska has an opportunity
to produce fiber for its own use in what appears to be an excel-
lent profit situation. In addition, certain high-quality, high-value
products (furniture bianks, panelling, lumber) could be manu-
factured from native Alaskan species for export. Obviously, a
management regime for pulpwood doss not appear to be as
attractive as an integrated regime producing & range of products.

That an in-state demand exists for Alaskan products is
obvious; all one nesds to do is visit a local lumberyard. Carloads
of spruce lumber from British Columbia (Prince George,
Smithers, Quesnel) are a common sight. Lumber is trucked in
from Watson Lake, Yukon, to Fairbanks and Anchorage,
distances In excess of BDO miles. Paper birch iz occasianally
imparted from Michigan.

The damand for Alaskan products outside the state is un-
defined. Our competitors, British Columbia, Washington, and
Oregon, export the same species or similar specias for the sama
uses to Pacific Rim countries. The question then is not “lIs there
a demand?’’ but, “Can interior Alaska compate?” Earlier it was
suggested that we could manage the forests and probably manu-
facture products for as low or lower costs than the Northwest
competitors. Also, shipping to the Orient takes four to five days
less from Anchorage than from Seattle, Washington, or Van-
couver, British Columbia. The differential from Prince Rupert,
British Columbia, is not as great, but still exists. Interior British
Columbia white spruce and lodgepole pine lumber travels to
Prince Rupert by rail, distances of 200 ta more than 600 miles;
the rail distance from Fairbanks to Seward is approximately 470
miles, Thus, Alaska is no further away from Pacific Rim coun-
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tries, and the shorter shipping distances should mean lower
shipping costs.

The large amount of old-growth available for harvest in
interior Alaska is a definite asset. Emphasis is on “available” —
timber must be committed to harvest. The large acreage in
private ownership (native corporations), the new Tanana Valley
State Forest, and other acreage set aside for timber production
provide a reasonably secure timber base. Such a supply of tim-
ber is an important consideration for locating & new converting
plant. It does not first require the establishment of a new forest
followed by capital outlay for 8 converting plant as is the case In
Brazil, Chile, Borneo, and Australia. That initial supply of tim-
ber not only decreases the capital investment, but greatly
decreases the risk. Also, Alaska provides a better risk in terms of
political stability than many of the more lucrative areas suitable
for forest management,

Forest Species

The spruce-hardwood forest of the interior of Alaska is
relatively poor in species composition. Only seven iree species
occur naturally: tamarack or larch, white spruce, black spruce,
paper hirch, quaking aspen, balsam poplar, and western black
cottonwood. In the adjacent Yukon territory, two additional
caonifers occur: subalpine fir and lodgepole pine; of these, only
lodgepole pine has sufficient value as a source of guality fiber ta
be considered for management in the Interior of Alaska.

One of the most critical managament decisions that the
land manager makes is the selection of the species for manage-
ment on a specific site. Not only does the manager have to
know the ecological raquirements of each species and be able to
identify the conditions of the specific site he plans to manage,
he must know the potential markets for each species and the
kind of log or tree required to produce products of the highest
quality. Only then can he make a site-specific prescription as to
the species or mixture of species most suitable. It Is not enough
1o grow trees for yield. The yield of subalpine fir often exceeds
the yield of lodgepole pins, but the quality of its fiber is such
that it is considered inferior to lodgepole pine for lumber, ply-
wood, some pulp processes, and even firewood. The initial
choice of species for each specific site will atfect the ultimate
profitability of the industry.

Table 3 identifies potential uses of the species. At this time,
it is difficult to rank the species for each use. A large part af the
ranking exercise can be done through a survey af the literature.
Howevar, the literature can cause confusion as in the case of
per-cord heating values. In this situation, the values and ranks of
Canadian data {Greaves and Schwarz, 19561) do not agree with
those commonly acceptad in the United States (Summitt and
Sitker, 1980).

In selecting the spacies for the site, the manager should opt
for a species that has the most end-product options and highest
values for end praoducts; he then must determing the capability
of the site to grow that species. Essantially, the manager is
matching the best products to the growing capacity of the site —
he is attempting to maximize profits, The managed forests of
interior Alaska will consist of a mixture of kinds of stands —
pure stands and mixed stands, different species, different
number of trees per acre, and different rotation ages.




Table 3. Potential commercial uses of several native, Interior, Alaskan tree Species.

SPECIES SPECIES
3 E
e § %_ D 8 8 = g % 5 § §
c 4 o B = g £ < & B a &
= 258 & a # gca aa
5 £ 3§ ¥ § 5 2 5 % 385 8 2
B 5 = ® = m £ 4 % 0w &, ® 8 8
Use g8 a.n 3 8= Use g &2B I =
Bullding material Agriculture
House lags X X X Posts X O® X
Construction lumber X X X Bedding % x ® K
Siding £ K X Fead 7T %
Poles X x x
Walerboard s B R
Particleboard %%, W oa W B ¥ Energy
Firewood n oM EORE R R
Finishing materials Hog fuel * T U R
Hoards X Foom o B X Pressed-wood logs L
Paneling X &, B . % R R
Flooring X X
Molding X X Miscelianeous
Veneer LR M A OEDOE Transmission poles X X
Cabinets X X x A Railroad ties S
Furniture components w e B 8 X Export cants x X C A
Caskets X
Pulp alnd paper Novelties X
Chips X WO B OB % Specialty items * K o
Kraft pulp Kyos B & & & X Christmas trees XX
Thermomechanical pulp X % & 8 ¥ ® % Birch syrup X
[Mewsprint % % W ® 7 0N K Perfume/oils * bk

Mo funl: sawmill waste not otherwise used, such as slabs, edgings, trimmings, defective boards, and miscuts, which has been chipped into small, roughly
sizad pleces to be usad for fuel: the chipping maching is kaown as the "hog", hence the term "hog fual "

Forest Management

Forest management is the application of business methods
and technical forestry knowledge to the operation of a forest
property to produce goods, Roth (1974) stated that the task of
forest management i5, “To build up, put in order, and keep in
order & forest business,” I Alaska, the task today is the same as
that given for the United States in 1914, “. . . to take a piece of
Wild Woods and convert this gradually into a forest business
which shall produce timber, as much and as good as the land
and climate permit, and to have this timber in such a condition
of age and arrangement that a crop may be cut each year, and
thus income secured in keeping with the investment.”

There are two categories of forest-management activities.
Basic management activities include all essential activities for
the orderly running of the business 1o meet specified goals.
Optional management activities are those practices which can be
used at the discretion of the manager to produce additional
increments of wood or value.

Basic management activities include: site classification, in-
ventary, management of data {record keeping), protection, and,
in Alaska, because of the Forest Act, regeneration. Optional
management activities include: site preparation, stand releass,
nutrition, tree Improvemsnt, thinning, and more refined or
special basic-management activities. A management plan will

identify for each specific site a minimum-management goal and
an optimum goal and then list basic, mandatery activities and
optional activities for the manager to consider for implementa-
tion to achieve the specified optimum goal. For sites with a
particular timbergrowing capability, with similar environmental
limitations, and having similar access, the land manager should
prescribe the same combination of basic and optional manage-
ment activities — such a combination comprises 8 management
regime. The regime should be the most economical capable of
achieving the goal,

A site for which the management objective is aspen might
have a management regime consisting of basic activities with
clearcutting and natural regenerstion. ©On the other hand, a
site with a high timber-growing capability near the converting
plant might have a management goal of 6,000 cu. ft. of white
spruce per acre by a rotation age of BO years. The management
regime would consist of basic activities including:

1. clearcutting and artificial regeneration;

2. optional activities including site preparation such as pre-

scribed broadcast burn;

3. planting of large, bareroot, genetically improved seed-

lings;

4. stand release from grass, by use of herbicides;

5. thinning at 40 years for fence posts and firewood, and

a1 60 years for sawloags;
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6. final harvest at 80 years for sawlogs and poles; and

7. Tertilization with nitrogen and sulfur five growing

seasons befare each thinning and the final harvest.

The cost of such activites is treated as an investment and
must be recovered with interest. Because of the social good
temployment) brought about by Intensive management, gover-
ments frequently provide tax incentives or outright granis or
subsidies. Examples of subsidies or grants include up 1o 50 per
cent or more of the costs of road building and thinning in Fin-
iand and from 30 to 90 per cent of the costs of planting, stand
tending, thinning, and road building in Sweden (Gasharre,
1982},

Conclusions

There is strong evidence to support the statement. "“Prod-
ucts can justify the cost of good forest management In interior
Alaska.”” Although growth rates and rotation ages are consider-
ably less attractive than those attainable elsewhere in the world,
when the risks of doing business are considered, the return on
investment is acceptable. Market demand for Alaska’s forest
products is well established as demonstrated by compstitors in
Canada and the “"Lower 48;" markets exist within Alaska as well
as abroad. Interior Alaska’s raw materials offer better access to
many markets than those of competitors.

To be successful, the industry must become competitive.
Forest management must be practiced in a business-like manner;
“oldgrowth” must be used wisely to retire the development
debt: and converting plants must be highly sfficient and manu-
facture quality products. A real effort must be made to obtain
the necessary share of the market,

Basic timber management should have as its goal produc-
tion of maximum, practicable, per-acre yields of usable wood
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fiber. Avallable forestry knowledge must be applied. Infor-
mation developed elsewhere must be transferred and tested in
Alaska, A greater emphasis on applied research — solving the
problems of the land manager — is essential, Management and
research efforts must be coordinated to achieve the most
benefits in the shartast time frame. o
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AES Notes, continued

in Oregon for delivery of a paper entitled, ""Arctic and subarctic
truffles: Their speciation, range extension, associations, and
spore vectors.” In August, Dr, Laursen delivers a paper in Swit-
zerland, entitled ""The genus Hygrophorus (Agaricales) in Arctic
and subarctic Alaska,” at the Second International Symposium
on Arctic and Alpine Mycology (ISAM-I1) of which he I§ ca-
chairman. In September he will deliver an invited paper, "The
Tricholomatacese of Arctic Alaska: A floristic treatmant,’’ to
the European Workshop on the Tricholomataceae baing held in
Parma, Italy,

Dr. Lauwrsen has alsa participated in & number of regional
and local activites. The Rural Alaskan Orientation Program
permitted a visit to the village of Barrow where educational
neads (n the bioloaical sciences were discussed with science
teachers. Public lectures on Arctic mushraoms were given to
several classes and at the Mawval Arctic Research Labaratory.
Two Fairbanks community lectures on fungi of interior Alaska
were also given as part of the Tanana Valley Community Cal-
lege’s Scierice Seminar Series and for the Alaska Native Plant
Society.,

Andrew MclLean Gordon will receive the interdisciplinary
Ph.D. degree in Auvgust from the University of Alaska-Fairbanks,
with a major in forest soils. His doctoral dissertation, “Seasonal
Patterns of Nitrogen Mineralization and Nitrification Following
Harvesting in the White Spruce Forest of Interior Alaska,” was
based on his research activites in the Bonanza Creek Experi-
mental Forest near Fairbanks.

Dr. Gordon was awarded a B.Sc.F. degree in 1878 by the
University of New Brunswick al Fredericton. Gardon entered
the graduate-studies program at the University of Alaska-Fair-
banks after a year's employment as a forester In narthern
Ontario with the Ontario Ministry of Matural Resources and
Domtar, Inc.

Dr. Gordon’s initial work at the University of Alaska-
Fairbanks was suppaorted by the Canadian Government’s Natural
Sciences and Engineering Research Council. He was also the
reciplent for two years of & Matural Resources Scholarship
gwarcded by UAF. In addition, his research was supported hy
Meintyre-Stennis funding.

Gordaen will leave Fairbanks shortly for the University of
Guelph in Guelph, Ontario, where he will join the faculty as an

Dr. Andrew M. Gordon

assistant professor of forestry. He will be working on riparian
vegetation ecology, agroforestry, and forest-nitrogen cycling
relationships.

Gordon continues a family tradition in his choice of ca-
reers: his father, Alan G. Gordon, is a forester working on
forest-nutrient cycling relationships for the Ontario provincial
government. He also serves as an adjunct professor of forest
genetics at the University of Toronto
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