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Alaska and the Hatch Centennial 
The year 1986 is a historic one for the Agricul-

tural and Forestry Experiment Station, University 
of Alaska-Fairbanks. It marks 80 years of service 
by the station to the citizens of Alaska. 

Early m the history of Fairbanks the local people appealed 
to the U.S. Department of Agriculture to provide an agricultural 
experiment station nearby. In response, a federal station was 
established four and one-half mfles northwest of Fairbanks 
in 1906. In addition. the Department of Agriculture established 
an experiment station near Palmer in 1915. In 1931, tflese 
facilities were transferred to Alaska's Land Grant institution, 
the Alaska AgrlculturaJ College and School of Mines, which 
opened In 1922 on a site adjacent to the agricultural experl· 
ment station near Fairbanks. In 1935, this institution became 
the Unlversffy of Alaska. 

Today the original federal experiment stations near Fair-
banks and Palmer are research farms of che Agricultural and 
Forestry Experiment Station School of Agriculture and Land 
Resources Management, University of Alaska-Fairbanks. This 
organization within Alaska's Land-Grant university stems from 
the Hatch Act of 1887 which authorized payments on a formula basis to each state that estabflshed 
an agricultural experiment station within Its Land..(3rant college. Each station was to engage In sys-
tematlc sclentinc study of problems relating to agriculture within the state. In subsequent acts, Con-
gress extended the Hatch Act to Alaska. Thus, along with Its counterparts In other states, the Alaska 
Agricultural and Forestry Experiment Station Is part of an integrated network of agricultural research 
in the Unff.ed States. On page 4 of this Issue of Agroboreelis, Dr. Afvin L. Young of the Office of 
Science and Technology Polley outlines the Importance of the Agricultural Experiment Station System 
In meeting the challenges of the future 

In 1987 the Agricultural and Forestry Experiment Station at the University of Alaska-Fa1rbanks will 
join with other state agncultural experiment stations in commemorating 100 years of agncultural re-
search by the national system of state agricultural experiment stations. The Hatch Act Centennial 
Itself will be Initiated on March 2, 1987, In Washington, D.C. and will include an exhibition of agricultural 
research at the Smithsonian Institution. State agricultural experiment stations have an excellent record 
of helping American agriculture meet the food and fiber needs of our nation and many other parts 
of the world. Research at these stations has helped farmers, foresters, and other land managers 
solve problems related to pests diseases, climate, weather, and shifting market conditions. In our 
complex soc;ety, such continuing challenges constitute a mandate for a strong state agricultural 
research system and demonstrate why this system Is essential for our nation. 

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

Agruboreali!o 

c?.-, .... V · Ur-rw 
James V. Drew 
Dean, School of Agriculture and Land Resources Management 
Director, Agricultural and Forestry Experiment Station 
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Federal Support of Agricultura Research-
A White House Perspective 

By 

Alvin L. Young, Ph.D. · 

My grandfather was a wheat farmer m eastern Colorado. 
What God-forsaken land in whrch to raise a fami ly of five 
girls and one boy. But grandfather was proud to be not JUSt 
a wheat farmer but an Innovative farmer. In 1909 he went 
on horseback to Duluth, Minnesota, (no easy trip in those 
days) just to purchase a newfangled "Automobile." In his 

Now agnculturaJ sc1ence is on the verge of a new step 
in harnessing and using our knowledge for the betterment 
of mankind The methods and products of biotechnology 
will change the face of our lands and the very fibers of our 
soc1ety. We In agnculture do not follow- we lead On us 
rest the responsibilities or uslng th1s new knowledge to help 

teed, clothe, and provide shelter for new 
generations of mankind. 

How is it, you may ask, that we have 
advanced so far 1n our research pro-
grams wh1le sctentists in other countries 
still struggle to bring the1r nations to 
levels of self-sufficiency? The answers 
lie in our recognition of the value of In-
novation, competitiveness. and vision. 
Given tools and the opportun1t1es to 
learn, from our minds Will come in-
novative ideas. 

1909 Holsman he returned to Colorado. 
His automobile was a star attraction In 
his community-and with confidence In 
that new technology. he pursued design 
and construction of one of the first "Self-
Powered" harvesting machines. By 
1925, Grandfather ran harvest crews 
and machines that moved with lhe 
season from Texas to Canada. In his 
community, he was the first to employ 
new techniques and products. During 
his days as a farmer he forged crop rota-
tion schemes for the neighbors and was 
the first to try rock fenllizers He kept on 
hrs desk the current issues of the Sears 
and Wards catalogues, and rt was a 
delight for him to see the changes that 
were occurnng 1n h1s soc1ety 

Dr. Al'vln L Young 

Our American farmers account for 
less than three-tenths of one percent of 
all the farmers in the world. Yet today, 
each American farmworker produces 
enough food end fibor for himself and. 
75 others; more than one third of whom 

When my grandfather was 80 I was just a young boy, but 
I shall never forget that "819 Norweigen" teaching me about 
raising chickens and how to take care ot the property on 
his remaining homestead Pnor to h1s death at age 93 In 
1969, he shared w1th me same reflectiOns on his life. He 
was proud to say that in his lifet1me he saw the advent of 
the automobile, the airplane, the harnessing of the atom, 
and men walking on the moon. He was proud that I was 
an Agricultural Scientist, :md that I would follow h1m and 
meet the challenges of a new day. 

-Senior Polley Analyst for Life Sciences, Offieo ot Science 
and Technology Polley, Executive Office ot the President, 
Wasllington, D.C. 20506. 
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live in some other part of the world. Clearly the U.S. farmer 
is the backbone of our agricultural Industry, but much of 
the cred1t for making this industry the most productlve In 
the world must go the the agricultural programs of our land-
grant umversities. These umverslties, through their 
research and education programs, prov1de the knowledge 
for progress 

Before the establishment of the land-grant system, there 
was nothmg uniquely American about higher educat1on on 
this continent, even though we have had htgher education 
inshtutions since the 1630s The University of Georgia was 
the ftrst state-chartered tnsmullon of higher leam1ng, and 
the University of Virginia was the first tax-supported col-
legiate institution In America But when the doors or the 
University of Vtrgima opened under the leadership of Presi-



dent Thomas Jefferson •n 1824, there was nothing special 
about the curricula nor the structure of the university that 
made il any different from most of the universittes o1 
Europe. However, things were soon to change. 

It was in i 862 that Justin Morrill's "Land-Grant Act" was 
signed into law (the same year the U.S. Department of 
Agnculture was established). Twenty~five years later, an In-
genious approach to research was established, specifical-
ly, our State Agrlcultural Experiment Station System with 
stations 1n every state and territory, characteriZed by decen-
tralized management, shared funding, and the practical ap· 
plication of scientific principles It is refreshmg to see that 
the concepts upon which this system was estabhshed near-
ly a century ago seem to be even more appropriate as we 
approach the second century. 

A quarter of a century after the establishment of the Ex­
penmenl Station System, a parallel program was estab· 
lished lor Cooperative E.ldens•on, a system dedicated to 
assembling and dlssemmating the newest knowledge in a 
usable form to the farmers and ranchers of America. My 
own family as well as our contemporanes have benefited 
over the decades The research community has had 
numerous other programs. Including the Mcintire-Stennis 
program for forestry research. the Evans-Allen program for 
the Colleges of 1890 and Tuskegee Institute, animal health 
research, marketing research. and research on en-
vironmental concems. All of lhese were coupled through 
the land-grant system to the teaching programs of those 
instttutions 

In 1898 an Agricultural Experiment StatiOn was estab-
llshad at Sitka in the Territory of Alaska with the respon-
Sibihttes of supporting resource management activrttes In 
1995, the Alaska Agricultural Experiment Station became 
one of only three 1n the nation to mclude the responslbihhes 
for forestry, thus becoming the Agncultural and Forestry 
Experiment Statton. 

During 1984 and 1985, In meetmg my responslbihty as 
the Agricultural Research Advisor to Dr. Jay Keyworth, the 
President's Science Advisor I have visited many of our 
Land-Grant Institutions and our Federal Agricultural 
laboratories. Doom and gloom have not been what I have 
seen. Indeed, what I have seen IS lhe lmense Interest and 
enthusiasm of young men and women leaming to use the 
tools of biotechnology. Clearly, technological changes are 
occurring at mcredible speed. I ha\le noticed how quickly 
the new generation has become computer oriented Indeed 
computerized intormatJon systems are creating a revolu-
tion In tha dissemination ol research results and the 
marketing of farm products. Yet, the most critical hallenge 
at these institutions must be the development or our na-
tion's human resources-our young men and women. Their 
shoulders w1ll carry the burdens of our mistakes and the 
glories of our successes. 

There is no doubt that the agricultural scientific communi-
ty must attract and train the men and women whose sktlls 
Will be needed In such areas as molecular genetics, sys-
tems analysis, engineering, plant sc1ences, mternatlonat 
marketmg, animal health, and human nutritiOn. For our 

rarms to improve their etflclency and for our nation 10 com-
pete successlully in the global marketplace, we Will depend 
on the laboratory, the research stations, and the classrooms 
to develop and disseminate the most valuable of all tools-
knowledge. 

For these changes to occw, however, the transition that 
the scientific community must undergo wiU tai<e more than 
ability and hard work. U will take a heavy hnanctal commit· 
ment and a proper environment to encourage innovat•on, 
competitiVeness. and vision. This means a recommitment 
of Federal and State fund1ng for research. This Is especially 
true for the si1uahon now facing plant and ammal sc1ences 
Two decades of minimal Federal. State, and Industrial sup-
port for these sciences has left this nat1on an infrastruc-
ture inadequately prepared to capitalize on the recent ad-
vances made in modem biology. The fact Is that mimmal 
Federal support for research has contrlbutea to: 
• Arl economic pltght of agncultural enterpnses dependent 

upon such natural resources as our rangelands ana 
forests. 

• Environmental concerns ansing from real and perceiVed 
perturbations to rangelands and forests 

• A dechne m slze and quality or our professional scien~ 
tiflc cadre. 

• A dechne in student enmllmenl 
As w1th other areas agricultural research, we are, as the 

econom1st would say, "spending the principal at a faster 
pace than the Interest IS accrUJng." 

New knowledge has to be discovered. New technologies 
need to be developed and perfected. New generations or 
scientists, engmeers, technicians, and managers have to 
be educated. For decades now, !he nation's research and 
educational establishments have been pressured to create 
a constantly Increasing base of scientific knowledge, 
technological innovations, and well-qualllled manpower. 
Pressures have been strong, and successes have been 
notable But the wellspring of fundamental knowledge trom 
which new management systems must be deriveo is no 
longer adequate to assure continuing success. If the qual,ty 
of natural resource management is to conunue to improve, 
the present state of theory and understanding of complex 
systems must be advanced. 

I could go on with numerous examples which would il 
lustrate that we are in the m1dst of a scientific and techno-
logical revolution which 1s unmatched in history. We are 
now collecllng dividends on the investments we made In 
bas1c research after World War 11. The encouragrng con· 
elusion is that thrs revolution ts one that we created and 
it Is one we ought to be able to sustain. 

Some people seem to see only the danger In technologt-
cal change and allow this fear to play into the hn.nds of peo-
ple who have other motives. They then use the fear to slow 
or stop progress. We of course would not advocate pushing 
the frontiers blindly or throw1ng caution to the wmd. In tact, 
this is one of lhe reasons to make sure that groups of re-
searchers are interdisciplinary; that they consider the eth1· 

Continued on page 7 
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Notice of Release of 'Nortran' Tufted Hairgrass 
By 

Will iam W. MitcheW 

Tho Agricultural and Forestry EKperiment StatiOn, Univcr· 
sity of Alaska Fairbanks, announces the rele.ase of '.Nor-
Iran', a culttvar ot tufted hairgrass [Deschamps1a caesp1tosa 
(L.) Boauv] The new variety Is recommended for revegeta-
tion use, for low-maintenance ground cover, and, under 
some circumstances, tor forage or pasture use at northern 
latitudes Nortran IS believed to be the f1rst cult1var 
developed or this species of grass; however, 'Norcoast', 
a cultivar of ll G osely related species Bering hairgrass 
(0 beringensis Hu ten), was prevtously released by this ex-
penment station. 

Nortran 1s tul1od grass with most of 1ts leaves produced 
in a basal clump. Flowermg culms are numerous and have 
relatively long, diffuse lnfloresc nces Nortran tufted 
halrgrass tends to have shorter, narrower leaves that are 
darker green than those of Norcoast Bering halrgrass. ln-
tlorvscences of Norcoast are straw colored, whereac those 
of Nortran are more vanable but ofton are bronze to 
gunmetal in color and generally are shorter, as are the 
splkele' parts. Inflorescences of Nonran are produced erect 
above the leaves, thus seed harvest is readily accomplished 
wtth a comb1ne. Seed production of 150 to over 200 lbs per 
acre (170 o over 225 kg/ha) can be expected. 

Tufted hairgrass IS O!Str buted widely through circumpolar 
reg1ons; it occurs from the north coast of Alaska southward 
through the Rocky Mounta1ns of the western states. In 
Alaska, tufted hairgrass is mostly an inland grass wh.tle Ber-
Ing hatrgrass is estricted to the coastal areas and Islands 
of the western to southeastern portions. 

Nortran tufted harrgrass is based on Indigenous plant col· 
lecllons made m Alaska and Iceland. Breeding material for 
Nortran is a compostte o four components. lAS 239 de-
nved from a collection at Galena on the Yukon Rlvm. lAS 
458 derived from .1 ... ollectiOn In the Talkeetna mountaan 
range north of Palm~'~r, 'md lAS 371 and lAS 284 derived 
!rom collech Jn& made en Iceland. Each component as seed-
propagated in isolatiOn , and the breeder matenal com· 
poSlled of amounts of pure, liv seed equalling 30 percent 
of lAS 371 20 percent of lAS 284, and 25 percent of each 
of the other two components 

The components have been tt..,t&d In r~vegetatton tri~ls 
on coal spo•l materials at stnpmlne locations m central 1n· 
terior and southcentral Alaska and 1n foragG trials at various 
locations In southcentral Alaska and interior Alaska. One 

• Profeasor of Agronomy, University or Alaska-Fairbanks. 
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The tufted nature and abundant heading characteristic of plants 
of 'Noruan ' tufted hairgrass ore ev1dent here. The rwo plants pic· 
rured above are pnrents to one of the compononts in rhe bre6dlng 
material of Nortran. Trials with tho components of Nortran have 

hown adaptations lor revegerarion and ground cover usss and 
possibly far forage purposes m somo Situations. 

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

These tests demonstrate posstble revegetation uses for 
Nortran from low elevat1on to alpine situations through the 
southcentral to central mtenor portions of Alaska. Its aJ)-
plications 10 the more northorn to Arct1c regtons of Alaska 
are not well def1ned and may be marqlnal, particularly in 
lhe Arcbc The cultwar can tolerate strongly acrd1c so1ls and 
appears resistant to rusts and snow molds that may affect 
cultlvars of Kentucky bluegrass and red fescue. Nortran has 
the ability to reseed 1tself on disturbed s1tes Its short, but 
porsistent, growth under a I )W fertility reg1me suggests a 
possible use tor Nortran as a low-maintenance ground 
cover. 

In forage tnals under a two-harvest system on ac1d1C S?lls, 
Nortran components generally have not equalled the first-
harvest yields of timothy but have provided better regrowth 
and sometimes more total production The single compo· 
nent entered rn turf tnals has shown excellent persistence 
under frequent mowmg. These tnals suggest an adaptability 
to grazing use. Trials have not been co~ducted, however, 
on its acceptance by animals. The spec1es IS grazed In the 
Rocky Mountains and m Iceland, where it also is cut for 
forage; It may be utilized lsAwhere, as well. 



A small amount of breeder seed currently Is available for 
increase Seed classes of Nortran are limited to· breeders, 
foundation, and certified Breeder seed is maJnta1ned under 
the superv1s1on of the Alaska Agncultural and Forestry Ex-
periment Station Increase of breeder and foundation seed 
1s admmistered through the Alaska Seed Growers, Inc, 533 
E. Rreweed, Palmer, AK 99645 
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A While House Perspective, continued ... 

cal and environmental consequences of research as they 
proceed and produce outcomes whiCh have built-In safety 
nets. What we fear Is that the adversary systP-m of recent 
years w1ll otherw1se rear its head, and that we as a nation 
will be forced to make dec1s1ons based upon oratory and 
legal maneuvers rather than upon log1c Many of us believe 
that such uso of fear, for whatever purpose, could cause our 
nation not to take advantage of the tremendous technologi-
cal strength we have 

Our aim, 1n th& office of Sc1ence and Technology Policy, 
thon. 1s to support mitiattves whtch manage change well, 
which catalyze opportunity so that rt in tum has max1mum 
likelihood to contribute long-term economic growth. 

In state governments we are witnessing an Investment 
In c;conomic growth that Is coupled w1th a re-emergence 
olmtPrest m quality education. Nearly every time a legislator 
talks, he po1nts to Route 128m Boston, or to S1hcon Valley 
In Cahfornra, or to the Research Triangle in North Carolina 
as proof of how economic development is tightly coupled 
to quality higher education. 

And students are begmning once again to return to the 
fields of sc1ence and technology. They can see the future 
and, smce the media are no longer reternng to them as the 
" me' ' generation, 1t can't be srmply for selfish reasons. 

We are also seeing industry support for the concept ot 
research in univerSJtres even w1th some of their prectous 
operating dollars Almost all business is recognlztng the 
need to have long-range research of the highest quality go-
ing on in unMnsities, not for the trained students (and I use 
that word carefully), but for the educated students they pro-
duce and lor the tree environment whlch allows research 
to proceed where it will And finally Industry has understood 
that it cannot gain for long if it simply hires away the facul-
ty for its own (usually short-range) programs. Industry 
recognizes how important the university technical base is 
to its future and how It is trying strengthen the research 
capability on campuses and to share Its perspectrves on 
Important areas of research. 

and to the Alaska Dtv1slon of Mtnes and Mining lor its sup-
port m the contmuatlon of that research, also to the Usibelli 
Coal M1ne, Inc .. and to Placer Amex, Inc .. tor their support 
and cooperation in providing access to and use of stripmme 
locations on which to conduct the research. The coopera-
tion of the Agricultural Research Institute of Iceland and 
in particular of Dr. Thorste1nn Tomasson and Dr. Bjom 
Sigurbjornsson made poss1ble the inclusion of Icelandic 
germplasm In this cultlvar, for which I am grateful. Spacial 
thanks go to my valuable assistants in the field, laboratory, 
and olffce, wtthout whom lhe work necessary to produce 
this cultivar could not have been accomplished. 0 

The challenges confronting us in Agricultural Research 
are great. But challenges to us are opportunities! Rather 
than pamting a negative plcture, r chos~ to pamt ror you 
a positive view. I'm positive bocause I see among you 
leaders who meet challenges. Alaska ts a land of challenges 
and most of you would not be here today If you were not 
prepared to face Lhose challenges. You folks are bndge 
builders-Individuals who respond not to the needs of the 
scientJfic community but to the needs ot your state and our 
nation 

let me end by telling you what Mr Will Dromgoole 
describes as "The Bridoe Builder. II 

An old man going a lone h1ghway 
Came at evening cold and gray 
To a chasm vast and deep and wlda 
The old man crossed in the twilight dim, 
The sullen stream had no fears for him 
But he turned when sale on the other s1de 
And burtt a bridge to span the Ude. 

"Old man, II sard a fellow pilgr1m near 
"You are wastmg your time with building here 
You never agam Will pass th1s way -
Your journey will end with the clos1ng day. 
You have crossed the chasm deep and wide 
Why build you thts bndge at even11de?" 

The bualder lifted h1s old gray head 
'Good friend, in the way that I've come," he said , 
' 'There tolloweth .lfter me lodav 
A youth whose feet must pass this way 
This stream that has been naught to me, 
To the lair-haired youth might a pitfall be. 
He, too, must cross in the lwillght dim; 
Good friend, I'm bullding lhe bridge for him " 

editor's note: The foregoing Is the teKt of an edd!ess deliverCJd on 
November ?2, 1985, at the Elgtrth Annual AJask8 AgrlcJJitural Sym-
posium. held al Fairbanks. Alaska 
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A new $2.2 mllhon research laboratory has been com-
pleted and is operatmg at the Matanuska Research Farm 
near Palmer The 1 2,800-square-foot facthty was completed 
1n July 1985 and replaces the obsolete lab tac11i11es at the 
Palmer Research Center. 

The lab analyzes soil, plant t•ssue, mHk, ammal feed, 
water, waste 011, and wildlife fecal samples. The lab pro-
vides analytical serv•ces to over fifty umversity research pro-
jects find state, Federal, and private consulting and min-
ing companies as well as out-of-state Interests In addition, 
servtces are provided for Cooperative Extenston Service 
so•l· and feed-testing programs. There were 17,000 soil and 
plant tissue samples analyzed m FY 1966, w1th more than 
75,000 total determinatiOns. AFES cooperates w1th the 
Northcentral Lab Committee and Western Reg1onal Soil 
Survey Committee to calibrate and modify procedures and 
to ensure quality The ~acihty provides for horticultural and 
plant pathology lab work as well The operatiOn provides 
for lha consolidation of the station's expens1ve laboratory 
analytical work 1n ont) urea In order to help mitigate the cost 
and operation of expensive, up-lo-oate procedures. 

Lee Allen, associate professor of agricultural engineer-
ing, retired from the Agricultural and Forestry Experiment 
Statton, Palmer Research Center. on January 31, 1986, 
after thirty years of serv~ee. Professor Allen has an 
agricultural engineering degree from Montana Stare Univer-
sity. He was act1ve in gathering Alaska weather data and 
relatmg observed weather parameters to plant development 
and quality; evaluatmg energy-effiCient structures and in-

vastlgating renewable energy sources and their application 
to Alaska's high lalttude agricuiiUre through the use of 
plastics, solar ventilators and heat sinks: and handling 
agncultural engineering problems tncludlnq low-cost gram 
drying. wood treatment, building ventilation and land-
clearing methods. 

Two long-IJme employees ftorn the Palmer Research 
Center support staff have ret'red smce the last publication 
of Agroborealis Sud Patton, agricultural superv•sor tor 
plant breeder Roscoe Taylor, began working for AFES at 
Palmer'" 1959 and rettred October 1985. Mr. Patton bUilt 
up c remote homestead aero~ the Uttle Sus1tna River while 
working at rhe station HIS support to agricultural research 
provided a significant contnbut on to the many vaneties of 
grains and grasses that have been developed at the Palmer 
Research Center dunng his twenty-six years of employ 
ment 

G enn Smith, laboratory technician, retired September 
1985 after 18 years of serv1ce to the Palmer Research 
Center. He provided a substantial contnbution to aqrlcul-
tural research and service to agriculture by operattnq the 
old lab m downtown Palmer. Most of his servrce was work-
Ing with Winston Laughlin, soil scientist w1th the 
Agricultural Research Service, who retired recenlly after 
thirty-frve years at servico. 

. . • Continued on page 30 



Use of a Plant Growth Regulator 
On Barley to Prevent Lodging 

By 

Ann J . Rippy• and Frank J . Wooding• • 

Introduction 

Resistance to lodging, or the capacity of stems to with-
stand the adverse effects o f rain and wind is a desirable 
characteristic 1n grain crops Lodging can reduce yields by 
restncting translocallon of nutrients rrom leaves and stoms 
to developmg gram heads. Yields may also be lowered by 
the loss of grain In tho field due lo failure o f harvesting 
machines to p1ck up low-lying grain heads. Lodged grain 
dnes more slowly tn the fie ld, which in tum. delays harvest 
operations, Increases after-harvest drying costs, and, in 
some cases. may result In lower-quality gra1n (Pinthus 
1973). 

Very early-maturing varieties are essential ior successful 
barley production In northern latitudes. Lodging IS a con-
Sistent problem with these vaneties, particularly when try­
Ing to ach1eve high y1elds. Thus far, breeding programs 
have been unable to mcarporate stlff-strawed charac· 
tar1Stics with early maturity. 

Ethaphon sold under lhe trade name Cerone , is a plant 
growth regulator which can effectively reduce plant he~ght 
and tncrease stem diameter 1 Reduced plant height and 
Increased diameter can mcrease straw strength and pre· 
vent lodging in barley (Wooley 1980). Cerone shortens the 
last Internodes of the stem, particularly tne one just below 
the grain head (Squires et al. 1980) Tho chemical breaks 
down inside plant tissue to farm the natural plant hormone 
ethylene whtch reduces cell division and cell elongation 
(Wamer and leopold I 968) Cerone is applied between the 
time the l lag leaf is first visible and the swollen boot stage 

'ThiS product is manufactured by Un•on Carbide and has been 
used In EuroP<J for several years. 

"Graduate research assistant, Agricultural and Forestry Ex· 
perimenl Station, Fairbanks. Currently with the USDA Soli 
Conservation Service, Fairbanks. 
• •professor of Agronomy, Agricultural and Forestry E~tpetl­
ment Station, Fairbanks 

Preliminary investigations with Cerone were conducted 
at lhe Fairbanks Research Center of the Alaska Agricultural 
and Forestry Experiment Stat1on during the summer ol 
1984. In these studies, the effectiveness of th1s chemical 
as an antilodginq agent for barley was tested when applied 
at different rates and at different stages of growrh. The 
studies were conducted on a Tanana so1l under dryland 
conditions. ·otra' barloy was selected as the test ariety 
as it is prone to lodging. All treatmenrs received uniform, 
h1gh applications of fertilizer . 

Rate of Cerone Application 

Barlay was subjected to spray applications of Cerone dur· 
ing the early boot stage of growth. At this stage of growth. 
the flag leaf Is emerging and the immature grain head is 
located in the lower portion of the stem and IS not VISible 
unless the stem Is tom apart. The chemical was applied 
at rates of 0 0 0.5, 1 0, 1 .5. 2.0, and 4 0 pints per acre. 
The manufacturer recommends 1 .0 pint per acre 

Gram y1elds. lodglng estimates, and plant heights for the 
Cerone treatments are presented m Table 1. The control 
treatment, receiving no Cerone, lodg~d severely. For this 
study, Cerone rates of 1.5 pints per acre or higher effec-
tively controlled lodging Lower rates of application reduced, 

Table 1. The effect o! Cerone rate on grain yield, lodging, and 
plant height ot '01ra' martey. 

Cerono Rata Grain Yield• L.odg1ng 1 Planl Height, 
(plnlslacre) (bulncre) (%} (Inches) 

~------~~------~--~ 
0 102.1 70.1 413 

OS 12182 38.82 385~ 

l 0 115 :F 30 l:t 35 .3· 
1 5 105 5 5,02 33.52 
2 0 100 0 5.07 33.32 
4 0 99.5 3.82 31 82 

lEach number Is ltle mean o~ lour to:~phcahons ol !hal treatment. 
2lndicates s1gnifir.ant dltlorence trom tne conllol at m: ~ . tO. 
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Cerone 

no Cerone 

F1gure 1 Barley plants wM;h rocelv!itd a foltBr applicatiOn or Cerona rommn uprtght from tha baglnnlng of r~pflning tupper left) to tully 
ripe (upper r~ght) Barley plums whtch received no Csrone are starling lo lean dunng the early npen/ng growtft stage (lower leN) and 
are seveteo/ lodged by the tlme rlpenmg ls complete (lower right). 

1 0 Agruuoreall s 



but did not prevent, lodging. However, it was the two lower 
rates of Cerone that resulted In higher grain ytelds. The 0.5-
and 1.0-pinl rates produced grain ytelds that were 19.3 and 
12 9 percent greater than the control treatment. respectiVe-
ly. Cerone rates of 1 5 ptnts per acre or greater had no 
1011ceable effect on y1eld. 

The reduced lodg1ng resulting from use of this chemical 
is primarily due to tncreased stem diameter and decreased 
stem hetghl (Wooley 1980) Figure 1 Illustrates the relative 
plant height reduction and control of lodging whtch can 
result !rom Geron& appllcat•on. Application rates of 0 5, 1.0, 
and 1 5 pints per acre resulted In height reducttons of 6.7, 
14.5 and 18.8 percent, respectively. Cerone rates greater 
than 1 .5 pints per acre had little additional effect on plant 
height . 

Time of Cerone Application 

Cerone was foliar applied at qrowlh stages 5, 7, 9, 10, 
and 10.1 of the Large-Feekes scale Illustrated in F1gure 2. 
The manufacturer recommends application of Cerone be· 

tween growth stages B and f 0 , Cerone was applied at the 
manufacturer's recommended rate of 1 pint per acre The 
control treatment received no Cerone Grain yields, percent 
lodging, and plant heights tor each stage are listed 1n Table 
2 

Cerone applied at the two earliest growth stage& (stages 
5 and 7) resulted in the highest gra1n yields, even though 

Table 2. The eHect ol Cerone appllea at dltferen' growth 
stages on grnln yield, lodging, and plant height of 'Otra' 
barley. 
Growth Stage 
(Large-Feekes Grain reid> Lodging· Plant Helght' 

scale) __ --.:{_bul_a_c_re..;.) _ _ _ _ o. il) _ _ _ __:l:.....in_c_lles_J_ 
Control 103 9 60.0 40.8 

~ 111 2 70.0 40 5 
7 112 0 5~.0 38.02 

9 109 5 40.0 36.52 
1 0 105 4 35.0 38.52 
10.1 108 8 32 52 37 52 

1F.act. numbor is the mean o~ four replications for lhettraatmenl. 
"lr~dicates significant drfferanca from lh .. control .u ~· • 10. 

.,. __ ---Stem oxrun1ion-----+- Stags lD or; 

Flo ... errng 

- ---llllar nG-------1 Stage 9 
Lui leal 

Staga 10 1 

Figure 2. Growth Stages of barley from seodlmg emergence to maturation (referred to as rh~ Large-Feekes scala). The arrows show 
the location of the growing pomt of inflorescence in stages 6to 10. {From Growth Stages in Cereals by £.C. Large. 1954 IN· Plant Pathology 
3:128 129. Redrawn with permisSIOn of Her Bntannlc Majesty 's Stationery Office and the publiShers of Plant Pathology] 
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application at that t1me had only a shght effect on lodging 
and plant hoighl lt should be noted that test plots were 
harvested by hand 1n fie ld situat1ons. it is probable that the 
:ncreased yields at stages 5 and 7 would be lost due to pro-
blems •n harvesting lodged gram. 

lodgmg was effectiVely reduced when Cerone was ap· 
plied at growth stage 9 or later. ApplicatiOn at stages 9. 10, 
and i 0 1 resulted 1n lodging reduct1ons of 20, 25, and 27 5 
percent, respectively. 

Results are Promising but 
More Research is Needed 

Results from this investigation Indicate that Cerone may 
provide substantial benefits for barley growers in Alaska. 
However, additionallnformetion is needed to more clearly 
define the benefits and l1mitat1ons of th1s product Th1s 
research was performed on only one barley vanety at only 
onu location and does not account tor yearly variatiOns in 
weather. Results for 1985 field tnals md•cated that weather 
may lnrtuenca tha effectiveness of Cerone. Specifically, 
cool, wet weather at the time ot application may drastically 
reduce the response of barley to Cerone. 

Additional studies should be conducted to determine the 
effects of Cerone on diHerent types and vanet1es of barley 
recommended for Alaska There 1s also a need tc deter· 

12 -\grohorf"ill i ~ 

rnine the effects of 1irrigation and increasing level~ of fer-
tilization on the amount of Cerone needed to control lodg-
ing. The economics of using this product should also be 
examined If Cerone can Increase y•elds by allowmg h1gher 
levels of irrigation and fortilizahan without Increasing th& 
risk of lodging will the financial returns outweigh the add I· 
ttonal expense? These questions are currently under in 
vestlgatran at the Agricultural and Forestry Expenment 
Statton l 
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atural Selection May Modify 
Introduced White Clover 

Toward Superior Winterhardiness 

By 

Leslie J . Klebesadel" 

The valuable contribution of legume forages to livestock 
production has been recognized since anctent times; lh1s 
recognition and the widespread use of legumes continues 
throughout the world today Forage legumes are valued for 
their good palatability and high nutritional value. The nutn 
tional excellence of legumes deriVes in pan from their abil ity 
to capture atmosphenc nitrogen With the assistance of 
beneficial symb1otic bactena (Kiebesadel 1 978). The 
nitrogen thus mcorporated into legume plant tissues con-
tributes to the high protein concentrations in legume her-
bage Not only do legumes benefit directly from th1s vital 
capture of mtrogen, but roots of grasses growing in associa-
tion with nllrogen~fixing species are able to draw upon and 
benefit from the fixed nitrogen as well. 

Herbaceous legumes are valued also for purposes other 
than pasture and forage. Tho low-growmg white clover 
(Trifolium repens L) often is Included In lawn seed mixtures. 
and white c lover and several other legume species are m-
cluded In seed rnrxrures planled for revegetation, control 
ol soli erosion, a.nd ornamental purposes. The flowers of 
legumes provide bees with nectar and pollen, and many 
types of wildlife feed on legume herbage and seeds 
(Graham 1941). 

Native Alaskan Legumes 

Alaska's nat1ve flora Includes a wealth of herbaceous 
legumes (Kiebesadel1971a} . About fifty species occur in 
the state, and they vary m growth form from tmy, tufted 
typos to some that are tall and loafy. Most are classified 
w1thin the two genera Astragalus and Oxytropis, but a few 
spec1es occur within certain other genera (Lsrhyrus. 
Hedysarum. Lupinus. and Vicia). 

• Professor, Agronomy, Agricultural and Forestry E•petlment 
Station, Palmer. 

The many native legumes are a valuable element in the 
total flora. They occur m numerous habitat types trom 
shorelines to Interior forests, and from low-lying tundra to 
alplne s1tes. Some serve as 'pioneer" species on river 
gravels lett by glacier retreat. and all contribute hxed 
nitrogen to their respectrve ecosystems (Allen et al. 1964, 
Alexander et al 1978). All possess ideal physiologic adap· 
tation to Alaska's subarctic climatic pattems and most are 
very winterhardy here (Kiebesadel 1971 a, b, 1980). 

None of Alaska's nat1ve legumes, however, are species 
valued for cropland forage production . Numerous native 
species judged Initially to have potential tor forage produc-
tion potential have been evaluated in experimental studies , 
but all possess from mmor to major agronomtc defects thai 
affect their usefulness (Klebesadel 1971a). Attent1on 
therefore has bean directed toward ident1fytng the best 
adapted and most winterhardy stra1ns Within other legume 
species that have been used tradit ionally for forage pur-
poses elsewhere 

Figure ·t. An inC1rviduel plant of white clover. Phoro taken 29 June 
when plant was In full bloom Pen prov1oes srze companson. 
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Winterhardiness Problems 

In contrast to Alaska's native legumes, introduced 
legumes that are useful and valued as livestock forage In 
Ol.her areas of the world generally are not adequately 
w1merhardy when grown in field culture in Alaska (lrw.n 
1945; Klebesadel 1971 b, 1980, 1985). 

A number of species of forage legumes have been in-
troduced 1nto Alaska and have ' escaped" from field culture 
to become naturalized. well established, and persistent 
populations. especially along Alaskan roadsides. However, 
there are slgnaftcant and critical differences between the 
w1nter stresses Imposed on plants that grow in roadside 
hab•tats and those that grow in adjacent fields. Therefore, 
simply because a plant thnves alone Alaska's roadsides 
or 1n other unharvested s1tuat1ons does not ensure that It 
will perform equally well 1n cropland use. 

Tho d•fferences In stresses between roadsides and fields 
are due to both artificial and natural effects. Harvest1ng of 
field-grown plants once or twtce per growing season can 
1mpose considerable stresses on food reserves and 
physiologic processes wrthin the plants, stresses not ex· 
~erlenced by unharvested roads1de plants. Furthermore, 
t1eld-grown plants usually are left w1th only a short stubble 
at the end of the growmg season, and strong winter winds 
can remove wtually all of the protective mantle of snow. 
In roadsides or other undisturbed habitats, tall plant growth 
holds the protective snow in place, and plants there are sub-
Jected to much less wmter stress. A few to several inches 
of insulating snow cover over plants protects tholr over-
wintering organs from dehydration, from injuriously low air 
temperatures, and from harmful warm temperatures dur· 
rng freeze-thaw fluctuations that often occur locally Warm 
temperatures dunng winter can break the dormancy of 
plants. If a warm period is prolonged, the protective snow 
cover can melt and refreeze as a layer of 1ce. Ice is greatly 
inferior to snow as Insulation over plants; moreover, pond-
ed tce can cause smothering of plants. 

Even wrthrn a single lawn the protectrve influence o snow 
can be seen. White clover wtll survive In Matanuska Valley 
lawns where wind patterns leave drifts of snow In place all 
wmter. In immediately adjacent lawn areas swept bare or 
snow, however, white clover commonly winterkills 
completely. 

Throughout Alaska, numerous roadside populations of 
introduced legumes have persisted successfully tor many 
years. White clover is one of the species frequently seen. 
Dasp1te be1ng subjected to somewhat lesser winter 
stresses, theso roadstde legumes have nonetheless been 
exposed during a long term of residence to Alaska s 
un1quely north-latrtude climatic condittons. It is qwte possi-
ble that the effects of natural selection pressures over many 
plant generations could alter their genetic makeup toward 
heightened physiologic compatibility with the specific 
seasonal photoperiodic patterns and temperature stresses 
in this northern area. Such increased harmony between 
plant and enwonment could lead to genotypes of whrte 
clover that possess winter survival characteristics superior 

to that in strains or vane ties brought to Alaska directly from 
vanous other world sources 

White Clover Characteristics 

White clover is one of about 250 species m the legume 
genus called Trifolium (Carlson et al. 1985) II is a long..J1ved 
perenmal under favorable growing conditions Plants 
spread both vegetatively oy extension and branchrng of the 
prostrate stems. called stolons (fig. 2), and by the produc· 
lion of seeds. 

The only aenal or elevated portions of the plant are the 
white, ball-shaped flowers on slender stalks and the profu· 
sion of leaves. each of which consrsts of a petiole stalk top-
ped by three leaflets (fig. 2). Discovery of an occas1onal 
"tour-leaf clover" IS considered to confer good luck upon 
the finder. 

Whit{; clover is acknowledged to o one of the most 
nutntlous of th£ world's forage legumes (Gibson and 
Hollowell 1966) Because the plant's prostrate stems are 
rooted and held fast to the soil , only leaves and flowers are 
removed by harvest equipment or grazing llvt.iStock. Th1s 
herbage is very palatable, low ln fiber, and highly digesti-
ble. It is also high In protein and generally higher rn nutri-
llonally important minerals than grasses. Other benefits at· 
tributed to white clover in pastures are Improved anrmal 
health m1lk flow, calf weanmg weights, dally gains, and con-
ception rates (Carlson et al. 1985). Beyond the dominant 
use by caHie. white clover also is valued as a high-prote1n 
forage lor swine and poultry. 

White Clover Types 

Aulhontres generally recognize three main types ot white 
clover, based on s1ze ol plant parts; these are referred to 
as small, intermediate, and large, or giant. types (Carlson 
et at. 1985 Duke 1981 , G1bson and Holtowell1966) All are 
Interfertile and some lntergradatlon is apparent between 
the major types 

The small type often IS referred to AS " wild" white clover. 
It 1s common In pastures subjected to heavy graz1ng 
pressure, and It wllhstands close defoliation. Its size 
restncts 1ts forage yields, and so it is rarely seeded, but Is 
found as a volunteer plant 1n agricultural areas. It Is 
especially common in pastures In Great Bntain. 

The Intermediate type , .. intormGdlate In stze of plant parts 
between the small and large types. and includes most of 
the regional or common strains and many selected and 
named cultlvars used pnnclpally in pasture seed mtxtures. 

The large or giant, type of wh te clover is also called 
ladlno clover. All plant p...ns are larger than intermediate 
white clover except the seeds, which are the same size 
First records of ladlno clover's ex1stence date to 1848 when 
It was identified tn the Po River valley of Italy near 45 
degree~ north latitude. Records indtcate ladino clover was 
first Introduced Into the United States in 1848 (Gibson and 



Figure 2. Drawmg of whffe c-lover plant showmg ptam parts. A = loaf, consfstmg of petiolo stalk and 3 leaflets; B • flowers in different 
stages of aeveJopmanl, C Prostrate stem or to/on: D '= Float from node on stolon; E • Root nodule containmg benefjctal bacteria 
able to capwre atmospheric nitrogen for plant. 

Hollowell 1966) Owing to its Mediterranean-area origins, 
ladino clover generally l? less w1nterhardy than the in-
termediate and small white clovers. Because its growth is 
sufficiently tall for recovery with harvest eqUipment, ladlno 
1S more often Included In forage m"ctures Intended for 
mechanics harvest than are the two smaller types. Several 
named cultrvars or ladino clover have been developed and 
released 1n North America and abroad (Carlson et al. 1985, 
Duke 1981, Gibson and Hollowell 1966) 

White Clover Drstrlbution 

While clover is one of the most widely distnbuted of all 
the forage legumes. The species Is behaved to havo 
originated in the eastern Mediterranean region or Asia 
Mmor (Carlson el al 1985, Duke 1981 , Gibson and 
Hollowell 1966). Animal caravans spread while clover 
throughout Europe and western Asia. It Is believed the 
spec1es was cultivated In the Netherlands in the late 1600s, 
and It was introduced into England during the 1 700s 
(Carlson et al. 1985). 

Its distnbution throughout the world has followed human 
migratron, and the evolution and spread of white clover is 
c losely associated with the domesllcation of cattle (Carlson 
at al . 1985). Not that the only consumption of white clover 
has been by livestock- Lightfoot (1792) states "In Ireland 
the poor people, in a scarcity of corn make a kind of bread 
of the dry'd flowers of [wh•te clover] reduced to a powder. 
They call the plant Chambrock, and esteem the bread mado 
of it to be very wholesome and nutritive." 

Early colonists brought whrte clover to America. The 
range of the species In the Western Hemisphere now ex-
tends trom Alaska to southern South America. It is 
estimated that half of the 1 1 1 mtllion acres of humid or ir· 
rrgated pasturelnnd In the U.S contains varymg amounts 
of whito clover (Carlson EJt al. 1985, Duke 1981) 

Earlier White Clover Evaluations in Alaska 

The introduction of white clover Into Alaska is recorded 
as a planting at the Sitka Experiment Station in 1902 (fr-
w•n 1945). Other early plantings followed at territorial ex· 
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periment stations at Copper Center and Kena1 In 1903, 
Rampart m 1906 and 1908, Fairbanks in 1912, and the 
Matanuska StattOn 1n 1919. From these early plantings, and 
undoubtedly numerous other introductions, white clover has 
become a familiar species m many areas of Alaska From 
fielo and turf plantmgs, it has spread to many sites of past 
and present settlements and to many trails, roadsides, and 
other disturbed areas. 

Irwin (1945) summanzed early results of tnals at the 
Matanuska Station between 1919 and 1942 when a total 
of twenty-s1x vaneties ancJ strains of whrte c lover were 
evaluated Excellent stands and growth ware obtained in 
lhe seeding years, but large-leaved varieties died the first 
Winter Small-leaved, low-growmg strains ware found to be 
ihe most wlnterhardy, and they were also more palatable 
to grazmg sheep and callle lhan the larger-leaved white 
clover 

In early tnals at Rampart, Alaska's northernmost terntonal 
expenment station, wh1te c lover tnvariably winterk1lled the 
first wmter. S1mllar results occurred at the Copper Center 
and Malanuska Stattons when it was seeded alone: winter 
survtval was 1mproved at those stat1ons and at Fa~rbanks 
when the clover was seeded w1th a grass. 

Recent Alaska Collections 

Alaskan agronomists have collected seed !rom a great 
number of natrve and mtroduced legumes and grasses 
throughout the state during the last 20 years. Plants grown 
frol"f1 these seed collections have been evaluated for 
nlJmerous purposes in field nurseries at the Matanuska 
Research Farm. Some seed lots of white clover were In· 
eluded among these, and certain recent collections have 
been of specia l interest. 

White clover Collect1on AK-3 was made 1n 1980 from a 
large roadside populat1on in southcentral Alaska's 
Matanuska Valley. This area is less subject to the extremely 
low mrdwmter temperatures common 1n Alaska's lntenor, 
but 1s more subject to other stresses such as (a) wmter 
wmds that sweep away insulating snow cover and (b) wmter 
temperature fluctuations that often include m•dwinter thaws 
followed by refreezmg. 

Two other collecttons ol whrte clover seed were made 
1n 1982 at roadhouses along the Richardson H1ghway i 
Alaska s lntenor The Rrchardson Trail was an early 
transportation artery from Valdez, a sh1ppmg pOint on 
Alaska's south coast, to Fairbanks, r1 mmlng center In the 
territory's Interior Along ils 380-mtle length, a series of 
roadhouses was established for trade, lodging, and the 
pasturing and stabling of draft horses used for drawing 
wagons and sleds along the trail. 

CoJ/ecrion AK-4 was made at Bennett's Roadhouse (fig. 
3), buill near the Tanana River 1n 1904 about10 miles north 
of the present commumty of Delta Junction. Collection AK·5 
was harvested 1n the victnity fOld Richardson Roadhouse 
which was moved to Its present location In the 1920s. No 
known records exist to tndicate when white clover first 
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Flgum 3. Bennett's Roadhouse (once called Rlka 's Roadhouse) 
on the Richardson Tralf near th6 banks of the Tanana River Horses 
were pastured and stabled here near the begmning of this cen· 
rury Collection AK-4 was made near here from a while clover plam 
population that probably h8s persisted for many years. 

became established at those roadhouses. However, it 1s 
hkely that seed was mcluded In 1m ported hays or seed lo1s, 
and it is possible that white clover may have pers•sted at 
those locations for over half a century. Emphasis on draft-
horse use along the Richardson Trail dim1n1shed gradually 
with the advent of motor vehicles In the 1920s and 1930s 
These three white clover collections were mcluded in a neld 
experiment at lhe Matanuska Research Farm during 
1984-85. 

Experimental Procedure 

Fertilizer disked into a plowed Kn1k silt loam seedbed sup-
plied N, P20s. and Kz(l at 32, 128, and 64 pounds per acre, 
respectively On 18 June 1984, several strams of legumes 
wrthm lour species. and from various world sources (table 
1 ). were seeded 1n rows 28 feet long and t e inches apart. 
A randomized complete block expenmental design was us-
ed with four replications. When seedlings were 1 to 3 in· 
ches tall, they were thmned by hand pulling to leave In-
dividual seedhngs 6 to 8 Inches apart In spnng of 1985, 
when surviving plants had started to grow, l1vmg and dead 
plants were counted in all rows and percent winter survival 
was calculated for each stram. 

Results and Discussion 

Very stnking dltterences were noted 1n spnng 1985 1n 
winter surviVal among legume species, cultivars, and 
strains (table 1 ). An Alaskan strain of siberian alfalfa 
(Medicago falcata L.) and Denali, an Alaskan cultivar of 
vanegated alfalfa (M sativa L ) survtved the wmter wnh vir-
tually no stand loss. In sharp contrast. all tour culttvars of 



Table 1. Comp.amt.lve winter survival of strains or white clover 
and other legumes from various woTld sources grown as lA· 
dlvklual plants in rows at the Matanuska Research Fann. 
ell!nt~d H!: J!.JDI 1~84. 

Selection. Percent 
strain, or w nter 

SpeCie! cuttlvar Orlg111 SUrviVal -----
White clover· AK-3 Alaska 87 

AK·5 " 69 
AK-4 49 
Tamm1sto Finland 23 
Hja-364 5 
Sonta Norway 0 
" While Dutch" USA 0 

Red clover: Alaskland Alaska 0 
Pradl Norway 0 
Tnpo . 0 
Kenland Kentucky 0 

Alsike clover Alpo Norway 0 
Tammisto Finland 0 
Tetra Sweden 0 
Aurora C8Ilada 0 

Alfalfa: M talcata Alaska 99 
Denali " 98 

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

Only with white Clover were there wide differences in 
winter survival of strains w1thin a species. Of the seven 
strains evaJuated, survival ranged from none (Norwegian 
Sonja and commercial ''White Dutch" from the USA) to very 
good (87 percent in AK-3). Alaska collections AK-5 and AK4 
displayed somewhat poorer survival at 69 percent and 49 
percent respectively. However, all three Alaska collections 
surpassed by a Wide margin the 23 percent and 5 percent 
survival of Tammisto and Hja-364, respectrvely, both from 
Ftnland. 

The dffferences In winter suJVIval noted 1n the present 
test between red clovers and white clovers paraJiel flnd1ngs 
of Ruelke and Sm1th (1956) in Wisconsin. They found (us-
mg common Wisconsin strains) tha medium red clover 
developed cold tolerance in overwmterlng tissues later in 
autumn, and developed a lesser level of cold tolerance, than 
white clover. Such differential patterns of cold-tolerance 
development, if stmllar In Alaska to trends in Wisconsin, 
could account for the 100 percent winterl<lll of all red clovers 
in thts test, as contrasted to the much better SUJVIVal In 
several of the white clover stralns. 

Of substantially greater interest, however, are the wide 
dtfferences found in winter suJVtval among the seven white 
clover strains (table 1, fig. 4) Not surprising was the 100 
percent winlerkill of the ' White Dutch" strain from an 
unknown origin within the :onlerminous 48 states tar to the 
south ol Alaska Poor winter surv•val in Alaska of forage 
logumes adapted to midtemperate latitudes is well known 
(Kiebesadal 1971 a. b; 1980; 1985). 

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

very poor as compared to the three Alaska collections (table 
11 fig. 4), 

The origins of the white clover genetic stocks that gave 
rtse to the naturalized populations allhe three locations In 
Alaska from which seed lots AK-3, AK-4, and AK-5 were 
collected are unknown However, il ls known that the three 
white clover stands from which seed was collected had pro-
bably persisted in Alaska for a considerable number or 
years Moreover, virtually all commerce (such as introduc· 
tlon or seed lots or imports of hays containing seeds) wtth 
the territory during the nineteenth century and the first half 
of the twentieth century was from the west coast or the U.S. 
Thts suggests strongly that the white clover stands 
orjginated from seed brought to Alaska from areas con-
siderably fanher to the south. In all probability thetr anginal 
winterhardiness levels in Alaska would have been 
somewhat similar to that found 1n the "White Dutch" strain 
used in the test reported here. However, since those early 
white clover jntroductions were not grown in the very 
stressful habitat of an open field, as 1n the experiment 
reported here, some plants apparently were able to suJVIve 
initially to give rise to the persistent populations that are 
present now at those locations. 

Natural Selection for Winterhardlness 

Evidence strongly suggests, then, that dunng the long-
tenn residence In Alaska of those three white c lover popula-
tions, natural selection pressures have caused genetic 
modification toward better adaptatton to Alaskan climatic 
conditions and, hence, toward the better winter suJVival 
displayed In lhis fleld test. 

The hypothesis drawn from thts .lV1dence agrees with 
conclusions by Gibson and Hollowell {1966) concerning 
white clover: " The variability In the species plus the high 
degree of cross-pollination favor shifts in response to 
natural or artiftcial selection pressures Strains or white 
Glover have been naturally and artificially made and mam-
tained under spectfic environmental conditions. Many 
ecotypes exist." 

If natural selection for wlnterhardiness Is to be effective 
In a plant population growing 1n a new environment, there 
must be seed produced and a tumover of plant generations. 
During lhls genetic mixtng of surv,vtng plants, and the sor-
ting and elimination (by winterkill) of inadequately wtnter-
hardy plants by environmental pressures. a "survival-of-the· 
fittest" scenario gradually selects for plants with a better-
adapted ''genetic constitution' for that specific environment 
(Cooper 1965, Wilste 1962). That desirable genetic constitu-
tion possessed by winterhardy plants controls physiologtc 
processes within the plant that are thus 1n hatghtened har-
mony with onvironmental forces that detormtne plant 
behavior, such as the interacting seasonal patterns of 
photoperiod and temperature (Kiebesadel 1985). 

Natural selectton for w1nterhardlness cannot proceed 
very effectively in tho span of a few decades on plant 
populations tnat are mostly winterhardy and are long-lived. 
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Ftguro 4. Comparative winter survival of whl!e clover cultwars, 
strains and collections from var1ous world origins when grown at 
the Matanuska Research Farm. Planted 18 June 1984; photo 30 
July 1985 Rows are identified Rl n'ghl 

However,'" a plant population that is marginally wlnterhar· 
dy, where only a few plants survive winters to flower and 
tnterpollinate (and thereby 'Intermix" their superior genetic 
characteristics), natural selection can etfecttvely shlfl away 
rrom the original genetic make-up of the population. 
Moreover, such a shift will be much more rapid if the plants 
aro relatively short-lived, for that characteristic accelerates 
the cychng of generations and more rapid sort1ng within the 
available gene pool. Although white clover IS a long-lived 
perennial under Ideal growing conditions, Gtbson and 
Hollowell (1966) state: 'White clover 1s classified as a 
perennial , but plants may behave mostly . .. as biennials 
or shori··Hved perenntals in the North. Sylven (1937) reports 
enhanced performance of German white clover in Sweden 
following natural selection in the more northern 
environment. 

NaturaJ selection toward improved wlnterhardiness in 
alfalfa has been documented many years ago by workers 
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Label 
HJA 
SON 
WD 
TAM 
AK-3 AK-4, AK·S 

I den My 
HJA-.164 
Sorrllf 
Commercial ' 'Wh1to Dutch'' 
TammJ~t 
Co/loctions 

Finland 
Norway 
USA 
Finland 
Alaska 

in the Midwest US (Brand 1908, Waldron 1912). A Slmtlar 
pattern of enhanced wanlerhardiness has been noted also 
m alfalfa grown through many generations tn Alaska 
(Kiebesadel 1971b, 1985, Klebesadel and Taylor 1973). 

Superficially, 1t mtght seem somewhat unusual tnat 
Alaska white clover collections AK-4 and AK-5 from Alaska's 
Interior did not survive as well in the faeld test as collectlon 
AK-3 from the Matanuska Valley. Th1s may seem especial· 
ly odd s1nce the wh1te clover populataons at the old 
roadhouses very hkely have persisted for longer terms m 
Alaska and m somewhat more northern areas that ex-
penance much colder winters than occur where AK-3 
evolved I belle\le, however, that the difference denves from 
the fact thai AK·3 evolved In the Matanuska Valley, an area 
where wmter stresses are different than s1mply the occur-
rence of extremely low temper lures where AK-4 and AK-5 
evolved. Based on studies of other plant species, I believe 
that collection AK-3 may be found in future studtes to be 



able to achieve a more dormant status that protects aga..nst 
freeze-thaw temperature osc11iauons that typically occur 
during Matanuska Valley winters (Kiebesadel1974. 1985). 
This ls a different kind of wmter stress than that experienced 
in Alaska's Interior where protective snow cover usually per-
SISts throughout the winter. In the lntenor winter air 
temperatures may be extremely low but seldom fluctuate 
sufficiently to cause midwinter thaws followed by refreez· 
ing as occurs commonly m the Matanuska Valley 
(Kiebesadel1974, 1985), 

Tho 1984-85 Wlnter at the Matanuska Research Farm had 
numerous thaw mtervals that affected the experiment with 
clovers reported here. In January alone there were three 
separate thaw periods. On a total of 26 days during January 
the dally maximum exceeded 32 degrees Fahrenheit, and 
on 19 days it exceeded 40 degrees Fahrenheit. Atter a late-
January/early-February thaw period of 20 consecutive days 
with max•mums exceeding 32 degrees Fahrenheit, there 
occurred a very cold period during which 16 of 17 con· 
secutive days had minimums below 0 degree Fahrenheit, 

and the lowest temperalure reached 16 degrees below zero 
Fahrenheit. Inasmuch as tho Matanuska Valley collection 
AK-3 evolved aver what is believed a long period of time 
under this type of wmter-stress conditions, il is qutte 
understandable that i1 survived well in lhls lest. 

Conclusions 

Results reported here of differences in winter survival 
among several wh1te clover strains are relatrvely limited m 
scope and should be verif•ed in more extensive com· 
parisons 1nvolvtng more strams from various origins and 
over several years. Nonetheless, the wido d1Herences in 
winter survival rates between the Alaska wh te clover col-
lections and the cultJVars from other northem countries sug-
gest strongly that adaptiv6 modification toward supenar 
winter hardiness has occurred in the long-resident, 
na1urallzed white clover populations from which the A laska 
collections were drawn. Cl 
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Effect of Phosphorus and Potassium 
On Alsike Clover 

By 

Winston M. Laughlin • , Glenn A. Smllh •, and Mary Ann Peters··· 

Sorls m the Kenney Lake area of the Copper River Basrn 
ot Alaska have a neutral to alkaline pH. Thus one would 
expect these sorls to support the growth of legumes more 
satlsfactonly than the more acrdic soils common to many 
areas of Alaska. Several unsuccessfu attempts were made 
between 1979 and 1982 to establish a uniform stand of 
alsike clover In the Kenney Lake area. Plantings werq made 
on spnng rotolllled soil and the area compacted immediate-
ly after planting. Unitorm !'ltands or young plants were ot>· 
tained, but extreme drought caused so many plants to die 
that the stands were verv unl:*ven. 

Experimental Procedure 

In August 1981 a relatively ur rform area of the lacustrine 
substratum phase ot Klawasi silt loam was selected and 
rotoulled. The expenmental s1te was located at Mrle 5 on 
the Old Edgerton Highway about 23 miles southeast of Cop-
per ':enter. In 1976 lh1s ruea had been cleared of trees, 
plowed and disced. and lett uncropped. On September 30 
the Canad1an variety 'Aurora' als•ke clover was broadcast 
on about four mches or snow with a Cyclone hand seeder. 
The soli beneath the snow was frozen to a .25-lnch depth . 
Again on April 23, 1982, another broadcast seeding of 
als1ke clover was made on 15 inches of snow On May 18 
a 4 x 4 factonal el(penment replicated srx times was 
established. We used tour rates of phosphorus (P) as 
treblesuperphosphate 50, 100, and 150 pounds P2:05 per 
acre equal to 0, 22. 44 and 66 pounds P per acre, per year 
and four of potassium (K) as sulfate of potash (0, 50, 100, 

"Research Soli Sclentiat, Agricultural Research Service, 
USDA. 
• ·Laboratory Technician, Agricultural and Forestry Expen· 

ment Sallon, University of Alaska-Fairbanks 
• • "Biological Technician, Agricultural Research Service, 
USDA, Palmer, Alaska 99645. 
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and 150 pounds KzO per acre, equal to 0. 41 5, 83. and 
124 5 pounds K per acre, per year). These fertilizers were 
broadcast by hand on 18 May 1982. 19 May 1983, and 22 
May 1984. Growth m ,982 was slow, and plants were very 
short so no harvest was made although weeds were mowed 
1 he latter part of June and early In August 

On 28 June and 20 September 1983 and 26 June and 
10 September 1984, clippings were made wllh a small 
power mower equipped with a s1ckle leavtng a 2·111Ch stub-
ble . ll1e t1arvested area consisted of a strip 30 lnchPs wide 
and 12 feet long cut from ttle center of each 6 by 15-foot 
plot Fresh and dry we1ghts were recorded from each 
harvest. Representative herbage samples from each plot 
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were ground to pass a 20·mesh stainless steel laboratory 
m1ll screen Chemacal analyses were made as follows: totaJ 
mtrogen (N) and P were determmed calorimetrically using 
a Techn1con autoanalyzer (Techmcal Industrial Systems 
1976}; K calc1um (Ca), and magnes1um (Mg) were 
measured using an atomic absorpuon spectrophotome1er 
following sulfurlc-selenous acid digestion and using lan-
thanum to control Interferences (Perkin-Elmer Corp. 1973), 
and total sulfur (S) was determined with an automatic S 
analyzer (Smith 1980) The soil samples, taken at a 6-incn 
depth after the 1984 harvest, were analyzed for pH and 
available N, P, and K using the foUow1ng methods pH was 
measured with a pH electrode {one part soli to two parts 
water); NH4-N and NOJ-N were extracted with 2N NaCI 
measured colorimetrlcally with a Technfcon autoanalyzer 
(Technican lndustnal Systems 1973), P was extracted with 
Bray No 1 extractant and analyzed with a spectrophoto-
meter (Games and Mitchell 1979): and K was extracted w1th 
1 N ammonium acetate at pH 7 and analyzed using an 
atomic absorption spectrophotometer (Perkin-Elmer Corp. 
1973). 

These data were analyzed statistically with conventional 
statistical techniques. The significant P x year Interactions 
with N, P. S, and Mg concentrations are presented In Table 
3 and the significant P x K interaction with flrst-<:uttlng Mg 
concentrations are presented ln Table 4. 

Results and Discussion 

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

We do not understand the poor growth In 1982 nor do 
we understand the extremely low first-cutting yields tn 1983 
and 1984 Aurora alslke clover 1s well adapted for south em 
Canada. Perhaps the longer day length in Alaska as well 
as the lack ot moisture m the early season adversely af-
fected growth. We found very poor nodulation even though 
e fresh, viable, commercial culture was used to treat the 
seed just prior to each seeding. This may 1ndlcate present 
cornmerclal cultures do not have rh1zoblum adapted to th1s 
area. We have noted 1n th1s area constderable responses 
of alsike clover to N applied the season the crop was 
planted. 

Nitrogen Concentration and Uptake 

First·cutting N concentration was increased by P only m 
1984 (table 3). TheN uptake was Increased by P applica· 
L1on (table 1 ). 

TheN concentration was not Influenced significantly by 
vary1ng K rates m either alsike clover cuttmg. The N up· 
take was increased only by the highest K rate ( 124.5 lb per 
acre) (table 2} 

Phosphorus Concentration and Uptake 

Concentration of P In the first cutting was increased by 
each increasing P rate, although ttlP increase from 44 to 
66 pounds P per aero was not large enough to oe Slgmfi-
cant (table 1). Second-cutting P concentratton mcreased 
w1th each increasing P rate in both years (table 3). The 
seasonal P uptal<e also Increased with increasing P rate: 
however, the Increase between 22 and 44 pounds P per 
acre was not large Anough to be significant (table 1) 

Applications of K had no significant etfect on first-cutting 
P concentration However. each Increasing K rate Increased 
the P concentration In the second cutting. Only lhe highest 
K rate (124.5 pounds per acre) resulted 1n Increased Pup-
take (table 2). 

Potassium Concentration and Uptake 

The K concentration 1n neJther cutting was Influenced by 
P but lhe K uptake was increased by P applicatton (lable 
1 ). Each lncreasang K rate Increased the K concentrauon 
In both cuttings as well as 1ho total seasonal K uptake; 
however the mcreas1 m K uptake from 41 .5 1o 83 pounds 
K per acre was not large enough to be signtficanl (tablt 2). 

Sulfur Concentration and Uptake 

First-cutting S concentration was depressed by P arplica-
tion m 1983 and Increased in 1984 (tabla 3) We know of 
no reason for such a reversal. Second-cuttmg S concen 
lration was increased by Prates exceeding 22 pounds per 
acre whi le P application Increased the S uptake {table 1) 

Rrst-cutt ing S concentrat ion tended to be mcreased by 
increasing K rates, but the S concentration in the second 
cutting was not influenced Significantly by K; S uptake was 
increased only by lhe 124.5 pounds K per acre rate (table 2) 

Calcium Concentration and Uptake 

First-cutting Ca concentration tended to be increased by 
P application and each tncreas1ng P rate tended to increase 
theCa concenlration in the second cuttmg; Ca uptake was 
Increased by P application (table 1 }. 

TheCa concentration in the flrst cuttlng was erratic as 
retated to K rate and that m the second cutting tended to 
decrease w1th increasing K: Ca uptake was not Influenced 
SIQnificantly by K rate (table 2). 

Magnesium Concentration and Uptake 

The Mg concentrataon in the first-cutting was Increased 
by P application only 1n 1984 (table 3). Second-cutting Mg 
concentration was not Influenced significantly by Prate but 
the seasonal Mg uptake was Increased by P apphcat1on 
(table 1) . 

The effect of the K rate on first-cutting Mg concentration 
varied with each of the four P rates being erratic when no 
P was applied Concentration of Mg tendoo to decrease 
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Table 1. Two·year means (1983 and 1984) or effects of P mtos on alslke clover forage yield (dry weight) on N, P, K. S, Ca. 
and Mg uptake, and on N P, K, S, Ca, and Mg concentration In herbage. (Means of 48 measurements) 

Yield Uptake - --Prate 1st cut 2nd cut Total N p K s Ca Mg 
(lb/A) ·- -----· -· •• (TIA)------ -----.---.. ---··---· (lb/A) ------

0 028b1 1.21c 149b 76b 6.3c 70b 5.34b 46b 136b 
22 0.48a 1 67b 2.15a 110a 10.9b 107a B.OSa 68a 20 0!3 
44 0.43a 1 68ab 2 11a 108a 12 .2b 108a 8 15a 57 a 20.5a 
66 047a 1 84a 2.31a 1 19a 14.9a II 1a A.94a 77a 22.Ba 

Concentration 
N p K s Ca Mg ---2nd cui 1st cut 1st cut 2nd cut 2nd cut 1st CUI 2nd CUI 2nd cut 

----- (%) -
0 cU>4a .233c 2 34a 2~ 1Sa .169b 1 SOb 1.53c .468a 

22 2.44a .279b 2.61a 2.33a. .173b 1 64a 1 56bc .1160a 
44 248a .3D8a 2 SSa 2.28a 181a 1 52ab 1 62ab .488a 
66 248a 326a 2.47a 2.27a .181 a 1 63a 1 67a .488a 

tLotteffi 1n tlle tables iHe u~;ed 1r accornance wilh Duncan's mulllple range test. Aily two values w11nln 11 column not followed by the same iette' .-He 
tHgnlllca"IIY ditforent at 11'19 5% evol o f probaoilily. 

Tablo 2. Two-year means (19a4 and 1985) of effects of K rales on alslke clover forage yield (dry welghH. on N, P, K, S, Ca, 
and Mg; and on N. P, K. S, Ca, and Mg concentration In herbage. (Means of 48 measurements} 

Yield Uptake 

K rato 1st cut 2nd cut Total N p K s Ca Mg - - - --
(lb/A) --- (TIA)- ··--------------- ·- (lb/A} 

0 0.36b' 1.43b 1.79b 92b 10.2b 68c 6.55b 60a 20 1a 
41.5 0.3-Sb 1 57b 1.95b 100b 10.6b 87b 7.30b 64a 19.6a 
83 0 .39b 1.59b 1 98b 101b 10.60 103b 7 .51b 62a 17.6a 

124 5 0.52a 1.82a 2 34a '120a 128a 132a 9.09a 70a 19.5a 

Concentration 

N p K s Ca Mg 
1st cut 2nd CUI 1s1 cut 2nd cui 1st cut 2nd cut 1s1 cut 2nd cut 1st cui 2nd cut 2nd cut ----

-(%)-- ------------
0 2.81 a 2.51a .279a .199ct 2~03d 1.77d .21 6b .172a 1 67a 187a .o51a 

415 2 77a 2.48a 287a .242c 2 39c 2.12c .233ab .177a 1.58ab 1.65ab .503b 
83 2.72a 2.49a .285a 280b 2.63b 2.45b .236ab .177a 1.48b 1 ~7b 440c 

124.5 2.89a :ii46a .295a 312a 2.93a 2.70a .246a .1 78 1.55ab 49c .408d 

'Letter9 In tt'le tablos nre used tn aecomance with Duncan's multiple range test Any two values wllhtn a column not lollowed by the same letter are 
Slgnlfieanlly diJrerent at thO 5% eve! of probab•llty 

Table 3. Effect of p on meN. P, S, and Mg concentration In alslke clover herbage, 1983-1984. (Means of 24 measurements) 
N P S Mg 

1st cut 2nd CUI 1st cut 1st cut 

Prate 1983 1984 1983 1984 1983 1984 1983 1984 

(lb/A) (%) 
0 2.70a1 2.64b .189d .209d .250a .224b .522a .435b 

22 2 70a 3.00a .215c .269c 220b .251a .515a .531a 
44 2.71a 2.87a .247b .312b .226b .250a .514a 509a 
66 2.84a 2 93a .276a .3472 .217b .248a .518a .533a 

•Leneor~ In the tables arP. u~ '" accordance Wlth Duncan'~ mu t1p!a ra.J'Igo lest Any t.v values wtthin a colum:1 not tollowf:d oy the same loner are 
slgn•flcOllldy dlflerent ;u lhe 5~h level o! probabihtv. 
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Table 4 . Effect of P and K on firsl-euttlng Mg concentraUon 
In alsrke clover. 1983-1984. (Means of 12 measurements} 

P rato (lb/A) ·------
0 22 44 66 K rate 

(lbfA) 
0 

41.5 
83 

124.5 

(%)------------­
.483ab1 
.535a 
.406b 
490a 

.607a 

.500b 

.510b 
A76b 

.655a 

.503b 
473bc 
.415c 

.594a 

.561a 
468b 
479b 

1letters In I he tables are used 111 acrordanceWtth Ouf'Can's muhlpla rangv 
:o5l. Any two values w•ttllrt a column nol followed by thf! sflmP.> leller areo 
sigmhtanUy o•lferent at the 5% level of probability 

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

Soli Test values 

Available P in the soli in Seplember of 1984 increased 
wtth each increas1ng P rate. Apparently P application in· 
creased the September values tor N03·N (rable 5) This in-
crease probably results from the added P Increasing the 
rate of oroanic matter decay and the release ot N. 

Each Increasing K rate Increased the available K m the 
soil in September 1984. The heav1est K application (124.5 
pounds per acre) apparen11y increased lhe NO:rN in the soil 
(table 5) probably re.sultmg from the added K increasing the 
rate of breakdown of the so1i organic matter. 

The lower N values in September 1984 compared to 
those in May 1982 suggest more N was being removed w1th 
the clover than is released through organic matter decay 
Ovor the 3-year penod, P and K fertilizers increased both 
the P and K available In the soli. It Is interesting that the 
value for avallab1e K was greater In 1984 than 1n May 1982 
when no K had been apphed. Other data, not shown, 1n· 
d icate spring K values were higher than the fall values in-
dicating the release of exchangeable K during the time the 
crop was not removing K 

Interpretive Summary 

Solis In the Kenney Lake area or interior Alaska have a 
neutral to alkaline pH and should be more adapted for 
legume growth than the more acid soils in other areas After 
several attempts to secure a umform clover stand, a 
replicated experiment with four rates of P (0. 22, 44, and 
66 lb PIA) and K (0, 41.5, 83, 124.5 lb KIA) was establish-
ed on an Aurora alsike clover stand in ,982. Two annual 
harvests ware made 1n 1983 and 1984 and forage samples 
analyze<l torN, P, K, S, Ca, and Mg Yields were increas· 
ed by both P and K Available P and Kin lhe soli were In-
creased during this period by annual applica1ions of P and 
K. The very poor growth in 1982 and very low first-cuUing 

Table~ 5. Efteet of P and K on soil pH and on inorganic N, ex· 
tr$etable P, and exchangeable K September 1984. (Means of 
24 mea-surements)' 

lnorgamc N Extractable Exchang~abla 

pH NH. -N NO, -N p K 

P P:tte Effect of P Applications -- ·-
(lb/A) - (lb/A) ·---·------

0 7.53a2 4 35a 0.85b 38d 335a 
2:2 7.54a 3.968 1 31a 87c 316a 
4/S 7 46a 4.83a 1 50a 132b 338a 
66 7.40a 4 72a 1 31a 187u 338a 

K rate Etfect ol K Applications - -(lb/A) .__ ............... (lbJA)- -
0 7.57a 4.298 1 03b 108:: 165d 

41 5 7.55ab 4.03a 1 09b , 10l 238c 
83 7.42bc 4.!>1 a 1.32h '12a 39<1b 

124.5 7.3Bc 5.05s 1 52a HSa 531a 
16aAeUne values (May 1982) lor pH, NHr N N03 - N P, aoo 1\ were 7 54 
10.8, 27 8 35 anel 114, ft?Spectivoly 
21 etters In lhe tablos are used In SOC(){ dance with Duncan's muhiple range 
test Any two valu~s W1th1n a column nor followed by tMI) samo letter are 
slg.,lflcanlly different Rl tbe 6% IOIIOI o! probability 

ytelds, suggest thrs variety of alslke clover may not be 
adapted to this area fhe very poor nodulation further sug-
gests a strain of rtuzob1um IS needed which is adapted to 
both lhe legume and to the area 

Conclusion 

Thts 2·year study shows a yield response by alslke clover 
to both P and K fertilization 1n the Kenney Lake area. It fur-
ther suggests that a vanety ot alsike clover better adapted 
to 1he area Is needed The poor nodulation suggests a more 
effective strain of rhizobium is needed for more eHic1ent N 
flxat1on More study tS needed to evaluate nodulation and 
dinitrogen fixation by alsike clover 1n th1s region of Alaska CJ 
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Figure 1. Locarion of sites in Alaska sampled for plant·paras;tic 
nemarodes. 
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Plant-Parasitic Nematodes in Alaskan So ·Is 
By 

Emesl C Bemard* and Donald E. Carling*· 

Int roduction 

Nematodes constitute afl extraordinarily diverse and 
widespread phylum of an imals. They have adapted to near-
ly every conceivable hab1tat, and several major ecolog1oal 
groups, each of which contains many hundreds or 
thousands of species, can be recognized . Ttlese groups 
include marine nematodes, which feed primarily on micro· 
organ1sms; free-liv ing terre$trial nematodes, which su~ist 
on bacte ria, fungi, algae. or such small soi l tauna as other 
nematodes; vertebrate parasites; arthropod parasites; and 
plant parasites. Annual losses in agronom1c and hor-
Licultural crops in the Unlted Slates due to pfanl-paraslhc 
nematodes have been estimated al about 1 o peroent 
(Society of Nematologfsts 1970). Crops 1n warm temperate 
and tropical regions are usually considered more vulnerable 
to damage, but many crops such as potato, sugar beet, car-
rot, and cabbage may be affected In the northem U.S , 

• Professor, Department of Entomology and Plant Pathology, 
Un6verslty ot Tennessee, Knoxville, TN 37901. 
• • Associate 'Professor, Hortieutture, Agrit;ultural and Forestry 
ElCperiment Stallon, Palmer, AK 99645. 

24 .A.groborealis 

southern Canada, and northern Europe. Root-knot 
nematodes (Meloidogyne spp.), cyst nematodes (Giabadera 
and Heterodera spp.), and lesion nematodes (Pratyfenchus 
spp.) are the most significant genera in northem crop pro-
duction regions and have been extensively studied. 
Because of recent eHorts to expand Alaska's agricu lture 
on a large scale, the potent ial impact ol indigenous 
nematode spec ies on crops should be investigated. 

Current knowledge of Alaskan nematodes is quite hmited 
and probably consists of no more than a dozen repo rts . 
Cobb (1921) and Mulvey (1983) reported briefly on a col-
lee! ion of nematodes made by the 1915-16 Stelansson Ex-
pedition In the Canad1an Arctic and Alaska, but d1d not give 
localit1es for the listed genera. In 1949, Thome (1949) 
described Tetylenchus jocws from Wrangell . We have ex-
amined numerous soil samples from the Aleutian Islands, 
primarily Adak Island, and described a number of species 
(Bernard 1979, 1981, 1982, 1964) Freckman et al. (1977), 
in a briet report on nematode communities at three s•te.s 
along the Trans-Alaska pipeline, found only twenty-two 
genera of aU types of free-Uvmg and plant-parasitic 
nematodes. Several species of Nagelus, Paraiotylanchus, 
and Pratylencholdes have been described or noted from 
Alaska by Baldwin and coworkers (Baldwin and Ball1981, 
Baldwin el aL 1983, Powers et al. 1983) 



In 1993 and 1984, soil samples from various parts of 
Alaska (fig. 1) were collected for nematode extraction and 
identification. It is evident from study of these samples that 
plant-parasitic nematodes are an abundant and diverse 
fraction In Alaskan sons (fig . 2) and that several species 
may pose a potential risk to the agricultural goals o1 the 
state. We are contmutng cooperative studies of the plant-
parasit ic nematode fauna in order 10 reach the following 
objectives: 1) to identify and describe the plant-parasitiC 
nematodes of Alaska, 2) to assess the potential 1mpact of 
nematodes on Alaskan agnculture; and 3) to develop 
hypotheses which explain the current distribution of 
nematodes in Alaska; and 4) to predict future distnbutions 
in new crop-growmg areas. 

Relationships of Nematodes to Plants 

Nearly all plant-parasitic nematodes are less than .08 
inch long. Most species remain verm1form (wormlike) their 
ent1re lives (f1gs. 3-7), but in some of the most destructive 
forms. the females are greatly swollen compared to the in-
fective juvenile stage (figs. 8-1 0). 

All plant-parasitiC nematodes possess a stylet, or spear, 
w•th which they puncture plant cells (figs. 11-16). In the 
more generalized species, the stylet is used to penetrate 
cell waUs, after which digestive enzymes are inJected into 
the cell cytoplasm to liquefy rt. The nematode then tngests 
the liquefied, predigested contents from the cell This en-
ure process may take only a few seconds. The stylet, which 
closely resembles a hypodermic needle. has a very nar-
row lumen that allows only liquidS or extremely minute par-
ticles to pass. Bacteria and most cell organelles are too 
large to enter the stylet. Tnchodorid nematodes have a solid 
stylet (hg. 16). 

Figure 2. TyptcaJ abundance of nematodes In a 200-cubic-
centlmeter soil sampfa. 

In more specialized plant parasites. such as root knot and 
cyst nematodes, the nematode mjects substances wh1ch 
Induce the plant to produce enlarged, multinucleate cells 
called giant cells 01 syncytia (fig. 17). The developing 
nematode feeds on these cells without killing them. The 
death of the nematode results m degeneration of the 
syncytium 

Most plant-parasitic nematodes live in soil and feed upon 
root cells. A few rorms are parasites of leaves or plant 
reproductive organs, and at least two species are signifi-
cant paraSites In the trunks of some pme trees and coconut 
palms. Species which parasitize roots are usually grouped 
by nematologists into the three follOWing reeding types. Ec-
toparasitic nematodes are spec1es which hve the1r lives In 
the soil, rather than in roots, and feed upon the cort1cal or 
epidermal tissue ol the root Migratory endoparasltas travel 
through the cortex while feeding and may spend their en-
tire lives within the root Sedentary endoparasitas are those 
spectes wh1ch enter roots, establish gtanl cells (syncyt1a) 
or other specialized feeding srtes, often In the vascular 
tissue, then begin to enlarge while at the same t1me losmg 
their power of movement. 

Symptoms on Alaskan Plants 

Symptoms of nematode damage are usually very general 
and not identifiable as nematode-Induced wilhoul further 
mvestigat1on Affected plants are of1en stunled and slight-
ly chlorotic. In times or motsture stress they may wilt before 
unaffected plants and recover more slowly On roots, symp-
toms can be classified as gaits, stubby roots, root lesions, 
or root necrosis In Alaska, two species of nematodes have 
been Identified which Indue& root galls (figs. 18, 19}. 
Meloidogyne subarctlca Bernard, a root knot nematode 
described from Adak Island, produces large and abundant 
galls on the beachgrass Elymus arenanus (frg. 19). Th&se 
galls are caused by lormat1on of glant cells and prolifera-
tion of cortical and vascular parenchyma Unlike most other 
Mefoidogyna spp .. the nuclei in giant cells of M. subarctica 
apparently remain clumped together, rather than dividing 
and moving apart rollowing chromosomal replication (fig . 
17). 

Another type of galltng observed on E. arenarius from 
Adak Island and parts of the mainland is that caused by 
Anguina radlclcola (Graeff} Teploukhova These galls form 
near the root lip and curl as they enlarge due to prolifera-
tion of cortex (hg. 18) The nematodes apparently feed on 
the cortical cells. causing the formation of large cav1t1es 
within the gall (fig. 20) A. radlcicola 1s an Important pest 
of grasses in parts of northern Europe. 

It 1s very probable tha the distributions of these two 
nematodes are much moreo extensive in Alasl<a than is now 
known. Some effort should be devoted to determimng 
whether their parasrt1c activities on E. arenarius can 
destabilize dunes and beaches by reducing the root-binding 
capac1ty of lh1s specres. 
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Figure 3. Adults and eggs of Anguma 
radiclcola r6moved from a galled Elymus 
arenarlus root. 

Figure 4. Female HEthcotylenchus sp figuro 5. Fomale Criconemella sp. 

Figure 6 Female Senospmula saymouri F1gure 7. Female Paratylenchus sp Figuro B. Infective juvenile ol Helerodera 
Lrifolil, a cysf nematode 

, 
' 

Figure 9. Heterodem trlfohl cysts. Ftguro 10. Femate Thecavermiculatus 
c:rassicrustata on Elymus arenarius root 

Figure 1 t . Head end of Nagelus sp. 

Diversity of Alaskan Nematodes 

Alaska has an abundance of plant~paraslllc nematode 
species (fig. 2), and 11 •s probable that many more species 
will be tdentlfied w1th more extensive sod collections. At pre-
sent, twenty-four genera with f1fty four species, most of 
them apparently undescribed, have been collected {table 
1). A more detailed discussion ol the species by family 1s 
gtven below. 

Class Secernentea 

Tylenchidae: Numerous species of this fam,ly occur tn 
all Alaskan samples. The members o1 Tylenchldae are 
usually considered fungal foeders or weal< parasites of root 
ha1rs, thus they have not been enumerated In Table 1. 

Anguinldae (Angulna, Ottylenchus spp )· Most of tho 
damaging members of this tam1ly are endoparasrtes of the 
leaves, stems, and ovules of many plants The wheat stem 
nematode, A. tritici (Steinbuch) Ch1twood, and the stem and 
bulb nematode, 0 . dipsacl (Kuhn) FlllpJev, aro the best-
known temperate spec1es. In Alaska, A. radicicola 



Figure 12. Hoad end of Merlinius sp. Ftguro 13 Head end of Pratylenchus sp. Figuro 14. Houa end of Cnconernella sp. 

f 1guro 15 1-foad ond of Pnratylenchos sp. Figure 16. Head ond of Trlchodorus sp Figure 17. Cross section of M subarctica 
gall. showing gumt c;ells with clustered 
nuclai amfd disonented xylem 

Figure 18. Galls of Anguma rldlc,cola on 
Elymus arenanus . 

Figure 19. Galls of Melo1dogyne sub-
arcllca on Elymus arenanus. 

Ftguro 20. Cross-section of A radicicola 
gall, showmg nematode flllf1d cavilie.s in 
cortex. 

parasitizes the roots ol E. arenarius. (figs. 18, 20). Many 
Diryfenchus spp. occur tn the soil, but their role as plant 
parasite~ is questionable s1nce many species In this genus 
are believed to be fungal feeders. 

Tylenchorhynchldae (Geocenamus, Merllnlus. 
Nagelus1 Scutylenchua. Tylenchorhynehus spp.): This 
family 1s numerous and widely distributed throughout the 
mainland, with representatives as far out as Adak Island. 
They all probably parasitize epidermal and cortical tissues. 
Marlin/us, Nagelus, and Tylenchorhynchus spp. are par-
ticularly diverse and may be usefulm understanding how 
plant parasites becom dispersed after severe climatic 

changes Nagelus spp. (l1g. 11) are known from southcen-
tral Alaska to Fairbanks and thence along the Dalton 
Highway up to Point Barrow (Powers at al. 1983), m addl· 
t1on to other pomb 10 North Amenca, Asin, and Europe. 
However none were found In the Aleuttan Islands or on 
the Seward Peninsula. Conversely, MerlmJUs spp. (fig 12) 
were found to be abundant on the Seward Peninsula w1th 
one species on Adak Island, but none were collected 1n 
southcentral Alaska The distnbut1on of Tyfenchorhynchus 
spp. was s1m1lar to Merllnius Climatic changes may have 
eliminated most species from the region, but, as the climate 
moderated, members of ~ach genus may have dispersed 
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Table 1. Plant·p raaltlc nematodea known from Alaska. 

Species 
Anguina rad/clcola (Greeff) Teploukhova 
Cerchnotocnconema pS6phinum Bornard 
Cerchnotocriconema sp. 
Criconameffa flemtsphaaricaudata (Wu) Luc & Rask1 
Cnconom611a xenoplax (Raski) Luc & Rasl.. 
CflconemaHa sp. 
Dollchodera sp. 
Geocenamus sp. 
Helicorylenchus amplius Anderson & Evele'9h 
Helicotylenchus spffsb&rgensis Loot 
Helicotylenchus sp. 
Hemtcycltophora amchitkaensls Bemard 
Hoturooera rrifolii Gorran 
Heterodera sp. 
Hoplolaimus sp. 
Meloidoaera ourytyla Bemard 
Meloidogyne subluctJca Bernard 
Merlmlus adal<ensis Bernard 
Merlimus JOCtuS Thome (Sher) 
Merfinius sp. A 
Merltnrus sp. B 
Nagetus borealis Powers. Baldwin & Bell 
Na!]61us feptus (Allen) Siddiqi 
Nagefus obscurus (Allen) Powers, Baldwin & Bell 
Nagelus sp. A 
Nagelus sp. B 
Nothocnconema /ongulum (Gunhold) DeGrlsse & Loof 
Parsrotylenchus megastylus Baldwin & Bell 
Pararotylenchus sp 
Pararylenchutt: amundseni Bernard 
Paratylenchu:J sp. A 
Pararylenchus sp. B 
Psratylenchus sp. C 
Pratylencholdes magnlcauda Baldwin, Luc & Boll 
Pratylenchotdes megalobatus Bernard 
Prarylencholdes varlabllis Sher 
Prarylenchoidos sp A 
Pratylenchoides sp. B 
Pratylenchus pratenSisobrlnus Bernard 
Pratylenchus ventropro)Octus Bernard 
Pratylenchus ep A 
Pratylenchus sp. B 
Scutylenchus sp. 
Senespmufa seymouri (Wu) Khan, Chawla & Saha 
Thecavarmlculatus crasstcwsrat Bernard 
Thecavermicutsrus sp 
Tr~chodorus sp. A 
Tnchoctorus sp. B 
Tylenchorhynchus sp. A 
Tylenchorhynchus sp. B 
Tylenchorhynchus sp. C 
Tyfenchornynchus sp. D 
Tylenchorhynchus sp. E 
Xiphfnema sp. 

Sed Endo. 

X 

X 
X 

X 
X 

X 
X 

Mode or Pamslttsm1 

Mlgr. Endo. Ecto 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X or X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

Relerencel 

Bemard 1979 
Bemard 1982 

Bernard 1982 

Bernard 1984 
Bernard 1984 
Bernard 1979 
Bernard 1982 

Bemard 1979 
Bernard 1981 
Bernard 1981 
Bernard 1984 
Thome ,949 

Powers et al. 1983 
Powers ot al. 1983 
Powers et al. 1983 

Bernard 1982 
Baldwin & Bell 1981 

Bernard 1982 

Ba dwrn et al. 19S.3 
Bernard 1984 
Bernard 1 984 

Bemard 1984 
Bomard 1984 

Bemard 1979 
Bernard 1981 

Bernard 1979 

Bernard 1979 
' Modes a' ptrall sm 11re based prl"'arlly 01\ thoee of flllatea !e>mperat& ll)ec>H CY ~ Sed. EJ1cjo • Seoemary Encjoparulto, Mtgr Eodo. • MognWlry E~parasrte; 
Ecto • ctoparaa:t.e. 
zoaanee n the .. rarern;e column indlc:8te urY,J~ r.<:Ofds oC occurrence {1 ot. 



from different points Nagelus trom the southeast, Merlmius 
and Tylenchorhynchus from the west Of course, much 
more thorough collecting, idanttflcatlon, and analyses must 
be undertaken to substantiate this hypotheSIS. 

Heteroderidae (Dollchodera, Heterodera, Melol-
dodera, Meloldogyne, Thecaverrniculatus spp.); World· 
wide, this tamtly contains the most Important nematode 
pathogens ot crop plants, the root-knot and cyst nematodes. 
All are sedentary endoparaSites in whtch the females 
become enlarged and produce several hundred eggs each. 
Do#chodera (Adak Island) and Hetorod8ra spp. (Adak 
Island, Seward Penmsula) females become converted In-
to brown cysts (hQ 9) which protect the eggs within ths 
body. Meloidogyne subarctiCB, previously mentioned, is 
known only from Adak Island, as 1S Meloidodera eurytyla. 
The genus ThecavermJcufatus s very Interesting because 
of its extremely Wide distribution in the western hemiSphere. 
One species ltves on grass roots In Cahtom1a. whtle another 
Is a potato parasite In the Andes reglon of South Amenca. 
Thora are two known Alaskan specios. T. crasstCrustata (fig. 
1 0) occurs on grasses in the Aleutian Islands (Adak, Am 
chltka Island) and has been collected fron the Seward 
Peninsula An undescribed fourth species was found m 
abundance In a potato garden near Noorvik The potential 
roles of Heteroderidae 1n reduclng crop yields should be 
stud1ed as agnculture Intensifies 1n Alaska Much more col· 
lectlng IS needed to assess accurately the distribution of 
these nematodes n the state. 

Hoplolaimidae (Helicotylenchus, Pararotylenchus, 
Pratyfenchoides spp.): Th1s family cons1sts mostly of ec-
toparasttes and m1gratory endoparasites (fig. 4). Spec1es 
of thJs fam1ly appear to be widely distributed in Alaska. 

Pratylenchldae (Pralylenchus spp.): All lesion 
nematodes (fig. 13) are migratory endoparasite'> Somu 
soec•es are significant potato root and tuber paras1tes in 
North American and European production areas. while 
others parasitize cereal crops. 

Paraty!enchldae (Paratylenchus spp.): These are the 
smallest plant parasites (figs. 7. 15). Femalea have long , 
slender, often fleXIble stylets, while males usually do no 
have stylets. All spectes dro probably ectoparasltes; they 
are rarely considered to cause crop damage. 

Criconematidae CCerchnotocrlconema, CriconemeUa, 
Nothocrlconema, Serlespinula spp.): All of these 
nematooes are stout, robust ectoparasites (figs. 5, 6}. They 
are eas1ly recoqnized by their prominent, often ornamented, 
body annulalion and their heavy, stout stylets (fig 14). A 
few spec1es have roles in complex diseases of orchards in 
more temperate regions, but are probably insignificant in 
Alaska 

Class Adenophorea 

Longldorldae (XIphlnema spp.); These nematodes 
have long, slender stylets formed diHerently from those at 
all the families previously l1sted. Thus they are constdered 
unrelated to the Secementea. Only a s1ngle specimen ot 

X1phmema has been collected from Alaskan soil (Adak 
Island). 

Trlchodortdae (Trlchodorus spp.): The stubby-root 
nematodes possess a third type of stylet, a slender, solid 
tooth used to puncture root cells (fig. 16). One of the two 
spectes collected •n Alaska s~c.ms to be w1dely distnbuted 
on !he mainland, occurrmg 1n cultiVated fields m southern 
Alaska and in tundra 

Summary 

Plant-parasitic nematdoes are well represented in every 
sampled area n Alaska. W1th expansion of Alaskan 
agriculture, the role of these nematodes In plant disease 
needs to be understood. However, our current knowledge 
or host-parasite Interactions on Alaskan crop plants •s still 
very limited. A continumg survey or nematodes In poten-
tial and actual agricultural regtons of lhe state should be 
continued. At the same time. the environmental re-
quirements of potential pathogens should be Investigated. 
In some cases, so•l temperatures may normally be too low 
to permit max1mum nematode activity. However, adapta-
tion among endemic species should be expected, and there 
is some ev1dence that M. subarct;ca cannot survive at so11 
temperatures much above 48 degrees Fahrenhe11 (Bernard 
1981) Further study will determine the potential part plant-
parasitic nematodes may play In reduct1on of Alaskan 
agncultural yields 
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AFES Notes continued . . . 

Wayne C. Thomas, professor of economics, will tem-
porarily assume the post of director of graduate studies m 
September His appOintment will extend through June of 
1987 In this pos1tion, Dr. Thomas Wlll have responsibility 
for administering the graduate programs at the University 
of Alaska-Fairbanks This will mclude oversight of graduate 
research lallowsh1ps and selection of outside examiners for 
theses defense and oral examinations This responsibility 
constitutes a half-time appointment ror Dr. Thomas; he w1ll 
also continue h~s regular research duties a1 the Agricultural 
and Forestry Expenment Station Edward C. Aroblo, 
agrlcullural economist with the Division of Agriculture, 
Department of Natural Resources, will take over one-half 
o f Dr. Thomas' normal research duties during this limP 
period Mr. Arob1o 1s a former research associate In 
economics al AFES. 

Thl::f Honors Program at the University of Alaska-Fair· 
banks oHers several Interdisciplinary courses each year. 
This year. lhe School of Agncullure and Land Resources 
Management 1s offering "Design with Nature' (ALA 393) . 
The course will ba taught by Tom Gallagher, assistant pro-
feshor of land planning. Students taking this comprehen· 
siva lntegraled course include those majoring m VIrtually 
every area offered at the Umvers1tv of Alaska-Fairbanks. 

·1 he course ts conctJrned w1th ways in wh1ch people work 
with natural forces and processes 1n designing art works, 
landscapes building, c1t1es, and regions. While there is no 
specific textbook for the course, here is an extenstve 
reading list comprised of books and art1cles wh1ch address 
such topics as environmental psychology, ecology, 
economics architecture. and land planning. In addition, 
guest speakers w1ll address a vanety of related top1cs tn· 
cludtng art h1story, mathematics, and w11dlite management 
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The A.gricultural and Forestry Experiment Station, Stan-
dard Alaska Production Company. and the U.S. Fish and 
Wildl ife Service are collaborating on a five--year research 
project. The study rocuses on tnvestigatmg the basic 
biological and ecolog1aJ aspects of Arcropht/8 fulva, a grass 
that grows In cenain wetland habitats of Alaska Specialists 
In migratory waterfowl have noted a correlation between 
the occurrence of th1s grass species and preferred habitat 
for some species of waterfowl on Alaska's Nonh Slope. 
Because the breeding grounds for several waterfowl 
species li& 10 that area the reg1on and 1ts habitats are of 
national and even intemational 1mportance. Consequent· 
ly, activities in the Arctic affecting such wetlands are be· 
1ng given special consideration-hence, the need for Infor-
mation on this grass. 

Even lhough the grass is relatively common throughout 
lhe Arctic, It is one at only two vascular plant apecles that 
can grow on terrestrial sites and is an emergenl in aquatic 
habitats as well . Furthermore, il appears to be lhe only 
vascular emergent in the arctic tundra that can hve in both 
lresh and salt water. Relatively little research has been 
directed toward the species. Increased knowledge of how 
the plant grows and how it functions and adapts to a wide 
range of environmental conditions IS not only or pract1cal 
significance to the petroleum industry work1ng In arctic 
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Helping Your Greenhouse Help You 

By 

Lee Allen· and Patrick Mayer• • 

Home Greenhouse Production 

The operation of a family greenhouse in Alaska can be 
4.:1 rewardmg and even profitable hobby. Rewards can take 
many forms, whereas profitability depends not only on suc-
cessful crop productiOn but also on cost of production. 

Greenhouses that work can cost from hundreds to 
several thousands of dollars. Making any small greenhouse 
"pay" requires use of a low-cost design. Consider, for ex-
ample, the additional productiOn required to return costs 
trom a greenhouse costing $2000 compared to one costing 
$200, Certainly, there are indirect benefits denved from 
owning a more exp&nsive greenhouse pnde of ownership, 
Increased value of lhe property. and resale value. However, 
such negative aspects as mcreased taxes, Interest on tn· 
vestment, and insurance must also be considered. 

The basic greenhouse proposed here is based on USDA 
Plan No. 5946. II is a semiportabla, bowed plywood rib 
design that costs about $200 to construct (fig. 1 ). There are 
many modifications that can be made to !his basic 
greenhouse to improve its performance It is Important to 
consider the cost or each Improvement, and any improve-
ment should show 9. proportionate Increase In yield. 

Greenhouse Modifications 

The overall layout for our 1982 greenhouse sludy ts 
shown in Figure 2. The free-standing greenhouses pictured 
are 8 5 by 16 feet, which provides 136 square leet of in-
tenor space, enough room for about twenty-four tomato 
plants The low-cost modifications added to the basic 
greenhouses were designed to control excessively hlgh 

• Associate Professor Agricultural Englnooring, Agricultural 
and Forestry Experiment Station Palmer. 
• "Agncultural Superv sor, Agricultural end Forostry Experi-
ment Stotlon, Palmer. 

daytime temperature and humidity, store excess daytime 
heat for nighttime usa. ana prevent the escape of heat at 
night. The dE'sired re<5ult is warmer mght temperatures. 
resulllng In less temperatura variation, higher average 
temperature, and Increased pfoduclion 

All greenhouses were unheated, bu each had some form 
of automatic ventilation. Standard fans were oleclrically 
powered and provided one or two air changes per minute, 
a level at which the fans cycled even on clear days All the 
greenhouses had an open, slotted air mlet on the and of 
the greenhouse opposite the exhaust fan. Automatrc ven~ 
lilarion allows the homeowner to leave the greenhou~ unat· 
tended for periods of up to a few days. The less desirable 
alternative IS to leave the greenhouse vents open whenever 
overheating mtght occur 

The first heat~savmg feature studied was the use o r 
fiberglass Insulation on the north side or an east-w6~t 

F1gura 1. lntrastrucliJre of groonhauses used from 19R0-83. 
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F1gure? Greennouses at the Palmer Research Center where heat 
conservation and storage expartmonts 'l'ero performed 

oriented house (fig. 3}. For the curved-bow des1gn. we In-
sulated the north wall and north roof slope of d gable-roofed 
house. Insulation was 3 5 inches thick and rated at R· 1 1 
w1th the reflective surface on the 1ns1de of the greenhouse. 

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

Figure 4 A row of 18-gallon containors collected excess daytime 
heat and ro/8ased 1t during the night, but rep/seed one row of 
tomatoes. 
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Figure 3. Gre49nhouse with a standard fan msulated orr north side 
and nnds. 

A third modlffcatton was des1gned to avoid lha reduct.10n 
rn floor space requ1red for the water barrels by using the 
greenhouse soil ror heat storage. The method used solar 
ch1mneys des1gned to convect a1r through a container par 
tlally buned in the soli, thereby increasmg heat transfer from 
lhe greenhouse air to the greenhouse soli (fig. 5). 

A fourth modification used the soil for heat storage by 
mechanically circulating the warm greenhouse a.ir 1nto the 

Figure 5. Soil-warmmg treatment using solar chimneys. 



Figurv 6a. Basic layout for mechanic.at/y venting exhaust a1r through 
ptpes burled in greenhouse soil. 

cooler greenhouSd soil v1a a single-wall stove pipe 4 inches 
In dfameter buried to a 4-lnch depth (fig. 6) 

The final modif•catlon that mdtrectly increased the heat 
within the greenhouses was the use of solar-powered fans 
(ftg. 7). These fans ventilated at a considerably lower rate 
than did the alectrlc fans The solar fans provided only 
about 0 3 a1r changes per minute and did not cycle on and 
off hke the electrically powered fans. Rather, they ran con-
tinuously whenever the sun struck the solar modules. 

Experimental Procedure 

During the tour field seasons in which thts study was con-
ducted, every greenhouse, except for those using water 
barrels, contained twenty-four tomato plants (vanety 'Fan-
tastic'). Those with water barrels had room for only etgh-
teen plants. Plants at first bloom stage were transplanted 
directly into the greenhouse soli al. a 9-inch depth with 
20-inch spacing. lndavidual tomato plants were stRked at 
planting time and supported throughout the growing season 
(approximately June 1 to October 15) using string sus-
pended rrom the greenhouse ceiling (Wittwer and Homna 
1979) A 16- to 20-inch buffer was leH between the 
greenhouse penmeter and the plants All plants wtthln each 
greenhouse received equal applications of water and fer-
tilizer Each house was covered wilh a single layer of 4-mm 
polyethylene regardless of the other heat-saving measures 
used Tomatoes were harvested weekly In the early part 
of the season, biweekly dunng the peak harvest season, 
and weekly during the last portion of the growtng season 
Tomatoes were considered ripe and harvested just as they 
began to tum red. Sotl temperatures were measured 

F~guro 6b. A box bwlt nrounr:J a standard oKhaust fan served as 
a mamfold to <Jc;t;epr c;,,/ed air from t#Je sol/ pipes tnsulallon 
around the perimenter rstamod some heat with no foss of light. 

periodically to determine the relative success of the soil-
warming treatments 

This study was inttiated in 1980 with four greenhouses. 
Treatments included a control greenhouse and one just like 
1t which was insulated on the north side and on each end. 
One greenhouse of each type (insulated and uninsullated), 
was equipped with a bank of water barrels for solar heat 
storage along the north wall. 

In 1981 , the experiment was expanded to six 
greenhouses Four houses employed the same treatments 
as In 1980, and two addlt!onal houses were added The 
standard and Insulated greenhouses added were ventilated 

Figure 7. The solar fsns requtred no outside source of powBr. 
Because ot their low output they wore placed at tho pf'a~ where 
thoy would be more affect,.~e at removing excess heat. 
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with solar-powered fans. In full sunshine, the fans were 
rated at 250 cubic teet per mmute (elm), or 0.3 a1r changes 
per minute 

In 1982, the experiment was agam expanded, this hme 
to mc1ude a treatment ut11lzmg solar ~h1mneys lor warm-
ing the soil in standard and msulated greenhouses The 
premise was that, lf sa.lar energy could be stored in the sofl 
rather than in water barre~s. additional plant space could 
be obtained Presumably there would also be a d1rect 
benefit to the plants from I he warmer soli environment For 
this treatment ten solar chimneys per greenhouse were In· 
stalled consisllng of 3-pound coffee cans buried 1n the soil 
with two sectlons of black 4-inch stovepipe raised 21nches 
from the can bottom. We hoped this would move air along 
the can SJdes as it convected upward through tho stovepipe . 

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

Results 

Throughout the course of th1s study, success of a par-
ticular treatment or combination of treatments was deter-
mined using total tomato production as the primary in-
dicator. Soil temperatures were taken periodically to deter-
mine if the soil-warmmg treatments were performing as ex-
pected. Table 1 shows the total production and percentage 
of ripe frUJt for each year 

Both of the ongmal treatments initiated during 1980, In· 
sulatlon and heat storage, enta1led a compromise with 
another desirable realure T he msulation reduced incom-
ing solar radiation throughout the day, especially in the 
morning and evening . Tomato plants In th~ insulated 
houses grew 10 percent taller and appeared to have more 
total foliage. This phenomenon was observed 1n thE: In-

F1gure 8. Gray mold (Bolrybs cmerea) most likely rosu/tinq from 
excess humidity. 

sulated houses dunng succeedang years of study. Plants 
In the msulated houses ma~nlained a dark green color and 
were quite v1gorous Mold on the fruit became a slight prob-
lem later In the growing season (fig. 8) 

For 1980, the standard house with the water barrels out-
produced other treatments by 35 to 50 porcont This 1S Im-
pressive, oonsldering the reduction m grow1ng space. The 
msulated hous-e w1th water barrels, however, had the lowest 
total tomato production for that yoar. All of the mod1fied 
houses were able to provide an extended growrng sAason 
with a hjgher percentag& of ripe fruit than the unmod1f1ed 
houses. 

Table 1. Tomato yields and percentage of ripe fruit for treatments In unlnsulated and Insulated greenhouses at Polmer Re-
search Center for 1980 through 1983. 

Standard Fan Solar Fan Water Barrels So•l Exhaust Pipo Solat Chtmney -- --Year Untnsulateo lnsulatoo Unrnsulated lnsulatoo Unrnsulated lnsulaled Unon!;ulat~ Insulated Uninsulated Insulated 

1980 
Total rru1t (lb) 13.6 882 174.5 86.7 
Ripe(%) 24.3 650 56.0 58.3 

1981 : 
Total trurt (lb) , 16.7 925 141.9 91.3 107.7 94.9 
Ripe (0/0) 72.5 75 5 76.7 75.3 65.6 82.9 

1982: 
Tota l fruit (lb) 52 .8 63 5 99.1 84.4 70. 1 68.2 76.4 ' .7 Ripe (o/o) 66.4 61 0 n.3 46.7 69.8 42.0 71 .2 56.0 

1983. 
Total frui t (lb) 147.5 131 .5 187.5 140.0 146.4 145., 181 .2 128.7 
Ripe (%) 55.B 60.4 BS .9 84.5 60.5 n.s ao.o 80.9 

Average 
Frun (lb) 107.5 93 .9 142.8 105.3 124.7 98 7 
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In 1981 , msulation again was of no benefit and seemed 
to be detrimental. Insulated houses were more humid no 
doubt due to reduced condensation on the north wall and 
decreased avenues for moist alr to escape. As a result , 
mold became a negative factor in fruit set and production 

Houses with water barrels again showed the highest 
average y1elds per plant, thereby compensatmg for the 25 
percent reduction 1n number of plants. 

The solar fans performed well In their f irst year Yields 
for the houses w1thout the barrels were 18 to 24 percent 
higher for the one with a solar fan compared to those with 
the other treatments Solar fans were smaller and did not 
cycle as frequently as their electrical counterparts. In 1981, 
there was no thermostatic control of the solar fans, therefore 
they turned on earlier In the day, even though greenhouse 
temperatures were cool. Since excess humidrty may have 
been a major factor limiting yields wllh other treatments. 
the operating characteristics of the solar tans may have 
helped prevent water condensation on plant leaves and 
fruat. These small fans allowed higher daytime temperatures 
which may have camed over into the evening hours and 
ultimately Improved production. The treatments again 
lengthened the growmg season 40 days over the control 

In 1982, insulation was not particularly eftectiva for mosl 
treatments although a slight Increase in y1eld was noted tor 
the Insulated house with tho standard fan Y1elds were 
reduced when insulation was combined with any other treat-
ment, especially solar fans. Water barrels resulted ln 
reasonable yields, especially in Lhe uninsulated house 
Solar fans increased yields significantly over other 
treatments In both the Insulated r 16 to 25 percent) and unin· 
sulaled (23 to 47 percent) houses Solar chimneys were 
second in production figures Indicating they provided some 
benef1t. Thas is particularly interesting since no increases 
m selll temperatures were observed. The temperature m-
stde the black chimneys ranged from 95 to 100 degrees 
Fahrenheit dunng the warmesl part ol the day, mdlcating 
they were not drafting aJr flow through the buried container. 
No condensation was ever noticed in the underground por-
tions of the device and occasional smoke tests indicated 
they were not luncllonlng as expected. 

S1nce the solar chimneys produced no measurable In· 
c-:rease m soil temperatures during 1982, this treatment was 
replaced 1n 1983 when exhaust air was vented mechanically 
through so11 pipes. These treatments (insulated and unln-
sulated) each resulted In an average of 1 0 degrees 
Fahrenheltlnct ase in soil temperature at plant root depth 
Increased soil temperatures were most apparent 1n the 
afternoon and evening. Since routmg the exhaust air 
through the soil pipes required some a1r pressure loss. the 
so11 p1pe treatment exhausted less air and resulted tn 
somewhat warmer dayt1me temperatures. 

In 1983, all greenhouses had good yields. Weather con· 
ditions were favorable, and mold was no1 a ser10us problem. 
Under these conditions the insulated north bows were 
detnmental There was more yield reducuon resulting from 
reduced light than there were yteld mcreasas from warmer 
nighttime temperatures. The highest yields were obtained 

tram the solar fans or soli pipe exhaust system in the un-
modified plast1c-covered greenhouse. 

Conclusions 

There are several heat-conserving practices or green-
house features that can generally be expected to mcrease 
y1elds 1n unheated greenhouses (Ross et al. 1978). Of those 
tested, warming greenhouse soil With exhaust a1r was most 
effechve. and use of insulation was least effective. Ex-
hausting overhead air through soli tubes rnvolved extra cost 
both for the tubes and tor the additional elecuic power to 
operate the fans against increased resistance Cost of th1s 
option will vary with greenhouse size and configuration We 
d1d not detect any significant or potential problems that 
might reduce yields. Heat storage in the so11 probably Im-
proves plant growth and makes the otherwise lost heat 
available for warming the greenhouse aar at mght. 

The solar-powered fans worked well dunng 1981, 1982, 
and 1983. Thear most apparent disadvantage IS the relative-
ly high cost for the solar cell. The 250 cfm solar fans we 
used w~re rated at one air change every 3 to 4 m1nutes 
1n ful l sunlight dnd cost about $250 For comparable ven-
tilation capacttles, solar fans cost about twenty t1mes as 
much as conventional fans. However, we did find that w1th 
solar-powered fans we could get by with lower than com-
monly recommended ventilation rates. Solar fanr. would 
probably not be an economically sound investment it elec-
tricity were available, although the one--timo investment for 
a solar module and fan may be worthy of consideration ln 
remote areas of Alaska where elec~ric ity 15 unavailable or 
very expensive (Another, lower-cost, option for automatic 
greenhouse venttlataon that may have potential is the solar-
powered door opener ) 

PractiCes that stored heal above ground, such as water 
barrels, were beneficial In terms o1 yield per plant. Although 
floor space was reduced due to placement of the water bar-
rels, there would also be reduced labor In caring for eigh-
teen plants as opposed to twenty-four Our greatest suc-
cess w1th the water barrels was achieved 1n the unmsulated 
houses. 

Solar ch1mneys were abandoned aHer 1 year and re-
placed with the soil exhaust system. Since we did not record 
higher soil temperatures w1th solar chimneys, we do not 
recommend this treatment for home greenhouse use. 

The practice of msula!lng the north wall and roof of 
unheated greenhouses for the purpose of heal retention 
must be evaluated thoroughly Reduced hght levels may 
result in Increased vegetative growth and reduced fruit pro-
duction. Tomato plants became more spandty near the 
growing point This eHect Is probably more pronounced tn 
northern lahtudes due to the greater arc the sun ravels 
around the earth and, hence, the greenhouses. It tS poss•-
ble that greenhouses w1th gable roof des1gns, rather than 
the curved bow destgn we used, could benefit from north 
wall but not north roof lnsulabon, depending on their height-
width ratio The use of benches for starting bedding plants 
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would reduce the need for light through the north wall com-
pared to oof lighting. Heal conservation achieved by in-
sulation of foundations and any other opaque surfaces will 
always be benefteial. L1kew•se, perimeter insulation to keep 
the greenhouse soil from losing heat to the outside soil 
would be helpful without any negat1ve mfluance except cost. 

Common sense and understanding of the pnnclples in 
volved will be the gardener's best guide when deciding 
whether or not to spend money on the heat-savmg devices 
discussed here. Plain, cleru- greenhouses work, yet they 
can be improved If improvements are costly, then y1eld 1n 
creases should be m proportion to the costs incurred Each 
greenhouse is different, and the operator' s ability to Im-
prove and build the improvements himself from low-cost 
matenalc; may well determine if the required investment is 
sound. Improved knowledge ot how a crop reacts to the 
local environment will enable us to develop our greenhouse 
managa.rr.ent skills. 0 
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Wintering Beef Cows on Alaskan Barley 
And Subsequent Selenium Status 

By 

Leroy Ben Bruce • 

Introduction 

Feed 1s the s1ngle largest cost to the beef producer. This 
is an evan heavier burden in Alaska wrth a shorter grazing 
season and expens1ve feed. Hay or silage has long been 
considered the primary feed for wmter-
mg cows. In an effort to glve beet pro-
ducers another option, research was 
conducted to test the possibility of us-
Ing barley as a primary source of feed 
for wintering cows 1n place of hay. This 
esearch was conducted using Alaskan 
feeds, which are tow in selenium (Brun· 
dage 1985), and selenium status was 
constantly monitored. Addition of 
selenium by Intramuscular Injection was 
compared to nontreated animals to 
establish base-lme mformalion for 
devflloping recommendations for 
selen1um supplementation. 

Experimental Procedures 

Crossbred beef cows at the 
Matanuska Research Farm were used 
m two groups of five animals each for th1s study. They were 
weighed on 28 November 1984 and placed on rations of 
brome hay or hulled barley as major components. All feeds 
with the exception of limestone. trace mineral salt, and soy· 
bean meal were produced at the research farm . Nutritive 
values of feeds and ration composilioos are listed In Tables 
1 and 2, respectively Animals were allowed a 3-week ad-
justment period to their pens and rations. Each group was 
housed in a three-sided barn with open access to a pad-

·Assistant Professor, Animal Science, Agrlculturul and 
Fores'ry Experiment Station, Palmer. 

dock of about 5 acre. All cows were weighed and blood 
samples taken via jugular vempuncture on 20 December 
1984. Three ammals out of each group received In-
tramuscular selenium mjections (1 o miUihters of BO-SE, a 
trademark ol Burns-Biotec Laboratories, Inc.). The cattle 

were then weighed, bled, and. for the 
selenium-supplemented animals, In-
jected every 28 days until 10 April 1965. 
Feed samples and monthly blood 
samples were analyzed for selenium 
content and feed samples analyzed for 
dry matter. crude protem, neutral 
detergent fiber, ac1d detergent rlber, in 
vttro dry matter digestib1Hly, calcium. 
and phosphorus. Total digestib le 
nutrients (TON) for the feeds were 

estimated by regression equat1ons 
usmg acid detergent fiber values. 

Rat1ons were formulated to be 
sim•lar In nutrient content and to 
meet suggested minlumum nutrient 
levels (NRC 1 984); ration formula· 

tlons are presented in Table 2 To avoid 
feed sorting by the animals, rat1on com-
ponents were ground druly and m1xed 
completely before feedmg Rations were 

limit ted, with only enough teed placed In the feed bunks 
to allow each animal 19.6 pounds (hay/straw ration dry-
mattar basis) or 14 3 pounds (barley ration. dry-malter 
bas1s) daily. Enough feed bunk space (about30 Inches per 
head} was provided to allow all animals to feed simufta. 
neously, and feed was spaced In even amounts through 
the bunks. ensuring that all anrmals had equal pportunity 
ro feed 

Results and Discussion 

The nutritive needs of beef cows are commonly ex-
pressed In terms of TDN, crude prote10, calcium, and 
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Table 1. Nutritive values of Individual feeds fed to wintering 
COWL 

DMt TDNz CPl Ca4 P& Sel 
----- - - - ----
Brome hay 
Bartey straw 
Barley grain 
Soybean meal 
Limestone 

----·------ (% dry matter) --- (ppb) 
81 65 16 .46 .30 16 
85 44 3 31 .09 36 
82 80 10 17 .43 15 
89 84 58 .S!l 73 1109 

100 0 0 20 70 0 0 
1 tJry lltter ~total d~ll'Stibio nutrle'*, ~ cru~ p•otolr1, • calcrurn, 'Dh~horus, 
• l>fllt-n•um 

phosphorus. There are many sources of feedstuffs that can 
be used to meet these nutrient needs. This allows use of 
rations of different feedstuff combinations, but not without 
some limitations. Rations formula ted with grains normally 
carry more energy per pound than do rations with mostly 
roughage. Th1s could result in higher energy intakes than 
those desired if animals are allowed to eat the1r fill The 
desired energy Intake on a high-energy diet may be attained 
by 11mitmg feed consumption This must be done with some 
care s1nce the grain ration should be at least 15 percent 
roughage and both grain and roughage must be ground 
and m1xed to prevent sorting by animals When group 
feeding this type of ration. there must be enough bunk 
space to allow all animals In one pen to feed at the same 
time and feed must be spread evenly across the bunks. 

Table 2 shows the nutnUve valua and amounts fed to the 
beef COWS during the winter or 1984 1985. Tabl 3 ShOWS 
we1ght gam of hay and barley groups. Both performed 
equally well and w1thin desired performance expectations. 
showing the viability at using barley as a base feed tor 
wintering beef cows This study was not intended for 
econom•c analysis, but feed costs per day can be esti-
mated. Usmg average values reported by the Alaska Crop 
and L1vestock Reporting Service (1985), barley grain was 
worth $3 per bushel, brome hay $160 per ton, and barley 
straw about $140 par ton. Soybean meal was estimated at 

Table 3. Beginning and ending weights for beof cows fed hay 
or gmln and selenium •upplemented or unsupplementec:l. 

Cow weight 
Seientu111 No selenium Averages 

(lbs) 
Brome hay ration 

December 20, 1984 1031 H31 1071 
Apr 10, ,985 1093 1128 1107 --

Gain or loss •62 -3 + 36 
Barley ration 

December 20, 1984 1125 1093 1112 
Apnl 10, 1985 1172 1178 1174 

Gain or loss + 7 +85 T62 
Averages 

December 20, 1984 1078 11 12 
Apnl 1 o. 1 985 1132 1153 

Ga1n or loss ... 54 +41 
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Table 2. Nutritional requirements or and dietary nutrlllve 
values and amounts fed to wintering cows. 

Amount provided 1n dry maner 
lngrsdtents WrJigt11 TON CP Ca p Se 

Hay ration - (lbs) (ppb) 
Brome hay 8.8 5.7 1 4 040 .026 16 
Barley straw 10.7 47 3 033 .009 38 
Limestone .1 0 0 020 0 0 - - --

total ,9,6 10.4 1.7 ,093 .035 27 
Gram ration 

Barley straw 2.1 .9 1 007 .002 36 
Barley grain 11.3 9 1 1.1 .020 .049 15 
Soybean meat .5 .4 3 002 .004 1109 
Limestone .3 0 0 055 0 0 

total 14.2 10.4 1.5 084 055 56 

Nutrient requirements 
1000-lb cow 19.6 10.4 LB 050 040 100 

$400 per ton. Ltmestone and salt were not included in price 
estimates because or the small amounts used Using these 
alues, the hay/straw ration cost $1.55 per head per day 

to feed and the barley ~rain rations $1 .1 4. 
Selenium has been shown to be a necessary element for 

beef catt le. but one that can also be toxlc (NRC 1984) The 
mmlmum des1red love11n reedsluffs for beef cows is about 
100 parts per billion (ppb}, and the tox1c level is around 200 
ppb for cattle (NRC 1984). Alaskan reeds are low in 
selenium content and pose potential deficiency problems 
(Brundage 1985). Selenium Is eas11y supplemented by In· 
tramuscular InJection of liquid selenium or by usmg feeds 
with a high selenium conlent. Table 4 shows lhe amount 
of selenium in the blood of the beef cows at the stan and 
end of th1s trial. The normal level is about BO ppb In blood, 
and blood values are considered a good Indicator of 
selenium status. 

Table 4. Beginning and ending blood selenium content for 
beef COWli fed hay or graln and selenium supplemented or 
unsupplemented. 

Aroount ol selenium 111 caw blood 
Seteo•um No selen1um Averages 

Brome hay ratton 
(ppb) -

December 20, 1984 18 23 20 
April 10, 1985 67 23 49 

Gain or loss +49 0 t-29 
Barley ration 

December 20, 1984 20 25 22 
April 10, 1985 80 48 67 

Ga1n or loss -60 +23 +45 
Averages 

December 20 1984 19 24 
April 10 1985 74 35 --Gatn or loss !'55 ooj- 11 



These cows. which had been mamtained prior to the trial 
solely on Alaskan feeds, were selenium deficient when the 
I rial started. While no overt physical symptoms of selenium 
deficiency could be seen, their conceptton ra1e was only 
30 percent. This cannot be linked positively to selen1um 
deficiency, but is normally considered a symptom Table 
2 shows the selenium content of the rations. Both rations 
were below the accepted 100-ppb requirement tor beef cat-
tle diets . Selenium-injected cows showed a marked in· 
crease in blood selenium content, but were still below the 
desired !evel. The monthly inJeCtions of 10 milliliters per 
head of BO-SE was not enough to restore acceptable 
selenium status. The cattle wintered on the barley diet had 
substantial increases In blood selenium content over the 
hay group (table 4). Apparently, the soybean meal. which 
was added to the barley diet as a protein supplement, con· 
tained enough selenium to raise the blood values The soy-

bean meal component in the dlet was small, and thts in· 
dtcates that only small amounts of feed with normal 
selenium content are needed to raise blood levels. 

Future research will establish correct supplementation 
levels with selenium tnjectlons for Alaskan cattle as well 
as investigate supplementing w1th feed components 1 
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Feeding Tanner Crab Meal to 
Holstein oa·ry Calves 

By 

Arthur L Brundage• 

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

I have also studied the use of tanner crab meal lo replace 
soybean meal in concentrates fed to growing Holsteln 
heifers and steers In thiS expenment. thirty-two heifers and 
thirty· two steers were led one of four different concentrates 
m groups of four from 8 weeks to 1 year of age. The ex· 
perlment was conducted for 2 years; tour pens at four 
heifers and four pens of four steers were led each year. 
Concentral~s were mixed to contain 20 to 21 percent pro-
tem. The control concentrate contalned 19 percent soybean 
meal and no tanner crab meal. The other three concan· 
trates were formulated so that protein In tanner crab meal 
replaced 25. 75, or 100 percent of soybean meal protein . 

·Professor of Animal Science, EmerHus, Agricultural and 
Forestry Elcperiment Station, Palmar. 

40 Agrnbmeails 

These three concentrates were 14, 5, and 0 percent soy· 
bean meal and 7.5. 22.5, or 30 percent tanner crab meal. 
respectiVely. Table 1 hsts the composition of the four con-
centrates fed, and Table 2 ltsts the chemical analyses of 
tanner crab meal, the four concentrates, and the hay and 
silages used in the experiment 

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

Catves were weighed and measured for wither height, 
heart ginh, and paunch girth at 8 weeks of age and every 
4 weeks thereafter. Linear regression coefficients for 
liveweight and body measurements on trme were calculated 
and found to be highly significant; increases in weight and 



Table 1. Ingredient compoattlon or coneentratu. 
Conc&rwat&s 

0% 7.5% 22.5qt 30~b 
I ngredionls TCM• TCM lt:M TCM 

(%) 
Corn 4.9 4.9 4.9 4.7 
Bartey 45.0 45.0 45.0 45.0 
Muced feed oats 10.0 8.3 2.3 0 
AHalfa meal 10.0 10.0 10.0 10.0 
L10seed meal 7.5 7.5 7.5 75 
Soybean meal 19.0 14.0 5.0 .0 
Crab meal' .o 7.5 22.5 300 
Molas~s 2.0 2.0 2.0 20 
Monocalctum phosphate .4 0 .0 0 
Dlralclum phosphate .4 0 .0 .0 
Trace mineral salt .8 8 .8 .a 
Vitamin A (2000 IU) 
Vitamin D2 (6000 IU) 
1T1111ner ort.D mea 

body measurements between 8 weeks and 1 year of age 
were best expressed by straight lines. Linear regression 
coefficients calculated for each animal were used in the 
statistical analysis of weight and measurement data, defin· 
lng the 2 years and the rour concentrates as main eNacts 
influencing calf grow1h, In addition to the Interaction of year 
of experiment with concentrates fed. Data from the heifer 
and steer groups were analyzed tndependenlly because 
calf sex was completely confounded With degree of en-
vironmental stress: heifers were rarsed inside the bam: 
steers were raised outside tn small, open shelters. It was 
Impossible to measure individual feed consumptton 
because calves were maintained and fed ln groups of four, 
but routlne observations were made on the apparent ac· 
ceptabillty o f the four different concentrates to groups or 
calves. 

Adding up to 30 percent tanner crab meal to concentrates 
did not appear to affect adversely their acceptabihty to 
either steers or heifers. When the same concentrates were 
fed to lactating Holstein cows •n greater quanhtl8s, 22.5 and 
30 percent tanner crab meal reduced acceptability (Brun-
dage et a l. 1 984). 

Table 2. Chemical •nalyHS or ration ~omponenb. 

0% 7.5% 
Analysis TCM1 TCM 

Dry matter t%) 876 88.0 

Celt wall ( b) 28.7 25.6 
Acid detergent fiber (%) 11.5 1~8 
L1gn•n (%) 2.3 2..3 
Cellulose (%) 8.8 9.9 
In vttro dry matter disappearance (~b) 81.9 80.5 
Crude protein (%) 20.0 20.9 
Calcium(%) 0.76 1.65 
Phosphorus(%) 0.55 0.54 
Metabolizable energy (Mcalllb) 1.43 1.40 
•T•nn crab meal. 

Table 3. Weight, wither height, heart gJrth, end paunch ginh 
or 1 ·YIIItr-old Holste., alee,. and helfen1 fed rour dltfenmt 
concentrates. 

0% 7.5% 225% 30% 
TCM' TCM TCM TCM 

Steers 
Weight (lb) 759 699 700 674 
Wither height (In) 49.5 478 47.3 47.2 
Heart gn1h (1n) 66 1 839 6-4 .a 63.4 
Paunch glrth ~n) 82 1 80.2 800 80.6 

Heifers 
WeltJht (lb) 714 699 700 700 
Wither height (In} 48.7 47.9 47 9 48.7 
Heart girth 0n) 63.1 63.2 629 63.8 
Paunch girtn (ln) 777 78 0 772 76.6 
•TaniH!r crab m~l 

Regression coefficients calculated for we1ght and body 
measurements relative to time were used to est1mate weight 
and body measurements tor heifers and steers when 1 year 
old These estimates are shown In Table 3. HeHers fed con· 
cenlrates contatnmg tanner crab meal :.wlghed less at 1 
year than those fed concentrates w1th no crab meal, but 
differences were not slgntllca.nt. Regressions of wither 
height on ttme were slgmficantly different far heifers fad dif-
ferent concentrates, but the magmtude of w•ther height dif-
ferences at 1 year appeared to be ol little biological con-
sequence, 

Differences between regression coefficients for weight 
gam in steers were statistically significant. Steers fed con-
centrates containing e1ther 7 .5 or 22.5 percent tanner crab 
meal weighed 60 pounds lass at 1 year than those led no 
crab meal Those fed 30 percent crab meal weighed BO 
pounds less than those fed none. With the exception of 
weight gains, steers were not significantly affected by diets 
fed. 

Steer hear1 girth was signlfican!ly greater the second 
year; olherwlse, year of experiment had no effect on steer 
growth. Heifer weight, wrther height, heart girth, end paunch 

22.5% 30% 
TCM TCM TCM Hay Silage 

89.1 89.2 91 .5 83.8 352 
(dry basis) 

25.6 27.2 :,!3.3 670 67.3 
12 9 14.8 20.2 33.8 38.9 

1 7 2.0 1 7 3.6 6.0 
10.2 11.3 18 9 26.2 J0.2 
80.5 79.8 75 5 67.7 58.0 
2 1 1 21.3 306 12.4 114 

3.42 4.1, 14.02 0.24 0.23 
0.75 0.75 1.71 0.53 0 .66 
1 40 1,39 130 , 13 0.93 
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girth were all significantly greater the second year of the 
experiment. There were no stgnificant Interactions between 
year of expenment and concentrate diets fed to elther steers 
or heifers. 

Results from this study suggest that tanner crab meal 
can be led to Holstein heifers as 30 percent of the concen-
trate portion of the diet without adversely affecting growth 
when animals are ho~se~ m a warm bam. Results also sug-
gest possible reduction 1n rate of gain when tanner crab 
meal is included In diets fed to Holstein steers housed out-
side with m1nlmal shelter throughout the year. Because 
steers and heifers were maintained under different hous-
mg systems throughout this study, results do not define 
possible Interactions between sex and concentrates fed that 
are not completely confounded by conditions of the experi-
ment. Adding tanner crab meal up to 30 percent of the con· 
centra.tes fed did not appear to affect adversely palatabili· 
ty of d1ets to e1ther steers or heifers. In Alaska, where tan-
ner crab meal IS produced and more traditional prote1n sup-
plements. su~h as soybean meal, must be imported, there 
Is an econom1c Incentive to use tanner crab meal to replace 
soybean meal if the unit price for protein Is Jess In the former 
than In the latter. I 
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Introduction 

Who's planning Alaska? The Cooperative Extension Ser-
vice (CES) at the Universrty of Alaska recently published 
a handbook to answer this question. Called Who's Plan-
nmg Alaska: The Alaska Planning Directory, the document 
summarrzes lnnd plans prepared by federal and state agen-
cies, boroughs and C1t1es, and Nat1ve corporations In 
Alaska. 

The need for the directory first became evident In 1984. 
At that time, CES recogmzed that a great number of land 
plans had been completed since 1980 and that many more 
plans were 1n progress or anucipated m the near future. 
CES recognized that although these plans Influenced the 
peopte and land throughout rural Alaska, there was very 
little documentation on them. Each agency kept lis own 
records; there was no central source that planners or the 
pubhc could tum to for 1nforma1ton. Only a few professional 
planners employed by larg9 agenc1es knew what was 
happen Ina 

The lack of documentation .vas causing two problems 
' :tt interested CES. First. it complicated coordination 

among planning groups and their plans. Coordmation re-
qutres time, money, and personnel. Large agencies are 
usually better able to hire professionals spec1f1cally to 

• Assletant Professor, Land Resources Plannlflll, School of 
Agrfculture and Land Resources Management, Fairbanks. 

. J ' ,t) 
oversee coordination, but small entities, hke village corpora· 
lions, can face nn unacceptable burden As a result, plans 
are not always compatible. G1ven tho compla land owner-
ship pattern in Alaska, incompatlb (, plans may senously 
hamper future tand management and resource develop-
ment efforts in Alaska. 

Second the large number l)f ans were overwhelmrng 
the public. Wtlhout adequate documentation it had been 
nearly tmposs1ble for peoplf' t"> keep up w1th the plans as 
they were being Initiated, prepared, reviewed, and put into 
action. Not only were there many plans, but each agency 
was using a different planmng process and difforontterms. 
Even for professional planners. the procedures and jargon 
of other agencies often posed a barner to communlcallon. 
The variety o f plans, each With 1ts own outline and 
language, easily contused the public. Given the number 
and character of the plans, and the groat distances and bad 
weather separattng people from planners, participation was 
often less than Ideal. 

Both probl ms fit within the scope of CES responstbilitv. 
to providG Information to people that will help them ma~<.o 
bodtter decisions 1n their personal life and in their communrty. 
In the summer of 1984, CES authonzed preparation of the 
directory. 

Background 
A senes of laws passed over the 1at.t 26 years reated 

the recent surge in land ptann•ng Thasfi laws established 
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planning units and either required or encouraged land plans 
for these units. The major laws and their effect on planning 
are: 

• The Federal Housing Act of 1954 required that a com· 
munity prepare a comprehensive or master plan as a 
prerequisite to receiving lederaJ urban renewal and hous-
tng funds Boroughs and cit1es were affected The first 
plans were completed in the mtd-19605 w1th other com-
munities completing plans at a relatively uniform pace 
ever sine& 
• The Alaska Statehood Act of 1958 gave the state the 
right to select 104 million acres from the public 
domam-the 370 million acres (99 percent ot the state) 
then managed by the Bureau of Land Management 
(BLM). ThiS act, umqu among the fifty states, contain-
ed a special title on natural resources that required the 
Department of Natural Resoures (DNR) to classify and 
plan state lands once they were rqceived. Several DNA 
divisions are now actively mvolved tn land planning. 
• The Alaska Native Claims Settlement Act (ANCSA) of 
1971 establlshed 12 tn·state, land-holding Native cor-
porations (and one out-of-state, non land-holding corpora-
lion) and more than 2i 0 village corporations. It autho-
rized these private • for-profit" corporations to select 44 
million acres from Identified public domarn. Each of the 
regional corporations and many of the village corpora-
tions are now involved in land planning. 
• The federal Coastal Zono Management Act of 1972, 
supplemented by the Alaska Coastal Management Act 
of 1977, encouraged local governments to Include 
federal coastal goals In their comprehensive plans. The 
program involves twenty·elght boroughs and cities and 
ftve special "coastal resource servrce areas" that repre-
sent parts ot the unorgamzed borough. Each of thirty-
three coastal districts has been actively planning. 
• The Resource Planning Act (RPA) of 1974. augmented 
by the natrona! Forest Management Act of 1976, required 
the US Forest Service to prepare national, regional, and 
forest level plans. In Alaska. the Forest ServiCe manages 
24 mrllion acres In two national forests, the Chugach and 
Tongass of southcentral and southeast Alaska, respec-
trvely. Both forests have well developed planning pro-
grams. 
• The Federal Land Pohcy Management Act (FLPMA) 
of 1976 changed the Bureau of Land Management's 
operatmg goals from land disposal to land management. 
The act required BLM to prepare comprehensive plans 
for the land it will retarn following tho Alaska National 
Interest Lands Conservation Act and serecllon by the 
state and natives. The BLM Is In tht. process ot prepar-
ing the required plans. 
• The Alaska National Interest Lands Conservat1on Act 
(ANILCA) of 1980 established thirteen national parks and 
preserves s1xteen national wildlife refuges: two r =~crea­
tion and conservation areas, and numerous wild and 
scenic rivers, wilderness areas. and other special areas. 
The act requtred that the managing agency prepare a 
comprehensrve plan for each unit. The Natconal Park 

Service ts near completion of its plans: the US Fish and 
Wildlife Service expects to complete all plans by 1988. 

With each act the number olland units and the pressure 
to propare land plans increased Although somo munrci-
palitres began planning tn the mld-1960s, uncertainty aboul 
whtch agency or corporation was to receive what land ef· 
fectrvely prevented planmng until this decade. The primary 
source of delay was ANCSA whrch established the Joint 
Federal-State Land Use Planning CommissiOn to study 
lands in Alaska that have national interest. The commis 
sion's task focused federal , state, and Native attent1on on 
the selectron process dunng the 1970s Only after ANILCA 
clanfied which lands the federal government would retam 
1n 1980 could planmng for most of Alaska's land begin In 
earnest. 

Thus, although the legrslative mandate for planning ex-
tends ovt:~r three decades planning for most of Alaska lands 
has just started. And although thiS surge is less than five 
years old, it has already transformed the majority of 
Alaska's land from "unplanned" to· planned ' In the haste 
to get plans completed, no one unt1l now, has taken 
respons btllty for documenting all of the many planning 
efforts. 

The Collection Process 

The f1rst CES ctJon was to def1ne the scope of t e direc-
tory 1n three areas· subject matter. planning scale and en-
tity (agency or corporation) Involved. Concernmg subject 
matter. the directory focuses on land plans. often called 
land use, general, comprehensive. or master plans In com-
piling the directory, CES's intent was to Identify manage-
ment units and the1r associated plans. This focus excluded 
a variety of narrower plans and studies, such as transpor· 
tation plans, capital Improvement plans, busmess plans, 
resource mventories, and management plans for specific 
plant or animal species 

Land plans can range 1n scale from nationwide to srte. 
The directory focuses on larger plans, including those on 
a national, statewide, regional ')r area scale. An exception 
is made for small municipalttlo~; and village corporations 
for which a primi:lry land plan may cover a few hundred to 
a few thousand acres. 

The drrectory looks at four major groups of plannmg en-
tities. federal agencies, state agom es. municipalitrtes. and 
Nattve corporations. Subgroups for federal and state agen· 
c1es include only those w1th direct, substantial. land-
planning responsibility. Agencies wtth minor holdings, such 
as tho University of Alaska, with about 130,000 acres, were 
not included The directory includes a I muncipalities and 
Native corporations even though second-class c1tles and 
pnvate corporations have no legal mandate to prepare land 
plans. Some of both groups have prepared or :1re prepar-
mg plans. They were included to help further the directory's 
goals of improved coordinatron and participatron. 



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

Second, llbranes of the University of Alaska-Fairbanks, 
the Alaska Resources Library In Anchorage, and the 
Department of Community and Regional Affairs (which 
assists local communllles with land plans) added to the list. 
The library searc11 substantiated the need for better 
documentation: no more than 50 percent of listed plans 
were available In any single library. 

Th1rd, the agencies or enlilies themselves provided data. 
FederaJ and state agencies corrected a draft list sent to 
them; boroughs and regional NatiVe corporations corrected 
a draft list over the phone; and, the first- and second-class 
clttes and Native village corporations responded to a mailed 
questionnaire. 

The present l1st of plans is still considered a draH CES 
pohcy requires that the first publicatiOn of such summaries 
encourage corrections and revisions. Comments and cor-
rections receiVed will be combined with more accurate and 
detailed maps and superior printing to produce r1 "final" 
document In 1986. After that, CES will update the dtrec-
tory on a periodic basis. 

Summary of Plans 

Who's Planning Alaska The Alaska Plannmg Directory Is 
divided into four sectJons: federal agencies state agencies, 
muntclpalitles, and Native corporations Each section Is fur-
ther subdivided mto major planning ent1t1es. For each enti-
ty there is a brief deS<:ription of thelr reason for plannmg 
(Including the applicable legislation) and the types of plans 
thoy prepare. For agencies and municipalities there is a hst 
of plans completed or in progre-ss and a contact person. 
For Native corporations, the presence of a plan 1s simply 
noted with an asterisk with a contact provided. Maps snow-
ing planntng units and management units, If different, are 
provided where avaflable. 

The directory includes both prlmBfY and secondary land 
plans. A primary plan meets one or more of three criteria. 
(1) it is of national, state, or regional interest; (2) 11 is the 
central, comprehensive plan for a community or corpora-
tion of any stze, or (3) it involves public participt1on as a 
legaJ requirement. Thus, primary plans may include the en-
lire slate or they rnay represent a small commumty. 

Secondary plans may not meet one or more of the 
criteria, but thoy are still, clearly, major land plans and often 
have substantial public interest. Most secondary plans in 
the directory are either subplans of a primary pian or are 
plans prepared under special leg1slatlon or administrative 
action. The summary that follows concerns only primary 
plans. 

Federal Agencies 

Four federaJ agenctes.the Bureau of Land Management, 
Forest Service, NaltOnal Park Service, and Fish and Wlldhfe 
Service, prepare plans for almost 220 mfll1on acres (59 per-
cent of the land In Alaska} Other listings In this section tn-
clude the Department ot Defense (DOD), Coastal Zone 
Management (CZM). and Alaska Land Use Council (ALUC) 
DOD manages several mtlhon acres on five military bases 
and on f lood-control/recreation project. CZM and ALUC 
are mcluded here because they onginated with federal acts 
Although CZM goals are implemented through community 
plans, they are "'nsidered "pr1mary" and are included in 
the summary because of thetr high level at public participa-
tion. The ALUC conducts a wide range of stud1es and plans 
Only the Bristol Say Reg1onal Plan, however, ts considered 
a lrue land plan and is Included. 

Table 1 lists these agencies, the acreage they manage, 
the number of planmng umts or plans involved, and the 
number of plans complete or In progress ,., some cases 
the number of planning units or plans Is not the same; when 
lh1s occurs the larger number Is used The acreage figure 
for CZM IS an estimate of the amount of land actually in-
fluenced by CZM goals. Acreage tor ALUC IS for the Bristol 
Bay Management Plan . CZM and ALUC figures are in 
parenthesis because they overlay other planning units and 
are not used when determining total acres. 

Table 1. Summary or federal agency primary plans 
Acres ?ian..<;/ Pia !'Is Plal15 Ill 

F&deral agency 1m111ionsj units comple!e progress 
Bureau or Land Managamenl 65 10 6 4 
Forest SefV!ce 24 5 5 0 
Naliona Park Se!Vice 52 'l3 13 0 
Rsn and Wildlife Se!VIce n 18 5 8 
Department of Defense 2 6 6 0 
Coastal Zone Management (100) 33 16 16 
Alaska Land Use Council (31) 1 1 0 - -

Total 220 84 52 28 

The Bureau of Land Management has several older com-
plete plans tha must be redone to meet FLPMA re-
quirements. The anticipated revisions are not Included 1n 
the column labeled "Plans Complete." 01 the National Park 
Service plans, lour are complete and approved and nine 
are presently out for pubhc rev•ew. All Par~ Service plans 
are listed as complete however. 

State Agencies 

Three divisions of the Department of Natural Resources 
prepare land plans The Division of Land and Water 
Management 1s responsible for the vast matonty of the 
state's 104 million acres (28 percent of the state) The d~vl­
sion prepares the statewide natural resource pol1cy plan, 
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the state's regional nver basin plans. and special area 
plans. The D1v1s1on of Parks and Outdoor Recreat1on 
prepares two types of statewide plans and has prepared 
or is preparing several regional plans. tt manages 11 0 parl<s 
of which 10, totaling 4 million acres have master plans that 
meet the ''primary" critena. The Division of Forestry 
prepares a statewide forest plan and general plans for 1ts 
two forests. 

The state s also mvolved 1n planning through the Depart· 
ment of Community and Regional Affairs, Div1S1on ot 
Mumclpal and Regional Assistance. This division helps 
groups of communlhtles prepare regional plans (It also 
helps Individual communlt!es prepare comprehensive 
plans, wh•ch 1s discussed in the next sect1on.) Table 2 sum· 
marizes the primary plans prepareo by state agenc1es The 
Community and Regional Affa1rs acreage rigure is an 
estimate. The f1gure rs m parenthesis because it overlays 
othe1 plannmg un1ts and Is not 1ncluded In the total, 

Table 2 . Summary of state agency primary plant. 
Acres Plans/ Plans Plans 1n 

Sltile ageocy :;.._......:.._ __ (m1ll ons) units complete prograas ___ __:_ _ __;.. 

Land and Water Orv1S10n 
Park<; O.vision 
Forestry Drv1sion 
Communlty/Reg.anal Affarrs 

Total 

Municipalities 

96 20 a s 
4 15 12 0 
2 3 2 I 

(80) '1 1 4 

104 43 23 10 

In Alaska, the tenn · mumcipahty" Includes boroughs and 
c1ttes ana combined boroughs and c tt1es called unified 
home-rule governments This sechan 1s presented in rive 
parts· ( 1) unified home-rule governments, (2) boroughs, (3) 
home-rule crties, (4) first-class l;ities, and (5) second-class 

1tles. Of th1s group all have the obligation to prepare land-
use plans except the smgle third-class borough (Haines) 
and second-class cllles. Boroughs are responsible o plan 
for cities w1thln 'heir boundaries 

Boroughs and cit1es, unlike federal and state agenc1es. 
are primdrlly mvolved In planning of pnvate land Although 
the boroughs encompass 93 million acres (25 percent of 
the state) over 95 percent of this acreage Is managed by 
the federaJ or state government or by Native corporations. 
Hence. acreage figures shown 1n fabte 3, 1n parenthosls, 

Table 3 . Summary of municipal primary pl-ans. 
Acreage otaosl PlaflS Pla1 s m 

Munic·palily (millions) unrts co•nplo w progress 

lJnlrtod t1ome rule ( 16) 3 J 0 
Boroughs (78) 7 7 0 
Hor1P rule cilies n.a 9 7 0 
First-class cltres n.a ?1 16 3 
Seconel-Ciass crhas n.a 118 29 20 

- - -
rota I (94) 156 62 23 

46 i\grouofl.'Ji i-. 

are not included in the final tabulation. Acreage figures for 
Cities are not available but thE total Is considered mmor. 
The number of ''plans 1n progress" Is an estimate based 
on questionnaire responses. 

Native Corporations 

ANCSA perm1tted Nat1ve regional and village corpora-
tions to select 44 million acres (12 percent of the state). 
The corporatiOns, as pnvate businesses, have no obliga-
tion ro prepare land plans or to make them pubhc. All twelve 
land-holding regional corporations are mvolved In land plan-
mng but only two are thought to have completed the 
eqUivalent of a comprehensive plan for their land. 

Although ANILCA established 210 village corporations, 
mergers with reg1onal or other VIllage corporations have 
reauced this number to 177. (A recent merger not includ· 
ed In the draft summary rurther reduces this number to i 68 ) 
Most village corporations are still Involved in the convey· 
a nee process even though they have received the bulk or 
their entitlement. less than twenty VIllages have completed 
land plans but many more are 111 progress, or are an 
tlcipated (table 4) . 

Table 4. Summery of Native corporation primary plans. 
ACie. Prans/ ~lai'\S Plans rr. 

Nallv corpatatron (mrllrons) untts complete progress 

Reg1onal corporations 16 12 2 10 
Vlllago corporauons 28 177 10 30 --

Total 44 189 21 40 

Table 5 summarizes tables 1 through 4 . Alaska is now 
d1v1ded Into 472 pnmary planning units. Each unit, at least 
potentially. Involves a land plan. 01 this number, 436 are 
autonomous umts and 39 (Including CZM. ALUC, and CAA 
plans) overlay other units. Boroughs are considered 
autonomous In th1s count as each borough plans for one 
or more autonomous Clty(les). A total of 158 plans are com· 
plate, and 101 are In progress. Assum1ng all planmng units 
ventually complete plans, there are 213 add1t1onal plans 

yet to be 101tlated Not all entities must plan, however Ono 
oorough, 116 sE-cond-class crties, and all 199 Native cor-
porations have no legal ob tgdtlon to prepare land plans 

Table 5. Summary of primary plans by SKtlon. 
Acres Plans/ Plan!; Plans m 

Summary (rr•illlons) un11s ' omplet~1 f!rogress 

Federal agencres 220 64 52 28 
State agencies 1(}1:. 4,1 23 10 
Mumcipallties 1'56 82 23 
Native corporations 44 189 21 40 -- -Total all plans 368 472 158 101 

"'lot rf!qurred 44 306 50 50 
--

Tolal required plans 324 166 108 51 



Discussion 

Although the dtrectory was prepared as a tool for coor· 
dlnation and partic1pat1on and not as a research study, it 
provides several insights into Alaska's land planntng. First, 
it is apparent that Alaska is midway in preparation of plans, 
at least in terms of gross numbers. Of the 472 total plans, 
46 percent have not been started. Assuming all entities with 
land units prepare plans, there Is still substantial work to 
be done. This assumption 1s supported by the large number 
of "not-required" plans already complete or anticipated. 
Most reqwred plans. however, are either complete (65 per-
cent) or m progress (31 percent), leaving only 4 percent yet 
to be started. The large number of planning umts without 
plans should support a high level of planning well into the 
1990s. 

Second. I he large entitites are far ahead o r the small en-
ttties in number of plans complete or In progress. Federal 
agencies have completed or have In-progress 95 percent 
of their plans, state agencies 75 percent, municipalities 54 
percent. and Native corporations 32 percent. Second-cl11ss 
cities and village corporations have the advantage of us-
Ing data collected by larger entititres, but they may also 
have the disadvantage ot havmg to work with or around, 
established plans 

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

rourth, the number of plans and the acres planned has 
jumped dramatically In thiS decade Pnor to 1980 there were 
probably no more than 50 primary plans. mostly borough 
and c1ty comprehensive plans. An additional100 plans, In-
cluding the mator federal and state plans. have been com-
pleted In the past 5 years,. The change from "unplanned" 
to ··planned" has been very rapid 

Fifth, land-use plann1ng efforts are not hkely to dimmish 
in Alaska in the forseeable future There are many pnmary 
plans yet to complete; there are numerouli pnmary plans 
that require specifiC subplans as part ol their implementa 
tlon; and all plans need periodic updates, often as froquant· 
ly as every other year. 

Sixth , Alaska s lands are publicly owned. With the ex-
ceplion of that land owned by NatJVe corporations, less than 
2 mtlhon acres (.5 percent) is privately owned The largo 
number of plans and the acreage involved express the.. fact 
that Alaska Is, and w1ll be. a state planned and managed 

through government agencres-and agencies use plans to 
make and justify decisions. 

Conclusion 

Alaska, in a single decade, has gone from J state with 
almost no planning, i.e .• the "Last Frontier, to a state 
dominated by plans. Alaska has expenenced more plan-
mng in 5 years than most other states have seen in the past 
50 years. The reasons are many. Alaska has far mor~ public 
land than other stales. and public land Is managed through 
plans. Also, Alaska has special legislation. particularly ANC 
SA and ANILCA, whtch created management umts andre· 
qu red plans. 

Smce 1980, Alaska has been caught up 10 a tlood of 
plans. Who 's Pranmng Alaska. The Alaska Plannmg Direc-
tory has caught the ftrst stream of plans m1dflow. Once the 
surge c; past, however, there w1ll be a steady now of plans 
for an mdermtw period. CES w II updalo the directory 
periodically to keep tne documu t current and accurata. 
W1th this publication, both agcn tes and public ahke will 
be able to answer the question, "Who's Planning 
Alaska?' 'O 

References 

AEIDC 1984. Current rosearch profile to( Alaska, 1964. Arctic 
Envlronmentallnlormallon and Data Center, Univers·ty 
of Alaska·Anchorage. 

CRA. 1982 Bibliography ol Alaska plannina repons, January 
1978 ~October 1982. D1vis10n ot Community Plannmg. 
Departmenl ol Community and Reg•onal AHatrs, State 
of Alaskd. 

~Jaeger, L 1984. Status of land and r8$0urce plunnmg 1n the 
Tanana Chiefs Conferene. Inc;. rog1on. Tanana Chiefs 
Conference. Inc 

JFSLUPC. 1979. RegiOnal p!annmg 10 Alaska. Recommendations 
adopted by the Joint Federai-Stato Land Us;: Plan g 
Comm4SSion. 

OMB. 1983. Stale of Alaska 'nventory: Ex cuhvE branch long 
range planning proJects Office of Man"'gomcnt :1nd 
Budget. D111ision of Strategic Plaomng. State ol Alaska. 

Editors Note: Fora copy of tha latasr ed1tJon of Who's Planning 
Alaska: fhe Alaska Planning Directory, contact the uuthor or the 
Cooperative Exrens1on Service, Umvers1ty of AlaskR, 279 Efelson 
Building FaiftNJnks, Ak 99775·5200 

Vol. 18, No. 1, 1986 47 



Cross-Country Skiers • •n 
A Comparison of Participation Patterns an(j Site Characteri ti Preferences 

By 

W .D. (Bud) Rice • and Alan Jubenvlll 

Introduction 

Wtnter recreation has incfeased dramatically tn the 
United States in recent years Cross-country skiing has 
becomo one of the most rapidly growing wmter recreational 
activities. Prior to 1960, almost anythmg written about cross­
country stding had to be prefaced wtth explanatory remarks. 
More recently, the activity has become very popular, par-
licularty in the snowbelt regions, and most people know 
what " cross-country" or "Nordic" skiing lmpltes Winter 
recreation managament has focused on this act1vity out or 
necess1ty, but unfortunarely recreation management 
research has not kept pace. The study reported here is a 
response to the need to better understand skier behavior 
and preferences 

Cross-country skiing first began in the Scandinavian 
countnes approximately 4,500 years ago. Laplanders used 
skis for huntmg and herding of reindeer. Skis provtded an 
efficient means of transportation for survival and work In 

"Graduate Research Assistant, School or Agricultural and 
Land Resources Management, Univenslty ot Alaska-Fairbanks. 
• • Associate ProfGssor, Resource Management, Agricultural 
and Forestry Experiment Station, Fairbanks 

snow country Norwegian m1ners introduced skis to the U.S 
tn California In 1840, and In 1850 they organlled the first 
races In the Sierra Nevada (Brady and Skjemstad 1974) 
Hardy Scandinavian homesteaders and miners brought skt-
lng to other locations ln the U S .. including Alaska 

Popularity of cross-country skhng grew slowly in the U.S. 
until the tate 1960s and early t970s. A running and heatth 
craze swept through the country in the 1970s, and Nordic 
skiing logtcally extended the running season through winter 
months In the snow belt regions. Exercise physiologists now 
know that Nordic ski racmg is one of the best overall 
physlcal conditioning actlv1t1es. Participants also discovered 
that cross-country skiing can be a peaceful and satiSfying 
way to enjoy the out-of-doors dunng the winter. 

Consequently, cross-country ski sales increased ex-
ponentially during the 1970s In 1966, an estimated 6,500 
pair of Nordic skis were sold •n the U.S .. but in 1971 about 
170,000 pair were sold. Over 350,000 pair were sold dur-
rng the next year (Brady and SkJemstad 1974), and sales 
hava continued to increase 

A similar pattern has emerged In Alaska. The authors or 
the 1981-85 Alaska Recreation Plan state that about 25 per-
cent of the 60,000 res1dents or the Interior participate in 
cross-country skiing (Alaska Division of Parks 1985). The 
total number of skiers should continue to increase smce 



Tablo 1. SUmma~ or ~artlci~atlon variables for recreational and raclnft skiers.1 
Recreattonal ARCing 

Parfcioalion variable Variab~e category Numbers Percent Numbers Pert·enl 
Tot<JI years skung First Year 31 15 3 4 4.9 

2 or more years 171 847 78 95.1 
Frequency oart•c.lpated/month• 2 ltmes o less 56 28.0 I 1.2 

more than 2 11mes 144 720 81 98.8 
Miles per day2 1·5 miles 153 75 7 18 22.0 

6 or mora miles 49 ~4 3 &t 78.0 
Type of groupz Alone 70 J4 7 32 390 

Smal Group 93 460 41 50.0 
Family 29 14.4 0 0.0 
Other 10 5.0 9 11.0 

Pnrnary activ11es Skiing only 176 871 74 91.4 
Ski and camp 16 71 5 6.2 
Ski and other 10 ">'J 2 2.5 

tr~. 264. but "no-resporu;e" caS4!S "'"'~ oeen omt•tect. Percsmi'l()l) calculatlllns n·e oasoo ont)· on achv!! r!ll>j:JCnsl1~. 
~S'{lnlfl<:illl difluren-:9 w ho D O'i III'Vel uf <:!It-square 

the population in t11e Fairbanks vicinity has been prOJected 
to 1ncrease to 90,000 by 1990. In addrtiOn, improved 
rae lilies, easier access, and better equipment continue to 
attract more and more part•c•pants. 

The early NordiC sk1ers in the Fatrbanks community In-
tegrated the acl1v1ty into the1r lifestyles by commuting ro 
work places and schools on skjS, The Skarland Ski Trails, 
for example, were developed between the Umverslty of 
Alaska and outlying rilsldential areas. In 1965 Lathrop High 
School initiated the Skiathon, a clt1zen race which follows 
portions of the Skarland Ski Tra•ls. The Nordic Skt Club of 
Fairbanks sponsors an tncreasmg number of No1dlc s~ i 
events each winter includmg ski clinics sl\1 tours, the 
'·Turkey Day Relays," the "Breakup Tnathlon," and the 
SS·k1lometer "Chena Hot Springs H11hto." During March 
of 1984 Fairbanks hosted the fmal World Cup Race at Birch 
Hili- a race in which many of the world's finest Nordic 
skiers competed In addition to trail skllng and racing, many 
cross-country skiers travel to nearby open slopes to prac-
tice such Nordic downhill techniques as the celebrated 
Telemark turn But most of all Interior Alaskans cross-
country ski purely for recreational L njoyment of the great 
outdoors during the winter. 

The Study 

A "sell-admtmstered" quest1annatre was developed to 
sample cross-country skfer preferences lor landscape 
features, facllltle;s, servtces, l'lnd management poltc es. Us-
lnq the quesllonnaire, a surve~ of cross-courllry skiers In 
the vicmaty of Faarbanks was 1nducted at nine cross-
country skler locations during thf' winters of 1983-1984 and 
1984-1985. Three pnmary classrflcattOns of cross-country 
skiers were Identified for sampling· recreational, racing, and 
mountaineering. Skiers wero asked to c lassafy themselves 
according to their normal patterns of participation and res-
pond to the questronnaare based on their chosen mode of 
partrcipation Too few of the survey respondents identrffed 
themselves as mountaineering skters lor stat1stlcal pur-
poses, and consequently this group was deleted from fur-
ther analysis. A statfsllcal comparison of the preferences 
of recreational (n ""202) and racing (n = 62) skiers was 
made. Tho goneral behav1or patterns and landscape and 
management preferences of the two classes were com-
pared using Cht-square analysis to determine whether the 
differences were sufficient to warrant separate manage-
ment programs. These data, presented ir' the follow1ng sec.· 

Table 2. Summary o environmental preferences for recl'l!ational and racing skiers.' 
RecreatiOnal Racing 

Enwonmenlal variable Prefer nee calogory Numbers F'erc~nl Numbers Porco lit 

Landform2 Flal lo gentle 56 29.0 10 12 8 
Rolling hills 101 52.3 '"-7 60.3 
Mountainous l.r\ 7.3 10 12 8 
No preference 22 11 4 11 14 1 

Vegetahon typo Spruce 10 5.2 6 7.9 
Hardwoods 14 7.3 8 10.5 
Spruce-Hardwood 97 50 5 33 43 4 
Other 22 11 5 9 11 s 
No Preference ·~9 25.5 20 26 3 
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Table 3. Summary of facility development preferences for recreational nnd racing skiers. 1 

Rocreal onal Ractog 
Factlity dewlopment ~Tanable Prelereoce category Numoers Percent Numbers Percent 
Tratls No trails 7 3.7 0 

Developed tra1ls 159 B3.7 73 948 
No prPfElrence 24 12 6 4 5.2 

Trail length 0-3 mtles 2 1 13.3 7 10.0 
4·9 miles 95 60.1 38 543 
IOormore 42 26.6 25 35 7 

Parking Yes 107 563 4• 532 
No 83 43.7 36 46.8 

Trail markmg Vos • 1 I 600 55 71 4 
No 76 40 0 22 28.8 

ov~rmghl sheltr-rs Yns 45 23' 10 13.0 
No 145 76 3 67 87.0 

Trail lighting2 Yes 64 337 57 74.0 
No 126 66.3 20 26.0 

Wmmup huF Yes 64 33.7 52 675 
No 126 66.3 25 32 5 

'N=.!8 bul ''no-<"esponse" !:aS" '> t\ave o~n 0'"' noo P!!!r.ontepo cakul;t~ons are !lased on·y on act1ve responses 
ZSt.lii~IJcl1!1~ &~gn•lh;;ant at the 0 05 IIMII of ctli-!IQlJa'!l 

lion, should help managers better understand the spec1tic 
needs of recreational and racing cross-country skiers, par-
ticularly wtth regard 10 appropriate management strateg1es 

Results 

The results of all comparisons are presented In tabular 
form. Those dlsplaymg statiStical sigmficance are identified 
and discussed 1n more detail Since this was an exploratory 
study. all results may be Important from a management 
perspective. 

Participation Patterns of Skiers 

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

Differences in participation pattems between the two 
skter classes show, in frequency of participation sl<iing 
distance per day and type of group. The racing skier par-
ticipated much more frequently and skied greater distances. 
The Significant difference for type of group may be at-
tnbuted to the lack of ramtly participation as a group in rac-
ing sktlng 

Environmental Setting 

User preferences ior landform and vegetatiOn type are 
shown In Table 2 Sk1ers generally preferred rolling h11ls; 
however, preference for landform by the recreational skter 
was skewed more to the flat-to-gentle category The spruce-
hardwood m1xture was the vegetation type preferred by 
both classes of skters. It must be noted, however, that 
greater than 25 percent of aach skier classification show-
eo no preference for vegetahon type. 

Table 4. Summary of service preferences for recreational and racing skiers.1 

Recro;tllona 
SeiVICO vat ab s PrcfmenCI;! <;ategorv Numbers F'F.!rCent Numbers ---- -
Snow removal at parktng Yes 100 529 36 46.8 

No 69 47.1 41 53.2 
Brusll limb temoval Yes 1"16 Sti 1 52 67.5 

No 83 439 25 32.5 
·rra•l groom.ng2 Yes 105 55.6 69 89.b 

No 84 44.4 a 10.-1 
Food concession~ Yes 13 60 23 29.9 

No 176 93 I 54 70.1 
Safety, maintenance patrol Yes 19 10 1 17 22.1 

No 170 89 9 60 77.9 
1N = 264 bUI ''r.o-resplll11111 r. :..os 11;ws bcun cmlrted. Pen:<>ntage caiO-IIat nns a•e b.'1::e1l ot~ly tm tctive •uspons~ 
•s.gnllie~l 11fllf!r(lnco 91 1hs o 05 level or ct~i aq~a e. 
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FacUlty Development 

Facthty development often plays a critical ro.le In user 
cho ce to part1cipate. assuming the environmental setting 
is attractive (Jubenville 1986) But ll is also the most ex-
pensiVe cap1tal outlay; thus, it is tmponant that the manager 
understand the perceived needs ol the user. Table 3 sum· 
mariZes facility preferonces All sk1ers preferred developed 
trails with medium length (4-9 miles) the most preferred 
Trail markers and parking were preferred by both classes, 
whereas ovemtght shelters were not deemed ne<::essary. 

The percerved need for trail lighting and warming huts 
were different for the twa skier classes. The racing skier 
preferred these facilities; the recreational skier did not. In 
an attempt to determtne other faclhty needs each respon-
dent was also asked to list other desi~ed facilities. There 
wer~ only th1rty responses to an open-anded question on 
the nPed for other fac1l1ties. or these responses several 
identtfted a need for toilets and trail maps. 

Sen~lces 

Nearly 93 percent of all respondents e) pressed an in-
terest 1n some service The specific services are shown in 
Table 4. Although the differences 1n perce1ved need lor troil 
grooming, food concession, and safety/maintenance were 
statistically slgnlricant, both recreational and racmg skiers 
showed similar trends. Trail grooming was perceived as 
neuded by both classes ol skiers; however, the racers over-
whelmmgly supported trail grooming. The food concess1on 
and safety/mamtenance patrol were not perceived as need-
ed, but more racers were in favor of such serv1ces than 
recreational skiers Snow removal at the parking areas and 
removal ot brush and limbs from the ski trails were per-
ceived as needed by a ma1onty of all skiers 

An open-ended question was asked regarding the need 
for management regulations. In general, respondents were 
not Interested in ·egufatlng use (N = 94), except to pro-
hibit the following on s1<1 trails snow machmes and other 
vehicles (N • 94), dogs (N - 58), pedestnans (N - 23) , 
and other impacts to trail quahty and safety This is similar 
to other survey findings (Knopp and Tyger 1973). 

Conclusions 

In summary, this exploratory study of partic1pat,on pat-
ter. sand s ite characteristic preferences by recreattonal and 
racing cross-country skiers points to few stgnlf1cant Clif· 
far~nces between the two classifications of skiers Oif· 
terences that may develop mto conflicts appear to be tern· 
poral and readily resolved by management strategiP.S, 
rather than two separate trail systems. Future research on 
winter recreation such as cross-country sknng w1ll be need-
ed as numbers of participants increase, available open 
spaces decrease, and part icipation patterns and pref· 
erences change. 

Racmg skiers ski faster farther, and more lrequently than 
recreational sk~-ers , but those parttcipation patterns have 

minor effects on preferences of stte characteristics. From 
a management perspective. racers need groomed lra Is for 
speed and consistency. Recreational skiors may not require 
such Intensive tra il groom1ng, but generally they prefer set 
tracks to eliminate rough surfaces and the need to break 
trail W ide, groomed rails with parallel tracks In aroas fre· 
quented by racers would tac1litate passing and minimize 
conflicts between the two groups, A new rac1ng techmque, 
cal led skatmg, has changed the trull design and mamta-
nance to extremely w de trails lor racmg and set track along 
one edge for the recreattonal skier. 

Most cross-country skiers prefer medium-length trails that 
are developed, marked, malntalned, and groomed, With the 
brush and limbs removed. Two Important Otfferences lrom 
a management perspective are the perceived neods by 
racers ior tra11 llghtlnq and warming huts. 

Are there sufficient ditferences to warrant separate si1es 
and management programs for each group of sk1ers? Pro-
bably not. The perceived needs of recreational skiers are 
much fewer than those of ractng skiers, but the recreational 
SK1er can be accommodaled on trails dt:welopeu and main· 
tal ned for racmg. The real dtfferencos. however, may only 
be temporal M<my of the spectallzed needs of the racers 
could be accommodated on trails destgned pnmanly for the 
recreattonal skiers by using portable or temporary warming 
huts, to1lets tracksetter, or even food concessions. 

Considering the short w1nter days of mlenor Alaska and 
lhe regular training panlcipation by the racers, it is destrable 
to provide a facility such as the lighted ski trail at Birch Hill. 
I f1ts the racer's perce1ved needs well , whi le 1t remains 
available ror the recreational sk1er Other trails need meet 
only mtntmum requirements tn order to be acceptable to 
the recreattona! skter and many of these could be made 
lemporanly acceptable to the racer. In terms ot allocatiOn 
of naturaJ and fiscal resources, this soems to be an opttmal 
management solution because, as suggested by the 
distribution of the overall sample, the larger subgroup with 
less need tor specific facrhtles and services is the recrea· 
tlonal skier 
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Steven D. Bea:;ley'" and William G . Workman·~ 

Introduction 

The conversion of farmland to resfdenttal sites dnd to 
other nonagricultural uses is a significant public pohcy ISSue 
In many regions of the U.S. and other parts of the world. 
Wh1le loss of potential food production and the decline of 
a local farming industry are often-cited ob)ect1ons to these 
sh1fts 1n resource usa, a more Significant issue In such land-
rich regtons as Alaska may be the Site-specific losses of 
open space amenities associated with agncultuMI enter~ 
prise near population centers. In this article we report on 
a recent attempt to value these quality-of-environment 
benefits of farmland in the Old Colony and Homestead 
areas of the Matanuska and Susitna Valleys of southcentral 
Alaska. 

Amenities as Collective Goods 

lhe food and tiber outputs of agncultural production in 
the U.S. are exchanged in well~rgan1zed, largely com· 
petitlve markets with the potential for providing etflcient 
quantities of these private goods The open space ano other 
enwonmental ameni11es associated with urban rrlnge 
agncultural lands, however. are unpnced public or collec-
tive, goods As such, these benefits have two distinguishing 
characteristics ( 1) the Impracticability or excluding ths con· 
sumer who does not pay for the good (I.e.. nonex-

·tnstructor. Economics. Department of Economics, Univer-
sity of Alaska-Fairbanks. 
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clusPieness), and (2) consumptiOn by one consumer does 
not reduce the quantity a\laUable to others (I e nonnvalry) 
(Mishan 1969). These qualities make t difficult for market 
transactions lo !;ystematically result In socially optimal 
amounts of the collective good F1rst. on the 5upply side, 
the nonrivalry charactenst1c suggests that the cost of mak· 
ing the good available to an additional consumer is zero. 
This means that the socially efficient price for the good Is 
also zero, and at a zero price no farmer~businessman w1il 
be w1lhng to 1nvest in supplying the good (Gardner 19n). 
On the demand srde, smce no one can be excluded from 
consumption, whether or not he pays lor the good, in 
di\liduals have an tncenlive to not reveal their true wili-
mgness to pay for the good. Pro\lided the good were mad~: 
available, an individual could, as a " fr e rider," still benefit 
from 1ts presence. 

Alaska has a great abundance of open space and related 
environmental amenities to offer its residents and visitors 
Since marl<et signals are absent with regard to the produc 
t1on at these collective goods, there I!; little ev1dence 
ava1lable as to how much these amenities are worth . It 
seems reasonable , however, that the highest marginal 
value would be placed on these benefits in situations where 
they are in short supply In relatively urbanized areas, these 
benefits may take on h1gl1 value indeed. The importance 
of the enVIronmental effects of agricultural-land preserva~ 
t1on is reflected in the crltena by whtch choices among 
qualified parcels would be made In a recently proposed 
Matanuska-Susrtna Borough development rights purchase 
program (1) agricultural productivity, (2) susceptibility to 
conversion, and (3} contribution to anrachveness of the area 
(Planning, Inc. 1983). Based on these constderat1ons and 
the associated historical attraction of the area to tounsts. 
the Old Colony and Homestead lands have been singled 
out as a prionty for preservation 



Procedure and Results 

But what is the value of preserving the amenity bene-
fits-the environmental advantages as well as the hiStorical 
alues-of these agricultural lands? If public expenditures 

are to be made In this effort as is often advocated, some 
notion of the return on this investment would certainly be 
helpful to policymakers. One index of value is the max1mum 
amount that beneficiaries are willing to pay for the oppor-
tunrty to enJOY such a good or serv1ce. G1ven the collective-
good natur& or the environmental amenities associated Wtth 
urban-fnnge farmland, some nonmarket measure of this 
willingness--to-pay (WTP) must be employed. The procedure 
used 1n this study involved on-site tnlerviews 1n which area 
r esrdents were simply asked how much they would be Will· 
1ng to pay to maintain the open space character of specific 
lands.' 

The first p~rt of the questionnaire consisted of a short 
te1<t explamrng the purpose of the survey and an lntroduc· 
tion to the generaltop1c of shifting land uses at the urban 
fringe. Th1s was followed by some tactual information in· 
eluding maps relating to quantity, location, and other 
characteristics of farmland in the local area. This was con· 
sidered especially important so that the individual b1ds or 
valuations asked for later in the interview would be specific 
to the local Situation and not be seen to refer to some 
general state or national trend 1n agricultural land 
conversion. 

The next part of the nterv1ew process presented the in· 
terv1ewee wath a senes of color photographs dep1cung 
potenual levels of hous ng development for existing agn· 
cultural lands In the local area Photographs associated With 
Satuation A represented the status quo, or no development, 
for the farmland remainmg In the Old Colony and Home-
stead ueas in Palmer and Wasilla. Situation B depicted 
moderate levels or housing development in photographs 
showmg a lcandscape with a mixture of housing and farm-
land. Fmally, Situation C showt.d a l.~ndscape dominated 
by housrng development with no farmland VISible In the 
photographs. 

Usmg situation as a reference pomt In each brddlng 
game, the respondent wa~ sked a senes of questtons 
designed to reveal his or her maximum willingness to pay 
annually to prevent the d velopment scenario l1rst in Situa-
tion B (i.e. WTP,. ,), and then 1n Situation C (I.e. WTPc.,) 
for the entire rema1n1ng farmland creage In the Old Col· 
ony and Homestead farming areC's The respondenl was 
g1ven a choice of payment vehicles: an Increase in local 
sales taxes an Increase in property taxes. or a voluntary 
contnbutaon o c1. special local farmland prp,servataon fund. 
The Interviewer started thE. oids at $25 per year and asked 
respondents whether therr household would bo willing to 

~HypothetiCal valuation procedures are controver.>tal In the natural 
resource valuatton ltteraturc. For two recent expross ons of op-
pos ng vaews of this tee '1 que see Rowe ano Chestnut (1983) end 
Randall et al. (1983) 

pay the amount to prevent the development scenario under 
consideration. A "yes" response rasulted in rais1ng the b1d 
by $25 increments untrl the 1nterviewPe answered ' 'no." 
At this point. lne amount was lowered 1n decrements of $5 
until, again. a ''yes" resulted Thrs final amount was rnter~ 
preted as the maximum WTP. Srmi arly. an initial "no" 
response was followed by bid decrements of $5 until a 
"yes ' resulted. 

Over a period or approximately four weeks during the 
summer of 1983 som~ 153 randomly selected households 
in the Palmer, Was lla, and outlying areas ol the Matan· 
uska-Sus1tna Valleys were curveyed. Some of the 
respondents 1nd1cated that they would pay nothrng to pr~­
vent one or oath development scenanos from occurring. 
Researchers in prev1ous bidding-game stud1es have quer-
ned such respondents w1th follow-up questions to ascer-
ta n tne motivation for such responses.2 For those 
respondents Indicating that the amemty actually has no 
value, the response Is typically recoraed as a truA zaro btd. 
However. for thos Interviewees object1ng to say, the 
method of payment or to the idea of havrng to pay for c1n 
amenity that they believe lS already nghtfully lherrs, 1hn 
typtcal procedure is to label such responses as "protest" 
bids and to om1t these data from analysis. Similar pro· 
cedures were adopted for this study resulting In approx-
Imately 20 percent ol the sample bemg treated as protest 
b1ds (Beasley et al. 1986). 

Analysis of the survey data 1ncludad both an attempt to 
explain variation irl tho btds and an aggregation and ex 
trapolation of brds to estimate tho aggrogato vafuo of the 
amen1t1es associated with the farmland Included m the 
study area. In tho f1rs~ mstance. multiple regressron pro-
cedures were used to estimate the linkage between re· 
spondents b1ds and factors hypothesized to b,.. 1mportant 
1n determrnrng these bids. Tho propor1ion of vanation In btds 
explained by the models was relatively low. However, the 
stattst1cal sigmncance achieved by indtvidual regressors 
such as household income, development scenario .. mder 
consideration, and previous awareness of urban·frrnge land 
uso conflicts suggested that bids offered by survey re­
spondents were systematically linked to these factors and 
were not merely "random nmse" (Beasley et al. 1 986) 

B1ds to prevent moderate levels of housmg development 
(I.e. WTP8 . .,) ranged lrom 0 to $760 w1th a mean value of 
$76 per housPhold annually. Bids to avoid conditions 
associated witt, development Situation C (1 e. WTPc .. .&.) 
vaned from 0 to $1 ,000 wtth an average of $144. Estimates 
of the annual amentty benefrts accruing to local residents 
from the retentaon of the designated farmlands 1n agnculture 
.. e•P. obta1ned by aggregating the Individual btds tn the sam-
ple and extrapolating these results over the area populd 
lion The results of these calculations wore $626,000 per 
year and $1 .284 mdhon per year, rospectively, for f!ggregate 
WTP6 ,_ and WTPc.A· 

~soc , lor example, Randall et al (1 983) and Dauborl and Young 
(1981) 
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Discussion and Conclusion 

Previous work by Workman et al. (1979) estimated the 
potential cost of a state government-sponsored develop-
ment rights purchase program for Alaska agricuhurallands. 
The estrmated cost, in ~ 978 prices, ot purchasing these 
rights on lands located in roughly the same area as that 
addressed in the current study was $15.165 million. Indexed 
to reflect price level changes. this figure would now be ap-
proximately $20 25 million. In addition, the earlior study 
Bstimated that such a program would involve administrat ive 
costs of $80,000 annually 

Combmlng the results of these two studies, one can 
evaluate both the benefits and costs of an effort to retain 
the Old Colony and Homestead lands In open space. In this 
case 1t seems reasonable to consider only the benefit 
est1mates associated with avoidtng development S1tuat1on 
C smce any program that would prevent Situation B from 
occurnng would also prevent Situatton C. Treating the ag­
gregate bid est•mates (less adm n strative costs as a 
measure of annual benefits that would flow rn perpetutty, 
the net present value of the development righ s purchase 
investment can oo calculated for various discount rates. 
Th~ results are presented In the accompanying table. For 
example. when an interest rate of 5 percent was employed 
to discount all future benet1ts and costs to the present so 
that they could be compared benefrts exceeded costs by 
$3.83 million. The "internal rate of retum"-the Interest rate 
that equates discounted values of benefits and costs and 
serves as an altcmatlve 1ndo.x of investment productivity-
was calculated at 5 9 percent. 

Not Present Value of Open Space Retention ($ million) 
____ o scount Rate (%) 

1 2 3 4 s· 6 

Not Present Value 100 2 39.95 19.88 9.85 3 83 -. 83 

'Internal Aale of Return ~ 6 9<li. 

Several caveats or suggested directions for further in-
qutry can be offered. Ft rst we recognize that ind•vidualc:. 
other than local area residents may beneftt from the reten-
tion of open space and other amenity values associated 
with these farm lands. For example, both in·5tato and out · 
of-state tourists who travel through this histone and scenic 
agricUltural area may also enJOY the amemty features of this 
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environment. Thus our measure 0 1 ho value of retaming 
these amen1ties may be lower lr 11ts 

Our study des1gn limtted the levels of nonagncultural 
development to !wo (i.e .. Situation B and C.) In addilton. 
respondents were asked to bid on retaintng the enure re· 
maining Old Colony nnd Homestead area as farmland. 
Thus our resulrmg investment analys1s treated the "all · 
or·nothtng' ' case. Future work shOuld recogn1ze the heter-
ogeneous nature of the lands in tho area regard1ng the1r 
scenic qualities and should attempt to value venous pat-
terns and quantities of open-space retentron It is quite 
possible that the preservation of a smaller amount of 
strategically located open space would ylald higher net 
soc1al returns. I 
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Alaska, but it Is also of importance to waterfowl specialists 
and wildlife habrtat managers. Such Information is obviously 
of academic Interest too because it enlarges understand-
Ing of an important plant and biological functions m an ar-
ray or habitats. 

The work includes seasonal measurements and obser-
vations of grass growth and development and chemical 
analyses of components in the plant as well as those of 
water and soil (mud} The distribution and natural occur-
rences of Arctophlla fulva are being mapped for selected 
areas 1n the Prudhoe Bay vicinity from east to west (En· 
d1cott Causeway to Oliktok) Besides examinations of the 
plant m its natural settmgs, various transplanting to new 
habitats to test vanous environmental factors are also 
underway. Preliminary results lnd1cate that Arctophila fulva 
can be successfully transplanted into some oil-damaged 
soils and that it has an unusual capacity for vegetative 
propagation. 

Jay 0. McKendrick, assoc1ate professor agronomy, and 
research associates Pete Scorup, Anna Vascott, and 
Janice Dobson are lhe primary personnel assigned to the 
project from the AFES Palmer Research Center. Stlldents 
will also bo directly involVed In working on the project. Stan· 
dard Alaska Production Company IS providing two environ-
mental scientists, two scientific experts for fie ld assistance, 
and coordination and maJor funding for the research. Tho 
U.S. Fish and Wildl ife Service Is providmg waterfowl ex-
pertise and assist ing with project des1gn and monitoring. 
Scient ists from the universities of Colorado and Idaho are 
involved as advisors and rev1ewers of research design. 

Alan Jubenville assoclato professor of resource 
management, Is on sabbatical leave through December. 
During his six month leave, Dr. Jubenville Will be writ1ng 
a new, theory-based textbook on outdoor recreat1on 
management Th1s w11f be Or. Jubenville's third textbook 
on this subject; the hrst two are now out of print. 

Dr Jubenville has been mstrumentalln developmg new 
management theory and concepts over the past several 
years As no el<isting text emphasizes management theory, 
Dr. Jubenville is writing th1s book at the urgmg of several 
colleagues 1n the field of outdoor recreation management 

After an Introduction to basic management theory and 
concepts, the reader wtll be guided through succeeding 
sections on resource, v1sitor. and service management The 
book will bo directed at the advanced undergraduate. 

L. Ben Bruce, c~sslstant professor of antmal science at 
the Palmer Aes'3arch Center, has assumed the duties of 
dairy scient ist in addation to those of beef cattle scienttst. 
Thts restructuring of Dr Bruce s duties is the result or 
economy measures implemented at AFES. 

The dairy research program w•ll emphasize daary cattle 
utntion as Dr. Bruco is a ruminant nutntlonist by trammg. 
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Immediate plans for the dairy science program include con-
clusion of an a:xponment by Arthur Brundage, professor 
ementus. ustng salmon meal as a protem source tor da1ry 
cattle rations. A major project has begun involving Alaskan 
feedstu ffs, their trace mineral content, and subsequent 
suitability as ration ingredients for dairy cattle. Future 
research plans include projects a1med at improving Alaskan 
rations and the uses of various Alaskan feedstuffs. Dr. 
Bruce foresees a major effort in these areas to support the 
grow.ng and successful Alaskan dairy enterpnse. 

Chlen·lu Ping, assastant professor of agronomy and sod 
scientist, J!. currently focusmg hts research on soil genesis 
and classificatiOn on the volcanic ash soils of Alaska. 
Volcamc ash soils have unique properties which are impor-
tant in land use and management Dr. Ping is studying the 
chemical, physical. and mmeraloglcal properties of thirty 
soi l pedons. These pedons were collected from such 
diverse areas of Alaska as the Aleut1an Island;, southeast, 
southcenlral, and the Cook Inlet regtons. Bolh the collec-
ltons and the investigations are being conducted in 
cooperation with the Soil Conservation Service, United 
States Forest Service, and Tohoku Umverslty of Japan As 
a result of thts work, this month Dr. P~ng will attend the first 
International Soil Correlation Meeting held in the Pacrr1c 
Northwest. He will present a paper entitled "Properties and 
Classtflcauon of Volcantc Ash SoJis in Alaska,'' coauthored 
by Sadao Shoji ot Tohoku Un1versitv and Joe Moore of 
scs. 

Dr. P1ng is also managing a research program on soil 
lertthty in cooperation With Cooperative Extenstlon Serv1ce's 
Allen Mitchell. A study on the effects of hmrng on 
phosphorus and potassium fertilizers on crop yield m the 
Pomt MacKenz1e area has been concluded, and the results 
w II soon be published 

Jenlfer H. McBeath, associate professor of plant 
pathology has returned recently from an academic year's 
sabballcalleavb Last Septembe Dr McBeath traveled to 
USDA's Agricultural Researc11 Center in Beltsville, 
Maryland, where she worked w1th Dr. G1deon Schaeffer 
research sc1entist at the Plant Molecular Genet1cs 
Laboratory. The research was on anther culture work With 
early-matunng, winter-hardy hard red winter wheat Dr 
McBeath's successful effortl!:. to produce androgemc 
haploid planUets will prov1de an alternative means for selec-
lmg grains by genet•c traits· - an alternattve not possible 
under field condnions. This means that researchers wm be 
able to prov1de growers with new varieues through 
hybridization or somalclonal vanety selection, In addttion, 
Dr. McBeath also studted extracellular ~'>nzymes of snow 
molds of wheat and grasses, of which several have beon 
ldent1f1ed. Enzymes will be used m the future 1n the selec-
tiOn of wheat varieties reststant ro snow mold, 

. , . Continued next page 
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Edmond C. Packee, assistant professor of forest 
management, and Glenn P Juday, visiting associate pro-
fessor of plant ecology, presented a program on the com-
mercial and ecological aspects of Alaska's interK>r forests 
in June for a group of bus1ness leaders from the People's 
Republic of Chma. The purpose ot the tour to Alaska was 
to provide an opportunity for Chinese business people to 
become familiar with the forest products of interior Alaska 
and to establish personal contact with mdiv1duals 
associated with forestry industry and research in Alaska 
Th1s visit was one of a series of three such tours organiZed 
for delegates from Korea, Japan, and China by the Alaska 
Department of Commerce and Economic Development and 
located on the Umverslty of Alaska-Fatrbanks campus. 

The Agricultural and Forestry Experiment Station's pro-
gram of international workshops on forestry at high latitudes 
has become affiliated with the International Union of Forest 
Research Organizations (IUFRO). The program is recog-
nized by IUFRO as workmg party S1 OS.l2, Northam Forest 
S1lv1culture and Mangement. Pnor to IUFRO affiliation, 
workshops were held in Alaska; Sweden; and British Col-
umbia, Alberta, and New Brunswick, Canada. Since affilia-
tion. the working party has met in Lulea and Gallivare, 
Sweden, in June of 1985 and Grand Praine, Alberta, and 
Dawson Creek, British Columb1a, Canada, in August of 
1986. Future workshops are planned for northern Finland 
in August 1987. northeastern People's Republic of China 
in summer of 1988 and Newfoundland, Canada, in 1989 

Current focus of the wor1<ing party centers on regenera-
tion problems and approaches to prompt forest regenera-
tion. Proceedmgs of the workshops are published JOintly 
by the Agricultural and Forestry Expenmenl Stat1on of the 
University of Alaska-Fairbanks and the USDA Forest Ser-
vice Pacific Northwest Forest and Range Experiment Sta-
tion. Working party participants include Interested persons 
from government agencies, universities, and industry. Ed-
mond C. Packee, asststant professor of forest manage-
ment, Is currently the working party chairman 

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

The hrst study is designed to determine the volume of 
wood chips that can be produced on an annual bas1s from 
different lands in the Tanana Valley. The lands being ex-
amined are state-owned forest lands in the Tanana Valley, 
lands owned by the Federal government under jurisdiction 
of the military, lands owned by Native corporations, and 
lands held by the state and proposed for agricultural pro-
jects. The first three provide a land base on whtch to deter-
mine a volume whtch can be produced on a sustainable 
annual basis, while the founh represents a shan-duration 
supply of chips. In additiOn to the volume Information, the 
economics of delivering wood ch1ps in the Fairbanks area 
will be examined. This information will help to determine 
lhe teastbility of producing wood chips In the Interior. 

The second study, In cooperation with the U.S. Army IS 
designed to determine the volume of chrps which can be 
burned mixed wtth coal at the Fort Wainwright Steam Plant 
without modifying the stoking system. Two different typec: 
of chips w111 be test burned: chips from green trees and 
chips from ftre-ktlled trees. Once the maximum chip--coal 
mixture 1s identified for each type of chip, stack emtssion 
testing will be performed to determ1ne changes In par-
ticulate and other emissions levels from those experienced 
when coal Is burned alone. The test bums are scheduled 
for October 13-24, 1986. The information obtained wrll iden-
ttfy a level of coal replacement which may be ach1eved at 
other power plants through the cofiring of wood chtps and 
coal. 
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