


FROM THE DIRECTOR'S DESK 

The ~uccess of agncultu ral develop­
ment now underway in Alaska will depend 
em how well Alaskan farmers can incrnase 
the productivity of their farm s in mrms o f 
':lUtout ot farm products per unit of p ro­
ducr"on rnput. High leve ls of productivttY 
ere essential for Lhe l;UCcessful commercial 
production of crops nnd ltvestock as well as 
for successful part time farm ing and sub­
sistence agriculture. In view of Abska's 
commitment to e)(pand irs cultiv11ted agri · 
culwral lands to 500.000 ac res by 1990, 
.t l'i of intere~t to rcvtew a few figures 
abou l the Odture and produc tivity of 
American agrfc.ulturo . 

Agriculture is the largest mdus1ry in the United States. Its assets are equal to 
about 88 per cent of the capital assets of all manufactunf'g corporations '" th e 
United States. Agriculture ts also the nation's largest employer; one out of every five 
jobs in private emerprisG rn the United States is in some phasP or agricul [Ure- from 
growrng food and fJ ber to ~etl'ng 1t at the supermarket. Farmmg itself employs 3.6 
mtllion workers - as many as the combined payrolls of transportation, th e sti!i!l n­
dustry, and the automobile industry. 

Although ttoe growth in productivity of American agricuiLure Is now h1gl er than 
in most other U S. ndustri~. this has not always been the r.asfl. Dr. D. Gale Johnson, 
Distinguished Professor of Econom1cs at the Untversity of Chic.ogo, pointed out 
recently tt1::11 U. S agncultural productivity from 1919 to 1948 mcre.ased at an annual 
rata of only 1.7 per con , compared to 1.9 per cen I for the nonfarm economy as a 
whoiP and 2.9 110r crnt for manufacturing. In contrast, however, agricultural produc· 
tiv' ty from 1948 to 1973 grew a1 an annual rate of 3.3 per cent, oun;tnpping the 
rate!; of growth of the nonfarm economy and mi!nufacturing, 2. 1 and 2.3 per cent, 
respec tlvely . 

Since 1973, this trend has continued and has permitted the United States to ba­
come the world 's larger.t exporter of agriculrural products. Thi1 export surplus indi­
cates that American agriculture has rhe abihty to use resources to produce products 
at low cos,. By prcxiucing at low cosl. it can compete with producers throughou t the 
world while paying as much or more for domestic r~sources as any o the r ~ector of 
the !'COnomv. Thus, American c onsumers pay a lower percentage of therr disposable 
Income for food than c onsumers in most o ther countries. According to Dr. Johnson, 
the ptoductrvity of an agricultural industry depends on the economrc and po lttical 
environment with' n which h functions and the ab1l1ty of agricultural research to 
develop technology for the rnost efficient production. 

Successful agriculnnal development in thf' north is demonstrated by the 
Canadian experienct! ·n the Peace River region of Alberta where growing conditions 
arc simlla1 ro interior Alaska. Although crop productiVItY was low during tho pio­
necnng years of this development, repot ts from !he University of Alberta Indicate 
that increases m yields of small grains in the Peace R tvor area have resulted from the 
better usu of fenlli;rtJrs and nerbicides, bette! and larger equipment whrcl1 allows 
limely operations, and tmProved ~mall-grain varieties developed for 9arly matu 1ty 
and higher yields With this increase rn productivity , the Peace River area now ex· 
ports agneultural commodities. 

E fi1!CttVe agricultural research and the e)( tension of the mmt efficient agricul­
tural technology to farmers who art now expanding Alaska's agricultu·e are most 
rmportant in creating an agr•culruraf Industry In Alaska. Th1s issue of Agroborea/is 
includes some research resuln d1rected toward mr,easing the productivity of Alaska's 
fArms and forests. 

~ ... ,... v . .::Vrr-' 
Jame~ V. Drew. D1rector 
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Band of D all sheep w ms on s rttvllg~JtaTed "'fla of Usibell1 M imi at Healy . 

Stripmine Reclamation and Wildlife in Alaska 

By 

Charles L. El liott" and Jay D. McKendrick .. 

The exploratron and development of Alaska h as been 
greatly affected by the region's m ine ral wealth. Tho quest for 
gold in tho 1800s with its subsequent environmental and social 
impacts is perhaps the I es~ example of how the desire to r min-
erals has mRuenced the state. Today petroleum exp loration and 
development Is the dom10ant extnrctl\le industry; but another 
natural resource looms as a maJor factor in Alaska's economrc 
ftJture: coal. 

• Rosaarc.l\ .A»inant, Agrlcu lturlll Resea rch Center. P01Jm•r. 
• • Asmci1ne Professor, A~r'Onomy, Agricu ltural Res:Bllrch Canter , Plltm•r. 
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Interest In Alaskan coal rs nothing now -underground min­
ing sta rted in 1855 at Port Graham on thP. Alaskan Peninsula 
(Conwell , 1 976). As the demand for coal increa$rd and ncw 
equipment was deve loped, underground m1n1ng was gradually 
replaced by open-p1t mining or strrpmimng. By 1960, under­
ground mining of coal nad virrually ceased In Alaska. Interest In 
surface m in ing generally declined during 1 he 1960s, but wiThin 
the la$t decada the demands for domestically avai lable energy 
and Elnergy indflpendenr:e from Third World countries have re-
focused atten t ion on Alaskan coat Alaska's coal reserves have 
been es timated by state officials ro equal the world's known oil 
reserves in energy eqUivalence and compristts almost half of the 



nation's known coal reserves (Anchorage Times, 1980). Reali<­
ing that coal-mining regulations in the con terminous United 
States may be unsuited to Alaska' s northern en11ironment, Con­
Aress commissioned the National Academy ot Sciences t o evalu 
ate the Surface Mm1ng Act of 19 77 With re~pect t o Alaska's 
unique conditions. A research group, the National Research 
Counctl, was formed by tho National Academy to conduct the 
srudy. One o f the Research Council's comm ittees, the Commit­
tee on Alaskan Coal Mmmg and Reclamation, exam ined the 
e~fecn of coal m ming on wild life and reported: 

The effects. oi coal mining on wildlife in Alas ka are 
e-ssentially unknown, and althougn there is some ·nrorma­
tion on the effects of mmlng near Healy [site o f a large, 
active st ripminej and from construction activit1es in several 
t'lther areas of the state, any assessment of 1mpacts spec•fi­
cally hom coal mining must be considered speculat•vo (Na­
tional Research Council, 1980 ) 

Thr. committee went on ro note that coal mining and such 
reldted actillities as road building may affect wildlife indirectly 
bv modifying or rlestroymg cntical hab1tat o r disrupting migra­
t ion roues. 

Prior to the research council's study, sc ientiSli> at t he Uni-
versity of Alaska's Agricultural Expenment Stat on Research 
Cen er at Palmer began investigations to demrmme w hilt plan1 

-~ 

spec ies and techniques are best suited for rehabihtatmg ~trip­
mine spoils in Alaska's varied environments. As a rr~~ult of the 
research co uncil's study, the ongomg revegetation studies 
were amended in 1980 to include an investigatio n of the b ird 
and mammal responses to and use of reclaimed mme spoils. T he 
project is designed to investigate pre- and postmin•ng effects on 
wildli fe . 

The premming lnlieSti{l<ltions c~nter around the Beluga c oal 
fie ld, loca ted west of Anchorage (Figure 1 1. Exploratory digging 
is now being conducted with a view towarcf full-scale m •n ing. 
By exam ming the large - and small-mammal populations and by 
doing bird surveys, a predi~~u rbancc list of ammali that live in 
or v1sit the area and the hab1tat ypes they uttli7e •s being com­
piled. An example of ·some of the mammal spec1es encountered 
is illustrated in Table 1. This an1mal·habitat data, when rotated 
to plant biomass (a lso b11ing measure(!), will provide a q\Jantita­
ti'lo pict ure of the p lant an imal relationships existing In the p re­
mimny ecosystem . This Information can then be compared with 
th l'! same p arameters €Xamined during the active mining state , 
and in the postmlnmg phase aftllr reclamation (if the research 
co n linues). This preminlng Investigation and subsequem analysir. 
will p rovide sc ientists with a long- term, overall vtew of animnl 
responses to st ripmining in an Ala~kan senmg. 

' 
\ 

\ IF1dlld .. H t:tl.., Clll!lllill. t...l911.lt Cli~ , 

J•rv•t cr ...... ""ood ltl••· 
't.11i•"'lu Inc T•h.l•~'~•• r••IGIJ 

Figure 1. A ppru,,mare /ocllllon of p rincipal c011/ deposits in Alllska. (Adapted from Energy R(J!;ouce map of AlesluJ - 1977.) 

January /1982 5 



T ablo 1. Provilional Mammal Species list for the 
Beluga Coal Field. 

Common Name ~Screntific Name) 
~~--~~~--------------------

Arctic 5h rew {Sorex tundr11nsis) 
Arctic ground squ irrel {Spermophilus parryil 
Black bear (Ursus americanus ) 
Coyote (Canis latransl 
Dusky shrew (Sorex obsr.urus} 
Grruly bear (Ursus arctos) 
Moose (Aices alces} 
Red fox I Vulpos vulpos) 
T;:11ga 'Ioiii (Microtus xanrhogmllhus) 
1 undra vole (Microtus oeconomus} 
Mearlow Jumping mouse IZapus hodsonicusl 

Th1 postmlntng invest igation are orientl!d In two ulrec­
ltom . determme the bird anc.l mammal use of surface mined 
arroal: that have bl'er reclarmed by anrficial m~>ans {e. g. seeded!, 
ancl reclaimed bv naturzl plant invasion The artifically re· 
claimed study site is located at the Usibelli Coal Mme. Inc. The 
mme is located east of Healy ( Fi!Jure 1} in the Healy Creek 
drainage. Reclamation activtti~ at the Uslbrllt Mini! began m 
1972 and helVe continued to the presenL This series. o f different 
B!JBd, revegetated areas offers a unique opportunaty for exam in· 
ing tile anrmal use of the sites and how th is use changes with 
plant-commun tv succession. 

At each reseed?.d area, a number of an imal hab tat para· 
nwters are being measured; plant productioo i ~ being deter­
mtnod o ascertain the biomass contributed by each plant 
specie~ . Tho forage i'> also betng analy7cd for seasonal nutrient 
content. These measurr.rnents will inrl1cate what seeded plants 
have survived and the spec1es contribL tlng the best· quality 
fora~. Small mammals (voles, shrows, ground squrn eis) are 
being trapped and their stomach contsnts mtcroscoprcally 
examined to determrne which seeded p lants are Important food 
IU rns Orets of large herbivore~ (carrbou. Dati sheep, moose) and 
c:arnivores (walt, fox, coyote) are also being determrned by the 
m icroscopic method but only the fecal droppin!JS are collncted 
01nd axamrned, thus eliminating the sacrifice oi Important game 
animal~ Vi~ual slghtings and other population analysis tech· 
niqu~s are be•ng used to detormi11e habitat-use patterns and 
habitat prrferPnce of each mammal. Bud species frequenting the 
si 1 es arc beang 1dant1 "ied nnd density ·a lues calculated for those 
species that nest In tho nrea. Food habits of raptors (owls, 
eagles, hawks) are being (ietermine<l by analyLing discarded pel 
lets. 

Similar measurements of both plants and anrmals are being 
made for a11 adjacer t tundra site so that a comparison can be 
made between reclaimed and undisturbed lanns. Such compari· 

Raptors Carnivores 

Plants 

rrgure 2. Schematic ;epreSII/ltlltfan of pottmttiJI pl/lnl animlll rtlatlon­
'.llips on rf''t'tJ{}IItiJrcd surface mines. ArrOWJ indicste dtrecr rr•latronshlps. 

s.ons wrtl provide an insight Into the plant-animal relationships 
operating In each area and help poin t out what reclamation 
methods pro111de an ~nvironment that meets the habitat requtre· 
ments of the animals usrnq the region. 

The postmining investigation of lln drea r~M:Inlmcd by 
natural plant n•cce~s10n is taking place at the B & A Mr'le Stte 
w·est of Healy. This mine was excavated and abandon~ in 1945, 
and an additional nrca was reopened and mined until 1958. The 
same sampling that wa~ dos.cribed for the Usibelli M1ne is also 
b<!u g dane at the B & A site. 

The value of rE?claimed sur'aee-mtned land~ as wildhle habi­
tat has beHn reponed for ~veral regions ot th~ conterminous 
Untted States (V~:rts, 1957; Sly 1976 · Suchecki and Evans, 
1978; Whilmore, 1980), but such data are lack ng for Alaska. 
The coal -development posstbilit•es fo Alaska an~ t remenctous, 
but t he impact on Alaska's wlldl le is also po1enttolly greaL 
Wlrhout an adequate underst.andii"'IJ of the plant.·animal relil · 
rionships that extst on a reclaimed surface m ine (F1gure 2 ), ou r 
ahllitv to provide an •mv•ronment capable of sustaining wtldli re 
populations IS se11erely hampered Wtth such date, reclamation 
carr be directed 10 enhc:,ce l'labitats for game and nongamA 
species ~like. The o;tudv ~nd examtniltlon ot rnrne iites in Alaska 
will help prov1de in forma ion with whrch land mor1agers can de· 
sign reclamation prograrN that will btm~f t wllrlllfe and main­
tain the mtegrity of Al.lska'o; boologir.af rP.sourccs. 

Funding for this research was provided by the U. S Depart· 
ment of Energy, the Usibelli Coal Mining Compdny, Inc .• and 
the State of Alaska th rough its legislative appropriatiot'l to the 
University of Alaska's Aqriwlturo l E)(perimenl Station. 
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Project Agriculture 

An Experience in the Southern Hemisphere 

by 

Way no C. Thomas ' 

INT RODUCTION 

Au trara has had numer­
ous ag1 1c:ultural dev' opment 
eftorts in its h story Some 
have worktlfi , some nctve not; 
but tnkcn in thr aggrtgdtf', 
the pror.css of agr cui tural 
dcv •topmt Ill in Australia has 
!Jeen VP v succcssfu1 It is 
nm• one of the leadmg agri· 
cultural notions in the world . 

New cleveloprnent et torts 
are now more r1re but they 
~till occur. Om: an~a that de­
se~es fur ther study for such 
development is thc lorthern 
Territory which is gaograph­
ically Isolated from matn-

----

-.. "\ 
/ 

agri cultura l developme nt 
~hemcs: poor management 
(F1gu ~: 2). and inadeQuate 
'!Qricultural research (F"sher 
et al. 1 977). This tonn of 
agricultur31 deve opment has 
provided on . maJor oppor­
tunity - to lose Ia l¥l amounts 
of money. 

AGRICU LTURAL 
DEVELOPMENT 

In 1979, the territonal 
QOVPr nment ttlQUCSted that 
the Department of Primary 
lndust 1-:s tn Queensland l n-
dertake a ~tudv which woulrf 

streum Aus r li . I. s in the 
r:.cntPI no th of the cont111en t 
IFrgure I ) . •rofTI he main 

F is;ur11 7. M<Jp of Au,rrsiJ.J shown1g Nor thtHtl Terrl rury. propose economically ~iab e 
agricol tural -developmcn t pos 
sib1lities lor the Northern 
Terri lory. Initially mvestiga-population centers o1 Sydn y 

Jnd Melbourne wh•ch lie to the south and east, r .. spect'v lv . 
There is no railroad connection between Oarwtn, the capual oi 
the Northern Territory, and southern Australia markets_ Surface 
connection ·s by unimproved roads, although w1thln the terri 
tory most major roads are paved. Commerci<J1 a r 5f rvicc to 
the ntsl or tho country is good bu t expensive. 

The Northern Territory became self-govern1ng in 1978, 
w·th all powers granted to other Austra h;~n stdtcs except a 
ntnor few (Federal Parliament in Canberra can veto any legisla-
1ion enacted by the Northern Terntory Legislative Assembly . 
Tha Territorial Government also rece•vcs special grants from the 
Australian Government which are no~ available to other states.) 
One of the arms of the territ o ry's firSt govemm mt was 10 ex­
pand agnculture in the termory. Range-cattle operations nave 
existed in the HlQIOn since the 1 880s bu field -crop aqr cultu e 
has largely bf'en a fa1lure. In the past 25 year~. three major 
attempt> have been made by private Interests to create arge 
agricultunl projects w1t~ primary crops of 11ce. sorghum, and 
peanuts. All mvolved several thousands of acres whereon the 
dearing, plar ting, ... d harvesting were u nder one management. 
Two factors were associated with the failu re of these three 

• Asso~la11 Profo~ cr Eco nomics, A9ncui1Urel Ex!)llrimunl Sretlon, Fa1r· 
banks. 

ors repo11ed that hot ticulturill crops, that · ~ fruns a.,d vege­
tables, for the local marke t appP.arcd feasible. In a second re­
port, h ld crops, 'ncludrng rice, sornhum, corn, peanuts, and 
soybeans, were Indicated for export and local markets. Govern­
ment protect management and individual fomuy umt srzes of 
operation were a lso recommended Thrs sturtv was acted on by 
the Northern Ternto ry Leg•sla tive Asstlmbly and legislat ion 
creating a projec· authority was passed in April 1980. 

The Agricultural Dcvelopm~>nt and Marketing Authority 
(ADMAI was created to bnnq agr culture back to the fam ly ­
~arm concepl. This t ramli!tes into f m s1zcs with arable land of 
around 2,500 acrfs. The big d iffe rence trom the three earher 
fa1lures was that the territr Ill qovernmP.n t would d1rect ly 
support 1nd1viduals, not large Investment gro Jps tn farming. 

ADMA has several functJom: 1 l purchase land neee~sary for 
tht> agriculttJ ral projec , through E>mrnert doma·n if necessary, 
from cattle opera~ors with lorg ll'rm IPases on qovernment 

rnd; 2) develop ove r!i!ll project plan and far-n t ract layout . 31 
sel ct fa rmerS; 41 prov1de low· mteresl loans to aid fann devel· 
opmer t; 5) establish an agricultura l infrastructure th rough 
direct mvestment of ,:lt. IJiic funds, subsidies, or loans; and 6) 
opP.rate the marketing system for the fannen u nt il they dectde 
that"" alternative market ing organization is morll' desirable. 
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Ftgure 2. Eroiiorr oroblf'Jtll .usoci~tMd Wtth a lm;~ agrrcultural dev~lop 
m nt undtJI privatf! mansgamtJnl in che Northern r, rrrtory. 

F'fl",.. 3 R•ci' farm in Adelaidf! Rtver proj,.·tarea. 

F~qure 4, Lond clt14ring in Douglas/Dilly pro}ectllrP.a. 
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Ftflure 5. 811d11n Ctmcron. Cfutlrm11n of ADMA, 4 D. 1-loorMr, Caordi­
nllfor o l ADMA and Boh Palmer, Cll11rman ~I Alesi< a Aqtltu/wrttl 4 ctton 
Council sur<evmg th• Douqllf00aly prOJCCt are.•. 

Fl(lUrl! 6 . Normal vugl!ltation llt>~or~ land clearing in Oouglu/Doty . Notfl 
amlttlls ;, rhe for~rouna md 11 w•ld t>one. 

The rlevelopment proposed for ADMA has been d ivided 
into two ph ases. Phase I is expected to require financ ial re­
sources of AS4,000,000 from tho Northern Territo ry Govern-
ment and four years begmning in 1980. Total land involved will 
be approximately 15,000 acres in the Adelaide R•ver and Doug­
las/Daly areas !F gs. 3 , 4 , 5, and 61. Si>c model farm s will be 
used to establish efficien t<~rm 01 gamzation and typical crop 
rotations that have potenual for good I"Conomic returns to 
Individual farmers. Th"s approach is useful for several re;tsons. 
1) when planting can occur ts limited by wet-season chmatic 
condit ions. so the model farms will orovrde agronomic bench­
marks for future farmers us.rng convent ional technology ; 21 
cultur111 practices and harvesting can be assessed and alternatives 
recommend!ld; 31 marketing can be organiled for specific crops; 
and 4 } Northf!rn Territory Government rundlng can be kepl to a 
mintmum 

I r the first phase Is doomed a success, then the second 
phase will be undertaken. This will mr.lude up ro 165 new farms 



with a total arable land area in excess of 408.000 acres. Phase I 
succP.ss depends prlrn:mly on obtaining reasonable crop yields 
which are consistent over several years. The translteon to Phase 
II also depends on tne Australian Government for financial 
support. The Northern Terntory Government has plans ro 
reQuest A$63,000,000 ( 1980 dollars I to fu nd the second pha&e. 
The federal go~Jernmen• Will require an economic evaluatio n by 
the Aust ralian Bureau of Agricu ltural Economics before it 
considers this request. T his P.valuation will probably not occur 
until Phase I 1S well underway. 

/\DMA will be heavily involved in m arketmg. It plans to 
function as a marketing board, buy·ng rice, corn, sorghum, 
peanuts., and possibly other crops rrom the f armers; m~rketmg 
these com modi ties; and operating enterior and export elevators. 
The Nm hern Territory, w1th a population of only 125,000 , has 
too small a local marl<ot to support a regional agriculture of 
more t han a few terms. Dilvelorment of an export market ts 
e5Sential to obtaining The critical mass tha t allows efficifmt farm 
!>izes and organi7ed markets. T his will require that a multi crop 
export elevator be built by ADMA. Until Phase II is well under· 
way, volumes through thl.' export and interio r elevators will be 
insufficient ro cover all costs of operation and debt service. A 
declining sub~idy through ADMA is planned; as volume in· 
creases., the substdy decreases, un t il it drScappears. 

Crops exported from the Northern Territory art! expected 
to be sold in Asia. OvP.rseas agricultura l t rade is th~ hallmark of 
m<Jinstream Ausrralian agnculturc. Great Brita in was rhr. first 
major, nondome$tic marker; but in the period following World 
War II , the United States and then Japan superseded Britain in 
thrs regard. Now, expandmg markets arc found in South Ko rea, 
Ta1wan, the PP.oples Republic of China, and the developing 
niltJons of South Asid. It Is. to this group that ADMA will direct 
tts primary marke t deve lopment efforts. A t rade mission spon­
:>ored by the territorial government h as been sent to South 
Asia. Small shipments of agncHitural commod1tie~ to Singapore 
ha~Je already occurred. Northern Territory agriculture can ex­
pand only if Asian markets are penetrated. Therefore, without 

aggressive marketing by ADMA and associated groups, particu· 
larly in Phase II, the agricultural project may not succeed for 
th•s reason alone. 

FINAL THOUGHTS 

Agricu lture in the Northern Territory must have an ex­
panded app lied research base tv prov1de ins1gh t Into the agro· 
nomic p rob lems tht~t wrll occur as Phase I and then Phase II are 
implemented. The Territorial Govemmont has supported re­
search through 1ts Department of Primary Production for many 
years bUI the effort must be increassd. Since earlier large-scale 
agrictJitural projec ts undertaken by the privatfl sector were rai l· 
ures due, 1n part, to lnsuf!icillnt or inadequatl) use of agricul· 
tural research , emphasis on this activity will be pivotal to the 
success of this agricultural project. 

TI1e cornerstone of Phase II i:; economic feasibilny. Finan­
cial participation by the federal government will depend on 
adequate p rogress in farm development and marketing thrOLJgh 
Phase I The Nor rhern Tern tory is trying to create attractive 
imrestment opportunities •hrough lowered farm land prices, re· 
duced rnte rest rates on farm loans, and go11ernmcnt s.ubsid1as in 
marketing. This may appear as ' 'forced" develo1101ent brought 
about th rough mampulation of the market system Alternative· 
ly , It can be viewed as a way to get agriculture ~tarted. This 
approach, the success of Phaso I, and the funding and dcvelof,)­
ment of Phase II will be events worth otKervmg. Alaska and Its 
agriculture could obviou~ly benefit from informauon gaino-d 
from events in the Northam Territory. It is also likely that these 
benefits. are reciprocal. Contact betwef!n the tvvo regions should 
contmue. 

Editor's Note: The auihur was, during tu~ ~mt ro the Nortltern Tttrrltorv 
rn NovP.mbrr 1980 " Semor Fulhnght Scholar on sabb.mcal ftSIJ V•' from 
rhe University of AlaJka. J.rtd Wils ~ vtstrmg professOf In rhe Dep;~rrm11rtr 
of Agrtcuttur.~l fconomtC$ and 8UJiness M11rwgemenr, Un111ersity of Nl!w 
Em;Jnnd, Armidaltl, N. S. W 4ultraltu. Fundtf19 tor rh .. Fulbflg/1. award 
was provtded by rhe AurtNhan ·4mer,can !EducatloiiiJI Foundarion, C~tn­
bl'rra, A. C. T. , Au1trl!llliJ. Funding for ~he vwr for l/111! Norrhem Terrttory 
was pro vided by the Dfftt;e o l rhll Governor. Sra~ of Alssku. 
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Climatic Trends in the Interior of Alaska 
Moving Toward a High C02 World? 

By 

Glenn Juday• 

A notable featu re o f the Industrial Revolution of the past 
two centuries has been the exten!;ive a nd increasing combustion 
of fossil iuels. The anergy and raw materials produced trom 
these fuels have, of course, made the modern world as we know 
it. But as an inescapable consequence, a significant amo unt of 
co1 has been p laced into the a tmosphere. 

Precsse measurements of atmospheric C0 2 be-gan at Mauna 
Loa volcano in Hawaii in 1968 and shortly th11reafter ot the 
south pole and at Poin t Barrow, Alaska. The initial concentra · 
tion 1n these measurements was about 3 15 parts per million 
(ppm) o r .0315%. The latest readings are app1oximately 338 
ppm an 1ncreasll of ovur 7% sn that short time (Machta, 1979; 
Keeling, 19811. Currem cllmat11 models and, in fact, a neigh­
boring p lanet, Venus, shmv us that a high CO~ atmospheric 
content produces the "greenhouse effect." High-energy, short· 
wave, solar radiation is transmitted Into the atmosphere relative· 
ly unaffected by CO,; but once It str1kes a surface and ss coo· 
verU!d to long-wave radiation (heat). It rises and is partly ab­
sorDed by C02 rather than radiated freely uack mto outer 
space. (Greenhouses warm primarily by rP.ducing convection 
losses. I 

Jus-t how llk.ely 1s it that at C02 · induced warming w1ll 
occur? Is it possible that a nawral cooling trend c ould co-unter­
act th1s warm ing? What challenges and opportunit ies would wa 
face in a warmer Alaska? How has the cltmat,e been changing 
ove1 the last several hundred years, particularly the last 75 
years, in which weather o bservations havl.' been rocorded in the 
inttuior of the state? 

C02 AND CLIMATE·WARMING PREDICTIONS 

The C02 climate-warming problem is o f particular Impor­
tance to Alaska because o f a key result from climate-simulation 
models of a high C01 world. If 1he atmospherlc·C02 content 
were to double, the cllrnare mode ls indicate that the global, 
average, surfoc~ tempP.raturo would increase between 1.5° and 
4.5"'C (2f and 8 1°F) (Budyko , 1969, Manabe and Wetherald, 
1980) But this projected warming •~ not expected to be d istrib­
uted uniformly over the plane t. In the high lauturles, especially 
in the northern hemtspherP. above 60" no1th lautude, some esti­
mates ot warmin9 range between 8" and 1 i ' C. 

These estimates ot the <1 mount o f C0 2 · induced climatic 
warm1ng cannot be taken as exat;t predicttons of thn amount, 

•vi~iung AssoCtill • l'rolft50r ami Erologi~:a l R-r~as Coordinator Agrl· 
cuhur1l E111perlment St11tion, F1lrbankr.. ' 
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timing, or even perhaps the reality o f warming. The current 
generation of climate modi!IS ha1o1e had problems in modeling 
ocean· heat transport, loud-temperature feedback., ond atmos­
pheric interaction With the real geography of the earth 

Despite these madelmg limitattons and somo dispute over 
the magni tude of thn warming to be expected, th1ne is an omerg­
lng consensus that, othe• factors remaimng constant, the earth 
and lhe high lalitudes in particular will warm Significan tly as the 
result of an expected doubling of atmospheric CO:! over 1he 
nex t sever;;~ I decades to co tury (Natsonal Academy of Sciences, 
1979; Manabe and Wetherald, 1980; Watts, 1980; Bayes ct al., 
1976; Au~stsson and Ramanathan, 1977). All one has to do is 
assume a lariJI!·P.nough CO: lncrea~ and 1ilow enough time for 
it to have its full effect. The National Academy of Sciences 
study concludes, "To summar ze, we ha\le trtP.d but have been 
unable to fin d any overlooked or underestlmilted physical 
effects that coofd reduce the current est1mated global warmmgs 
t o a doubling of atmospheric CO , to neg ligible proportion$ or 
to reverse them a ltogether .. It appears that thll warming will 
eventually occur . . . . " 

For the immedrate future, however, the qual ifier, "other 
factors remaining the same" becomes quite important. We now 
kno,.,• that In the past the earth's climate has done anything but 
remain the same. Thu problem is to detect the "signal" of CO~ 
in the " noise'' of chmauc fluctuation. 

THE NATURE OF SOME CLIMATIC FLUCTUATIONS 
IN THE HIGH LATITUDES 

I. is possible that the bockdrop o1 natural variabilfty within 
which any C02 · induced w<~rmmq will be operating may be 
trendrng toward cooling, producing a net cancelling effect. For 
example, during the period of thll' greates1 outpouring of col in 
history, 1940· 75 , the avera!Je global temperature was actually 
decl ining erratically; the declmc was r sJ)t!Cmlly apparent in 
the no rthern hemisphere (Mitchell, 1979l. Both long-t~rm and 
short· rerm factors produce natural climatic variabll iry. 

Large volcanoes wh1ch inject grea1 amounts of sulfur gases 
Info thP. upper atmosphere appear to prod 1ce a short-t erm cool· 
ing of the earth's chmatc. Hammer et al. (1980) Cite evidence 
that the~e sulfate aerosols cause cooling because they are par· 

ucularly effecuve in ratlectmg incoming so lar radiation m the 
troposphen~ . As the sulfat~s settle out of the atmosphere and 
are deposited with prec1p1tation on lea sheets, Lhey leave a zone 
o f hsgh acid ity wh1ch can be dated. A rough correlation eXI&ts 
between dates o f high ice acidity in cores taken from the 



Greenland ice cap and periods of cooling over the last 1400 
years. Tl1e period otter the 1912 Mt. Katmai eruption in sou~ 
west Alaska to the 1940s, a period ot warming, was low ·n 
major volcanic eruptions. ThP. 1950~ and '60s (cooling) had a 
more nearly normal number. (The Mt. St. Helens eruptw n of 
MllY, 1980, was notable for the low amount of sulfur it pro 
duced! . 

Variation In energy output by the sun Is another source of 
natural climatic \!anabi lity. It is thought that sunspots may 
repres,ent con\!ecttve storms on the ~un, which throw off more 
Pnergy than would a smooth, undlsturbed sun surface (Hoyt, 
1979a}. These sunspots occur in 1 l -year cycles. Hoyt (1979b) 
found o good correlation between average northern hemisphere 
temperature anomalies and an mdex ot solar activity based 
upon sunspots for the pertod 1 880· 1970. Berri et a l. 11979) 
tound that the gro\vt:h of Stberian larch near the tundra (depen­
dent upon summer warmth primarily) correlated well with solar 
activity . However, northern- hemts.phere tamperature-s in this 
century have becomP. stt!adt ly warmer than the sunspot index 
lrepre~n t.ati'We of natural climatic variabi lity) alone would 
prt!dtct. Hoyt ( 1979bl takes th1s as evidence of CO; -induceri 
climatic warming of between 0.3° and 0.4°C over the period 
1880 1970. 

In addttion to $hort- term climatic fluc1uations, there are 
susta ined long-tnrm movements in overall c limate. Basic ally, the 
sequence of chmates dating back about 500,000 years correlates 
qttrte well witt\ a simple model of the earth 's orbital variation 
(lmorie and Imbrie, 1980}. 

Thr. earth's axis of irs daily rotation 1s t ilted off the tllane 
of us orbit around the sun by 23.5° . Th1s means that dunn9 the 
course of one orbit (one year) the northern hemi~phete 1s in­
dined toward the sun (northern-hemisphere summer~ and then 
hallway through the orbit six months latll r 11 is incl iMd away 
irom the sun by the same amount (north em-hemisphere winter). 
The angle of the t ilt has changed slightly over Limo, and s1nce it 
follows the laws of orbital mechanics, It can be predlcted fo r the 
future. Obviously, the more the northern hemisphere is tilted 
towilrd the sun 10 thl' summer, thl' more radiant energy can be 
abmrbe<l In the Ice producing far north. Tho earth's orbi[ 
around the sun is another source of variability The orbit is not 
clrc:ular but elipt1c. Thts means that at certatn times of the year 
the planet Is closer to the sun, recel¥ing more energy, 1han at 
others. If this close solar ppproach corresponds with the nortJ,. 
ern hemisphere summer, agam as an example, then there will 
again be a warming response ·- aort, und~r opposlte <:onditions, 
a cooling. 

The northern hemisphere high latitudes are particularly im­
portant in this con lJOI of the planetary climate systom because 
the-se regions are the great land masses of t11e world which , un­
hke rhc mostly OQlanic southern hemisphere, can accumulate 
great area:) of permanent ice and snow. If there Is enouftl 
summer cooling t here (low snow and fee melt) and warm, moist 
wmters (high snowfall}. then rhe r.1lanet enters a glacial era. If 
there is sufficient warming, then glaciers reced~?, sea level rises, 
and the whole hemi~>phere warms markedly (Ruddiman and 
Mcintyre, 1981). 

T he predtctJon of orbital models Is U1a1 the dP.ciine from 
lha peak of warming that e<:ct.Jrred aboul 6,000 years ago 
should continue for about4,000 more yea rs. A stro ng ameltora­
tioo is not expected unti l about 15,000 years from now (Kukla 
et 1:j1., 1981). So it does appear that the general cl imatic back· 

gro und will bo one of cooling, although short-term variations of 
natural factors wil l continue to amphfy or counter thl& trend. 

What have these major fluctuations o f c limate over the lau 
several thousand yea ts been? !-low does the Fatrbanks climate 
record fi t into ,his? Where does it stand now m relation to the~e 
changes? 

THE CHANGING CLIMATE AND THE FAIRBANKS 
CLIMATE RECORD 

The mon convenient starting point for an anafy5is of 
c limatic changes aver the last several millennia is the peak o f 
the cooling o f the last glacial period aoout f4,QQQ VedrS ago. 

Heusser et at. ( 1980) nota that the change from full glacial 
to modern climate was very rapid in northwestern North Amen· 
ca. being esscnttally completed in 1,000 years. This. Jrea, under 
full glac1al icg conditiOns 14,000 years ago, shows evidence of 
v-egetation characteristic of •.'V11rmer ancl drier concittions than 
now J')revail at severalloc.atlom 8,000 yean ago. 

The forest- tundra t reeline In rhr central Canadian Arctic 
has been an importmt marker for the sh lft:ng of climate in the 
past several thousand years. Durmg Lhe major warm interval 
between 5,500 and 3 .500 years ago, trees ~rew 240 krn north of 
the current treelinu. Then, during a cltmattc regros!llon, trees 
failed to regenerate ln this zone aftet Lorest ttre; and were 
eliminated, Between 800 and 1000 A.D , the climate was again 
warm and trf!eS grew 110 km nonh of modern limits. Thtl 
cooling of the " little Ice Age" &IH tn and again trtl~tS failed to 
regenerate after fires (Bryson et al., 1965). 

In Alaska, evidence tor shifts tn treeline during these t ime 
periods is very sparse. There IS, however, a noticP.ablt ad11once of 
seedling trees into alplne tundra in the interior of the stat e 
dat ing from rhe rB(;ent warm interval in the 1940s \Viereck, 
1979). 

It is mteresting to note lhat the great expansion and colo· 
ni7ation o f northern lands by Scandinavian people dunng the 
Vtking Age was coincident with tne most recent, major, warm 
interval, from about 800 to 1200 A.D. Dunng ~his period, thl! 
colonization of Iceland and then Greenland took place, and 
North America was "discovered" about 1000 A.D. The dtsap­
pearanr:e of the Greenland Norse colony [ook place with the 
onset of the Little Ice Age. Its place In Greenland was taken bv 
Inuit people of The Thule culture who abandoned Baffin Island 
(further no rrhl a· this timr. 

The climatic record for most AlAska weather stations be­
gan only in the early part of til e present century. Hamtlton, 
(1965} hl!s analvzcd tempera1ure records through 1959 of sflov· 
eral Ala&ka stations In five re(Jions of the sta1e. He found that 
there was an overall warmin~ from the late 1800s to the late 
1950s of 0 .6 to O.SeC. This cam1:1 J.bou t in a gradual warming 
from 1910 to 19 35, then a pronounced peak of warmth at about 
194 1, followed by a sharp coolmg to 1947 with little change 
t hereafte r. All stations agret:o closely 1n these major features 
and malched the overal trends ot the northem hemisphere well. 
The Fairbanks Atrport Statton was not used in Ham il ton's study 
but is repreSllntative of cltmattc condittons in the ·nterior or the 
state. Its first year of record I!> 1905. Figure 1 shows the mean 
annual tempera tures for thas station for the length of record . 
Four feature-s In it are of panicular re levancl' . 

A warming trend, sto rtmg trom il very low base ln the 
earliest years, is evident up to 1929. It was followed by a subse-
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Figu•rJ 1. Mi!arJ .mnu.tl fRmpetiltutOIS, Furrbanks A irparr Station, 1905-80. 

quent cold period until ll sustained warm Jnterval from 1940 
through 1945 developed. Then came a sevore regressio n Lo quite 
cold years relieved only by irregularly distnbu ted years of 
moderate warmth in the late '50s. Finally, rhe years from 1976 
to the present have belln nearly unprecedented for sustained 
warmth and include the second warmest year on record, 1978. 
F1guw 2 illustrates the trends of 1ne m ean month ly surnme• 
tttmperatures. Although the bBsic patterns of the annual tem­
pe atures hold up, there are some noteworthy differences. 

The coo lnoss of tho earliest part of the century IS evident, 
along with a lrend toward warmth in the 1920s. A sustamed 
warming of wmmer temperatures began in 1966. peaked in 
1974 and 1975 in the warmest summers of the entire record, 
and has been broken only by the coolness of the summers of 
1980 and 1981. 

Figure 3 represents lhe course of averag~d mean monthly 
wintl:!r temperatures tot the length of record. The basic featu res 
of rhl' annual <md summer temperature records are found 1n the 
wmter tempet ture recora as we!.ll, but again with a few notable 
differences The recent warming of winter temperatures has, in 
contra~t t o thf! record o f summer temperatures, begun only in 

the last 5 years. But that warrn no has been strongest in the last 
2 yeat"i . 

Figure 4 shows the trend in t ho length ot growing season 
measured as both number of rlays between 0°C (32°F) and 
-2.2°C (28a F). The trend is clearly toward an Increase ; thts 1s 
about as clear as climatic trends can bn 1n this length of n me. 
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Figure.!. A verage of mean fi•Ontl'lly surnmiN temtH!rnture> IM11y · ~~HI. 
F111rbanks A 1rport S(atiOrJ, 1905·80. 

Gt owing·season length stil! fluctuates and · elatively short 
seasons still ocurr, as the 87 day, 1981 season (above freezing! 
recently reminded Fa1rbanksans. However the length o l season 
above the ·2.2°C threshold m 1981 was a con51detably extended 
146 days. In general even the low spots on the curve In recent 
years are htgher than the shot t seasons of previous years. Th•s 
recent and strong warming is qenerally unappreciated In much 
of the literature because the cooiinq of tho ·50s and '60s was so 
abrupt anrl wldespreao. But ooes this represent the peak of a 
trend, or simply a. return to a norm that prevailed before the 
measurements were take in the interior of Alaska? Garfinkel 
and Btubakur ( 1 980) haye matchP.d the Falrhanks Slat• on record 
of May -Ju ly temperature with the troe ring width record of 
white spruce {P;cea glauca rMoenctl] Voss) growmy at reeline in 
the Brooks Range 250 miles from Fairbanks. The correlation 
during this calibration period wa~ HoOO enouqh to enable 
them to accept the record of conditions revealed bv tlm u~s 
alone from 1829 to 1905. Tree growth indicated a warming 
more or less stoadtly from 1829. They calculated mat the 
twentieth century ha5 been approximately 2.1°C warmer in 
those months than was the nineteenth . 

Jacoby and Ulan (1980) have obtained tree-ring series from 
the northern Yukon dating back over 400 years. The Yukon 
chronology has been correlated to the available weathE.>r record 

\'EAR 

Flfl<He 4. Ltmgrfl af grow1r1g seaJQn, f!airbanks Airport Stacion, 1931·80. 



{Jacoby and Cook, 1981) This chror~ology reveals a cl imate 
sl ightly cooler than that at the beginning o f the twen tieth 
century near 1550, followed by an erratic but general decline of 
nearly .4°C to a d istinct low near 1700. The years from 1700 to 
nearly 1800 were recorded as being mald~r than the b·eginning 
of the Fairbanks record by just over 1° C. A cooling by as m uch 
as 5° C 10 the modt~rn minimum followed to tho 1830s or '40s. 
Thereafter the record is in excellent accord with the Garfinkel 
Jnd Brubaker reconstruction and the Fairbanks station rF?cord. 

In looking at these trend~. It is interesting to notll that tho 
end of the Little Ice Age and the beginning of rlw m o<lem era 
of high CO_ J;)roduction, the Industrial Revolution, bot h date 
from about 200 years ago. It is tempting to assume, at least 
tentatively, a cause-and-effet:t relationship there. The erratic no· 
turEI of tlw cl1mate trend, such as lha cool ing o f the '50s and 
'60s, could be accounted for by local and regional variabi lity, 
solar cycles, and volcanic effects. The warm1ng that has taken 
place to date wouh1 be all rhe more Impressive when lh!t cooling 
that the orbital variation model mdir.atcs should have been 
happening for the last 6,000 years is econsidercd also . But 
such a cor1clusion would be premature. A better understanding 
of the causes o t climate vanabihty, one that deals mon? effec­
tively with short-term fluctuations In particular, 1s needed. The 
solar sunspot record, fo r example, ~!so correlates with the 
modern warming of i111 but the last few decades. A few more 
years Of obser•JatianS Of WOrld Cl i•mte and Btmosphenc COl 
l avel~ may be very significan t loo. 

If no na.turnl background cooling is taking place, the C02 • 

induced warmin g should be o bservable sometime bcnveen now 
and Lhe year 2000 (Madden and Ramanathan, 19801. One of the 
most (mportant factors that m ight be responsiule for the lacj( of 
a pronounct!d C02 induced warm1ng 1n the las t few decades is 
the thermal inertia of the oceans. The heat storage capaci ty o f 
the oceans is enormous; we mav not yet haue reached the 
threshold at wh1ch the stored hea t makes a difference in the 
global climate However, i r no real warm in1J is nvident in the 
next 20 years, then th~ C02 - nduced climate-warming hypothe­
sis w1li havr> to be seriously (luestloned. 

What have the effects been ol the warm ·ng thar has taken 
p lace to date? What would an t?ven warmer Alaska be like? 

THE EFFECTS OF WARMING IN ALASKA 

Since the ground "remembers" the temperatures to which 
it ha~ been exposed by storing the heat (or cold depending upon 
your point of refemnce). gro und and soil tem~ratures are an 
excellent place to loo k for lhe effects of warming. 

Thte (19741 has shown thot, in central M;mitoha at the 
southPrn edge ol the permafrost region, there is ex tensive 
melting o f permafrost. He estimates that this began about 150 
years ago, which WOLJid correlate welt with the onset of the pro­
nounced warming <lt higher latltuclc.s that began between 1820 
and 1830 . ln rhe Manitoba study area, 60% ol the land once 
contained permafrost; it has been reduced lo 15% today. Land 
collapse and vegetation changes are 'l't' idespread. Lachenbruch et 
al (1 966) show thllt the equ ilibrium tem perature p rofile t or the 
pcrmalrost at Cilpe Thompson in northwest Aluska has warmed 
about :tc (from -7 to -5c CI and that this pulse of warm th has 
mtgrated down about 14 0 mete rs toward the ba~e of the perma­
frost at 3 95 metDts, indrcating that it is recent and continuing. 
The pcermafrost :mutation has parlicular relcvancl! to most of 

central and eastern Alaska south of tho Brooks Range and 
especially to the Fairbanks area because permafrost i~ discon ­
tinuous here; much of that which is present is ''warm" perma­
frost. It now appears that, even wiThout disturbance, some of 
the wann est permafrost bodies 1n the Fairbanks area are near 
surface mclti ng; because of burled rce lenses and 1ce- rich silts, 
this would lead to gro und subsidence. Everything f rom an 
al tered hydrology to damage t o ungineering struct .. nes could 
result. 

If the recent warming continues. then the treeline ad•1anc;es 
seen in Alaska in the 1930s and '40s should be eXCP-eded The 
northern Hmr• of -;ilviculture might be advanced a~ it was in 
Scandinavia in the 1930s and '40s (Mikola, 1962). The timing 
and vigor of tree seed production could be affect.ed 1n the taiga 
fom5t as well as tree growth, nutrient cycl ing, insect outbreaks, 

extent ol wi ldfires. and big game and bird survival. But the 
effect s are not a lways likely to be .stra1ghtforw<~rd. Frn example, 
the recent series ot warm winters. in Alaska has been caused by 
steady southerly winds off the north Pacific. The first mountatn 
barriers t o intercept these winds have received a much greater­
than-normal snowpack. Game survival ln -hese nreas could be 
reduced by heavy ~nows. In the Interior, there have been short 
periods of above ·free~mg weather all through the recent mild 
lr'Jin ters. This has caused a coatmg of tee over important ammal 
fofage plants in some caqes, and a dense , crusted snow of 
lowered insulation value in otllers. 

Differential effects 1n Alaska glaciers ure likely also. The 
southerl y moist wrnds of th!! last 5 years hove caused a Lremen· 
dous increase In the wlntP.r snowpack south of the creru of the 
Chugach and Alaska Ranges. Terrcstnal valley glaciers, such as 
the wolverine glacier basin (Larry Mayo, personal commumca­
tionl. are thickeninq and mighl advance. Trdewatnr gbrcrers ot 
Prince Will iam Sound and lha Kenai Peninsula that have exten­
sive. h igher-eleva tion, gatherinQ areas and stable or thickening 
subaqueous mora1nes, could also be expected to advance signifi­
canlly if recen t weathe r pattern5 continue. Yet, 1f the recent 
wannth is sufficient to cause a net recession of the termini uf 
these ttdewate r glaciers then somB could be poised for cata>­
trophic retreat. Because of thi! recent retreat of the terminus of 
tho Columbia Glacie r near Vitldez, Neier et at. ( 1980) have 
pred1cted a catastrophic retreat o f 20 mile.:. or more in t his 
glacier m the next few decades. This, if it occurs. wo uld crowd 
the oil tan ker shipping lanes with icebtirgs. 

The behavior of river ace in thP. interior of the state, espe· 
ciallv the dates o f brealicup and freeling, is another important 
area o f response to cl1mate changes, sinoe commercwl barge 
t raffic on the larger rivers is an Important factor in The economy 
of many communities. The date of the breakup ol ice on the 
Tanana River at Nenana, southwf!'st of Fairbanks, has been the 
subjec t of a statewide lottery every year since 1917. In onlv 16 
of the veers did the ice breuk up in April instead of May. Half of 
t hese early (April I breakup ynars are accounted for by the two 
major warm peaks in the F~lrbanks climatic record - 1978 
thro ugh 198 1, 1939·40, and 1942 43; 1he others match scat· 
tered warm years In the record. In fact, until the last f our 
years, which have had an unbroken succession of April break­
ups, there was no period longer than two years With early 
breakup dates 1n the entire record. 

The beh av ior of $ea ice is another ex Lremely significant fac­
tor o f climatic rcspon$e in Alaska Although the rate and timrng 
of the disappearance nf sea 1cc t on be greatly influenced by 
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physacal factors, the broad trends or warming and cooling are 
ul t1mately decisive influences. Niebauer ( 1980) reports that 
while saa·surfac:e tomperatures were falling and sea- ice cover 
expanding m t11e Eastern Bering Sea from about 1973 to 1976, 
since 1976 there has been a precipitous decrea$0 in ice cover and 
a strong surface warmang there. It has been hypothesized that a 
significant incr&ase in col might eventually cause the disap· 
pearance o f the Arctic: Ocean ice pack m the summer; however, 
offects far short of this could be of eno rmous significance to 
Alaska (Parkinson and Kellog, 1979). For example, the winter 
climate in western Alaska as greatly mfluenced by the seasonal 
wmter sea· ice cover in the Bering Scil . An open ocean for a 
significantly greater part of the winter cotlld be expected to 
cause graill change~. The sedimentary basins of the Bering Sea 
afe soon to be the subject of oil exploratron end possibly 
developmental activities; the design and construction of on­
shore platforms and as~ociated structures there must contend 
with storm o r ice conditions mnt may develop. There is continu· 
ing interest in the tran~portatfon of arctic resources, especially 
oil and natural gas, by silap from the southern Amic Ocean 
down through the Bering Sea. The Bristol Bay salmon resource 
ln the southeastern Bering Sea is om: of Alaska's richest. Any 
ocfmnogrephic changes associated with a changing climate in the 
North Pacific Ocean or Bering Sea could nave tar-reachang con· 
w.quences for the people and economy of western Alaska and 
the state as whole 

But perhaps the most far reaching consequences of C0"2 -
induced chmatac warn1ing would come about if the hypothe· 
sized collapse of the west Antarctic ice shelf occurred, rap1dly 
raising world ocean levels by nearly 16.5 feet (Mercer, 1978)_ 
Much of western and northarn Alaska's c oastal region is flat and 
low lying. Most of the state's populatio n lives in the coastal 
region of southcentral and southeast Alaska. 

On the other hand, a real crlmatic warming could enhance 
the prospect~ for success of A laska '$ new agric u ltura l develop· 
ment projects. This could be of patfcular importance for tho 
country as a whole (and the world) it warm rng were to bo asso­
ciated with drought reductions in the grain· producing ability of 
cennal North Amet•ca as indicated in some recent climatic 
models IHan~~n er al., 198 1). 

In a recent summary, IK!veral ot the major consequences of 
e col ·Induced climatic warming tor Alaska and adjacent high 
latitude regions were identified (Juday and McBeaTh, 1981); 

1. Rising sea level reQuiring redesign or adaptation of 
coastal facllitl~ and relocation of some population . 

2 Melting permafrost In the warm permafrost r~gion of the 
interio r causing damage to roads end buildings from 
ground subsidence and changes in hydrology and natural 
vegetation. 

3. Advancing glaciers and catastrophically retreatrng glac­
iers in thl! high precipitation regions of Sou thcentral nnd 
Southeast Alaska wtll occur as long as moist southerly 
winds contmue to be the p redominant winter weather 
pattern. 

4. Succes~ful agricul tu re brought abour by warmer growing 
seasons and soil temperatures and e>< rendoc! growing 
seasons. These conditions would be e><pected to increase 
yields of he exi~ting crops. If the warming is. sufficlen t, 
a broader rango of crops m ight be grown in Alaska. 

5. Increased nevagabihty of Ataska waters especially thP. 
Bering Soa and $OUthernrnost Arctic Ocean caused by 
shorter seasons of 1ce blockage; this o ffers the possibility 
(and prob lems) of shipping arc1ic resources instead of 
transportmg them by land. A longer shipp1ng season on 
interior rivers r:::ould also ~ expecled 

6. Expanding forest and shnnking rundra c;$pecially in arc· 
tic and subarctrc Canada where large shifts in treeline 
have occurred in the pasL In Alaska, the effect m ight be 
seen primarily in alti tudanal treeline shifts. forest mow · 
mcnt into western Alaska, and in the replacement of 
marginal tundra woodland with fu ll canopied forest. 

7. Changed hydroi09Y causoo by changes In density and 
depth of snow cover, l'l!Qtonal increases and decreased In 
precipitat ion, and drainage n!!twork changes associated 
with melting parmafrost 

8. New ecological circumstances for fish anct wildlife popu­
lations, both positive and negatave. 

Will all of the$€! effects occur? The result is by no means 
Cflrta n, but the experiment Js runnang. The u ltimille outcome 
w1ll probnbly become c lear within the lifetimes of most people 
reading t h is article. 
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Forestry in Sweden and Finland 

Its Applicability to Interior Alaska 

By 

Anthony Gasbarro* 

INTRODUCTION 

Wood products from t he forests of Sweden and Finland 
play an important role in the oconomies of these nations. Each 
of these countries ha~ a national forest policy wh'ch calls for a 
sustained annual ha~"~Jest o1 forest prm.lucts rhatls near or equal 
to the productive capab•hty of the forest land base. In order to 
attain thi~ goal. both public and private lands are managed n 
tensively usmg various silvicultural practices, many of which are 
financed by government grants. Forest cooperatives make It pas· 
s.bl£! for small -woodlot owners in each count ry to participate in 
the fares· economy. 

Forestry in interior Alaska is relatively undeveloped com· 
pared to Sweden o r Finland , but Alaska has a similar forest land 
base and is thought to have considerable development potential 
{Braatl1e, Holmen, and Nyyssonncn, 1978 ). Interior Alask~ 
forests grow as rapidly as similar forests in Sweden and Finland . 
These Forests also can be subjected to many of the same man­
agement practices, bu t there are some im portant dtfferen~s. 

Sweden and Finland have milder cl imates than fmerior Alaska, 
ha11e no permafrost in forest land areas, and enjoy favorable 
markettng conditions fot their forest products . 

CUMATE AND SOILS OF FOREST LANDS 

A major portton of the forests of Sweden and Fin land 
grow~ in the same latitudes as the forests of Interior Alaska 
IFigure 1) . ProductiVe forest rands rea<:h further north in these 

Table 1. Temperature and Growing Season Comparisons. 

Mean Temp. Ranges (''F) Length of 

Location July January Growing Season (days} 

Sweden/ 
F.nland 
Interior 
Alaska 

58 to 6:? 7 to 32 

54 to 59 -15 to 1 0 

100 to 140 

90 to 120 
Sources: Swedisl'l ln~uuae. 1979; Zasada ct al . 1978; Selkregg. 1974. 
1975. 

•Instructor, Forestry, and Ext~tnSlon Fotesler. Agricultural Exp.,.imet!t 
Station. Failb1nlcs. 
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Figure 1. The clrcumoolar rwnge of tire bore.tf fore$t ~llowmg tho simtler 
lar;rudes o f rh~ boreiJI forest m Alaskii tnd Sc~tndmaviil, Source: L11rs-en, 
1980. 

countries due to rhe milder climate brought about by the Atlan· 
tic Gulf Stream (Table 11. However, the probability at a frost 
occurring during the growmg sea~on is greater in Inter ior 
Sweden and Finland than in interior Alaska. Both Sweden and 
Finland are also influenced by the continental and drier climate 
that origmates in Russia. Most forest soils in Sweden and Fin· 
land havo formed on rocky moraines or sandy sediments. In 
general , water infiltrates readily ·nto these soils so that oros ion 
fron1 surface runoff is minimized. Both countrie~ have wP.t peat­
land so ils that are drained to support proouctive forest growth. 
Forest soils in Interior Alaska ran~ from highly erodable, wind· 
deposited silts to well -drained soils fo1med in alluv ial sediments. 
No att empt is currently being made to drain peatland soils In 
Alaska for fores.t plantations. 



FOREST RESOURCES AND THEIR OWNERSHIP 

Relartve to their total land area, both Sweden and Finland 
have signif1cant acreagos of torest land (Table 2). Productive 
forest lard co'JE!ts 57 per cent of Sweden and 65 per cent of Fin­
land For laod to be comidered productive it must be able to 
grow annually approximately 15 cubic tee t per acre o f usable 
wood (Braathe, Holman, Nyyssonen, 1978) . 

Table 2 Foreu Resource Statistics. 

------------------------- ~S~w~e~de~r~l _______ F_in_la_n_d __ __ 
Totnl land area 173.700 mi~ 130,082 miJ 
F('Jrl!n tanri area (acres) 
Forest Ia d (%) 

60.'1 1"'lilhon 4 8.7 m1lhon 
57 65 

Tree spe<:ios by vo lume (%f 
Pin~ (Puws sil'lostri$ L ) 38 
SprucP (Picea obies L Karst! 45 
8 rc ! Betvla veruco$il Ehrh.) 1 0 
Oth~r 7 

Anr.uol growth {cu. ft.) 
Total 
Growth/acre/yr. 

Forest land owner~hip (%) 
Publlr. 
Private 

Company 
Other 

2.5 billion 
42.9 

26 
75 
25 
50 

45 
37 
15 
3 

2.0 blll1on 
41 .4 

28 
72 

8 
64 

Sources 111e Swc-1 sh frsttlute, 1979; Nallonal Board o f Fo.restrv 
(Swf!d!!nl 1977: Ftnntsh Forestry AaociaLtol'l, 1980· fJnlon Ban'k of 
Finland, t9BO. 

Armual forest growth in Swt~den and Finland .amou nts to 
2.5 end 2.0 bil lion cubic feet respectively . O n the average each 
acre of forest land in each country procJuces about 42 cubic fefll 
of wood per acre per year. 

The principal tree species arc Scotch pine, Norway spruce 
and European white birch. I'Jn(! and spruce account for over 80 
per crmt of' the wood volume produced. Lodgepole pine origt 
natmg In nur thwes1 Canada has been introduced into both 
coumrie!.. 

PriVate ownErship accounts for 3/4 of the forest land base 
in both Swedtm and Finland. However, the two countries diifcr 
m th amount of forest land owned by large companies. Tv\'enty­
five per cenT of the private forest land in Sweden Is m large com· 
pany holdmgs while large companies account for only 8 per cen t 
of Finland's private forest land base. 

Both co.mu·es have m<my small forest 1'1oldmgs, usually 
combmad with small fnrms. There rH 197,000 small forest/farm 
holdings in Swedef'l and 250,000 In Finland. The a~·erage ·$•Ze 

lore~l In these holdln!Js is 130 acres m Sweden and 60 ncres in 
Finland (Nat onal Board of Forestry, 1 980; Metsaliino Group, 
1980), ln Finland, 80 pe1 cent o f the annua l wood products har· 
vest comes from small, private forests (Nyyssonen, 1978). 

TH E FOREST ~CONOMY 

The forP.st prod Jcts industry tS very ·mportarH m lhe econ· 
omles of bo th counrrics. Tables 3 and 4 show same pertmcnt 
economic statiStiCS concerning forestry employment and foreign 
exchange earnings ()eneraretl by the forestry sector. Forestry 
employmont accounted for 254,000 jo bs or 6 per cent of total 

Tabla 3. For&rt Industry Employment In Swaden and Finland. 

______ ___ ______ __;S:..:w.:..eden F 1nland 

Full and part · tima 254,000 (1978) 400,000 (1 977) 
employees in forestry sector 

labo t force m forestry 
sector(%) 

6 

Soure~ . The Swedi5h lnsunue, 1919, NyyJsonen. \978. 
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Tablo 4 Forest ProductJ and Foreign Exchange: 
Swedan and Finland, 1978. 

Sweden Finland 

Forergn exchange derived from 
exporting forest products (%) 

Fore1gn exchange spent o~ 
im~1orting forest products ("~) 

20.5 

2.3 

44 0 

2.9 

Sout cas: Skand 'li!VI\ a En~ktldo O!tnken, '979; flrH'It~h Forenrv Assoct· 
ation , 1980. 

Swedish employment In 1978 and 400,000 jobs or 20 per cent 
of the Finnish labor forca in 1977. In 1978 one fihh of 
Sweden's foreign exchange and nearly half of F nland'~ came 
from the expon of forest produc~. Both rountri1 s only spend 
between 2 and 3 per cant of then total tmport burlget on forest 
products, hence rhe verv ravorable balancl! of trade in this sec 
tot provide~ financ ta l resources to pay ~or the ImporTation of 
energy and o ther maumal~. 

Both Sweden and Fin land play an imponant role in world 
forest· product e>~port markets. Th&se countrie$' contr ibution to 
the world forest products trade i$ propo tionately mt1Ch larger 
than their share of world productiol1 (Table 5). Tak.en together, 
the countriP.~ export more than 28 per cent of the world's pulp 
and 29 per cent of its paperboard while they account for only 
12 per cent and 7 per cent respectively of totill world produc· 
tion. Together, Sweder and Fmlond produce 5 per r:e-nt of (he 
world's fiberboard, but Hccount for about 22 per cent of the 
wo rld'$ tracle in this commodity. Plywood production ln both 
countries accounts for less than 2 per Clln l of the worlds total 
but their share is 9 per cent on th~ world export market. Swed-

Table 5. Share in Global Production (GP) and Global Exports 
(GEl of Forest Products -Sweden and Finland, 1978 (%). 

Sweden Finland 

Wood pulp 
Percent GP 7.2 5.1 
Percent GE 20.3 8.0 

Paper and Paperboard 
Percent GP 3.5 3.2 
Percent G E 14.7 14.5 

Fiberboard 
Percenl GP 4.0 1.3 
Percent GE 17.2 4.5 

P1ywoocl 
Percent GP 0.2 1.3 
Percent GE 1., 6.9 

Sawn wood 
Percent GP 3.5 2.4 
Percent GE 10.3 8 .2 

SourcP.· FAO Yl!'arboo~ o1 ForP.H Prodoels , 1980 
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ish and F1nnish lumber m ills produce nea rlv 6 per cent of the 
world sawnwood but account for more t han 18 per cent of the 
world export market. Clearly til ese countries play a key role In 
keep ing the world suppli ~d with forost products. 

FORES T MANAGEMENT PRACTICES IN 
SWEDEN AND FINLAND 

Forest management practices are diligently app lied m 
Sweden and Finland in an anempt to maximize fo rest produc· 
tivity . The objectJvc o f Swedish foresters is to tncrease their 
r.ountry 's nnnual allowable cut by 20 p~r cent by the year 2000 
(Mor ley, 1980 ) Management practices include site preparation 
ror new forest n ands, a heavy reliance on artlticial regeneratron, 
c lean1ng ilnd th inning, fcmltling, tree breeding, and the lntro­
ducuon of exotic trees. In addnlon, extensive a reas of peat l;md 
are drained and the developmenT of rarest · access roads recerve 
h1gh prlority. Many o f t hose practic~s are possible because o f 
the hrqh deman d for a wide v11riety of forest p.roducts and the 
willingness of government to subsidize forest p ractices. 

Site Preparation 

Scandinavian foresters recogni.~:e ihat cut -over forest lands 
w1ll produce a crop more quickly if competing vegeta tion is 
removed and mineral soJI is exposed making more water, nu tri­
ents, and light available for t ree growth. frequent ly, t11e main 
objecuves of site preparation are t o warm the soil and create a 
bP-tter drained m 1crosite. Ovef the past two decades, tech n iques 
and machinery have been developed that prep are the site for 
natural o r direct seeding and p lan t ing by scarifying, d isking, or 
plowing. These means of site preparation are used on nearly 
500,000 acres n Sweden and 250,000 acres in Finland each 
year (Appelroth, 1981 ; Soderstrom, 1981). In Fin land, it is 
estimated that srte p reparation in many cases sh ortens the time 
to the next tree harvest by 5- 15 year~ (Putk isto, 1980 ). 

Three types of site preparation techniq ues and equipment 
used in Sweden and Finland are shown in Figure 2 (see nex t 
page~. The patch scarifier has two oi four, fou r- toot h ripPing 
wheels Wh1ch scalp a patch to m ineral soil and pile t he uptu rned 
sod toward the drivmg direction . The scarifier can be ad justlld 
to change distance between patches.. This type of a machine is 
now being used to a lim1tad extent in interior Alaska. Anoth~r 

machine for site preparation, the d1sk trencher, forms either 
continuous or noncontinuous furro ws depending upon the pre­
sence or absence of stumps or rocks, and d epositS upturned sod 
and slash to the side. These machinos also have multitoothed 
d1sks. A third machme, the scarificat ion plow , produces a c on­
tinuous fu rrow and is used princ ipally on sites rhat are wet and 
~1ave a thick peat layer (Pulkrsto, 1980 ). 

Fonnnrly, site preparation in Sweden and Fin land was done 
using controlled burmng. Re latrvoly little con trolled burnmg is 
done today because of t he high cost of labor (Soderstrom, 
1981) and difticulty in gettmg the right burning co nd itions. ltl 
some places. burned areas produce conditions favorable fo r a 
fungus (Rhizina mflara) which a ttacks young spruce seed lings 
(Morley, 1980). 
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Forest Regeneration Using Seed 

Much of the forest regeneration in Sweden and Finland is 
accomplished through artiflc•al regeneration rather than by 
natu ral seeding. Those fore!>1s that are established by na tural 
means are regene rated mainly by leaving twenty to thirty seed 
trees per acre (Rem rOd, 1980). T he seed-tree method is used 
only with pine and relies on site preparation to p rovide a 
suitable seedbed for germination. Figure 3 shows a tvPical stand 
of seed trees. In Sweden about 40 per cent of tho cul-over lands 
are reganerated 
usmg th is meLhod 
o f natural regen­
eratio n IBergm aM, 
1981, personal 

communication). 
Seed trees ac· 
count t or only 20 
per cent of Fin­
land'~ fo rest re· 
g~neration (Ap-
pelroth, 1981). 

F1gure 3. Setld rreA m11thod of narvr;~l regerUJr 

11tion btlrng 81)(J{iec/ ntlilr Hh/ln"!Js, Swedeo, 
N64 20. 

Direct seeding accounts for a small percentage o f tile 
artific ial regenera tion done 1n Sweden and Finland mainly be­
cause of the lack of seed {Hagmtr, 1981 L At hrgh northern 
lat itudes p ine and spruce 11ave Infrequent good seed years. Both 
countries have established seed orchards Lo produce additional 
q uanti tie s of seed; howevttr, these orchards arc only able to 
supply se-eds for tree nurseries and not the quantities t ha t would 
be needed for widespread d rrect seeding_ 

Recently fo resters m Sweden ha11e begun to experiment 
with two d irec t -seeding methods that reqwre relatiwly small 
amounts of seed. These method~ mvolve using small, light, 
degrad able-p las.tic cones or t-unnel-shaped shelters ro enhance 
germination and the growth o f the young seedhng (Figure 4). 
Four seeds are placed within a cone shelter on mineral soi l 
exposed during site preparation. To obtain results comparable 
with tree planting, about 1,100 cones a re p laced o n each acre 
(Hagner, 1981 1. 

T 
37f.t' 

Figure 4. Plastic th•ltef' ustNJ in dmtcr ueding. 



Ftgur" 2. Sire pruoMarton t echniques <Hl(l m,,chmery. From leh ro nght: Jlutcfr sC!Irdier, d lslt: mmchtN, and iCarificuf•on plow. Slct~tt:hl!~ of th~ wurk 
;oocomnlim«< by each •rs shown tJeiow. Adapt~>d from: t.oggmg R~rear~;ll Foundatlun, 1978. 

PATCH SCARIFICATION 
Upturned Sod 

LONGITUDINAL SECTION 

DISK TRENCHING 

Upturned Sod 

CROSS-SECTION 

PLOWING 
Shoulder 

Furrow 
Upturned Sod 

~~ 
CROSS-SECTION 
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Funnel s.hol­
ters do not re· 
quire mineral soli, 
thus little o r no 
site preparation is 
needE?d. The fun­
nel is inserted ~ 
hout 2 inches in­
to the humus and 
Stx ~eds arl" 
placed w1th1n. 
These s&eds fall 
to the bottom of 
the funnnl where 
there •s adequa e 
moistur13 for ger-
mination and 
gro•·rth . About 
1,200 funnels are 
placed on each 
acre. The devic:l?. 
used t o r insenmg 
th n funnels Into 
the forest floor is 
shown In F1gure 5. 
If this method 
proves successful, 

Fiqut~ 5, Dr:vice mt!d fru irmmmg the fvnnels it could revolu 
mto rne foresr floor. tionize fotest re· 

generation prac­
tices in northern latitudes as it would greatly reduce the need 
for site preparation. Hagn!lr 11981 ~estimates that it could lower 
C\Jrrent artificial regeneratiOn cos ts by half. 

FDren Regeneration 1hrough Planting 

Most ot the artifiCial regeneration done In Sweden a nd Fin­
lane! !s ac:complif>hed by planting. Planung s tock is usually pro· 
duced in large 
tree mnseri~~. In 
Finland alone, 
200 m1llion seed· 
lings are planted 
yearly (Pease, 
1980a). Seedlings 
are t>lanteo In a 
number of d iffer 

""' ways. F1gure 
£; shows a bare­
root seedling ilnd 
the planting tool Frgur~ 6. B~re roor plam af!d tiialliCr 

u~d to place •I in 
the ground. Most tree seedlings planted today are contamerized 
{Figure~ 7 , B, and 9). The most popula1 plant1ng tools arn mat­
tocks n11d planting tubes (Figure 10). An RXporienced planter cnn 
plar1t between 1,300 am1 1,800 seedlingS per 8-hour shift fB.ack· 
strom. 1975) wh1ch on the avo rage woulr! plant from 1.5 to 2 acres. 

Most plant.nq rs done by hand, but steadily rising labor 
costs are mak1ng hand plantmg less economical. Etforts are now 
being made to develop a mechanized planter. Both Swedish and 
Finni ~h engmeers have developed prototypes that have ye t to be 
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used widely. The major t.a.sk IS to develop a planting machine 
that can plant sePdlings an the rocky ~oris of theso countries. A 
fully mechanized 
planter now he1ng 
tested in Fin land 
can plant be­
tween 1,200 and 
3,000 seed lings 
per hour , abo ut 
the same number 
one man can plont 
n a doy (Pease, 
1980a) . 

Cleaning and 

Thinnmg 

Cleaning and 
pre commer c ial 
thinning are car­
rioo ou 1 in young 
conit" ' stands in 
Sweden and Fin· 
land to remove 
the competition 
o1 the faster-gro w· 
ing hardwoods 
and to regulate 
the den~ity ot the 
future pme or 
spruce crop trees. 
These pract•ces. 
which do not 
yield commercial 
forest products, 
encourage more 
rapid grQwth of 
the lrees that re-
main. Forest land 
owners in Swe­
den, a n the ave r­
age, treat approx­
imately 600,000 
acms annllally 1n 

th1s manner (Na­
tional Board of 
Forestry, 1980) . 

P1gun, 7. Sclldling in 11 p;•per container to be 
planrtHJ ,n yrounrl lw u.w af a planrmg tub P.. 
~hO~IT Ill Ftf)llfl! 10. 

F1gur11 B. StWamg 111 J cnm,resse<l peat ~lock to 
b e placed an f!itf)Oserl mmeral sorl. Tt11•n rs na 
nsPd ru (Jrep,Hrt .if hoff' for lilts <eeOing. 

Figure 9. Seer:Jiing rh~tl has l!":r:n grown 1n" (:On· 
ta•nnr mBd' b y combming limeJtOntl wrth ~ vol· 
caflir: rock collfiCJ diab,}J/1. The rl•nJitiJIJI metertol 
lws 1 ver'l tugh pore volurrt~· and tJro vidtrs vood 
suppcfl for roou. S~frng ,. tnen planted lo 
the ground. 

Finnish forest -land owners also uulite these practices e)(tensively. 

Com mercial thinning IS carried out in young forest stands 
when the pine or spruce are about 40·45 feet tall (Remrod, 
1980). Thi!; practice stimulates the growth of the remaining 
trees and also permits the utdilation of trees that would even­
tually rlie and rot. Commercial thinnings take nlace 1rom two or 
thrl!f' times during the life of a given f orest stand. Figure 11 
shows a pine forest that has recei11ed Its final thinning and will 
undergo final harvest in about 20 yean. The numbe-r of t1mes a 
stand is thinned over its life span has been decreasing because of 
high costs . In Sweden, thmnmg in some areas is at best a break-



Figvr~ 10. lnsr:mng a containcfiN~d slUidling m F .'JlUte 11. Scorch pine forest •fret fin.~/ rhm- Figur~ 12. PifliJ·.<~•ed orchard, &lv;", S-den. 
ll plantmg rube. nillg, Photo r.tkPn ne:Jr ffiJI/nils. s .vrxfP.n. 

even proposition (Morely, 1980 ) ApproximatPiy 200,000 acres 
-were thrnnecl n F"nland in 1978 (Appr.lroth, 1980 ). Thinning 
takes place on about 540,000 acres m Sweden annually (Na­
tional Board of Forest1 y , 1980). In F1nlanrl n early 50 per cenr 
of the total wood harvest comes from thinnmg I Nyyssonen . 
1978). while thinning only accounts tor about 20 per cent of 
the total annual wood volume harvested in Sweden (Swedish 
lnst tute, 19791. 

chards !Figure 12j Forests trom these seeds are estimated to be 
20 per cent more> productiVe than forest from natur<:~l reproduc­
tion (Remrod, 1980 ). Finland alone has nearly 7 ,500 acres of 
pine-~ed orch<Jrds. Both countries have rleveloped means to in· 
duce birch to produce ~ced when only 2 years old through con­
trolled condi ion~ in plastic greenhou~e-s (Figure 13). 

Fertilization 

1'1 order to Increase orest productlvi· 
ty, pine and spruce stands are fertilized. 

About 130 lbs. of nitrogen are applied to 
each acre whe11 trees reach about 60-60 
years !R!lmrod. 1980). Applicattons arc 
made every fi . 7 years until sho rtly before 
the trees ore to be harvested. Trr.es pl.lnted 
on drained pearland ar.~ fertil ized w•th 
pho~phmus and potash which lead s to the 
release of grawlh·produr.ing nitrogen 
from the organic marter jRemrod, 1980). 
F"rtiltl ation is regarded as en absolute 
precondition for the current y ield level of 
Swedish fomsts. Any reduction in ferti li­
zaLion will mean less wood harvest (Rem­
r<){J , 1980). About 450,000 01cres in Swe­
den and 250,000 acrr.s in Fwland aro fer­
ttltzed annually . Ferti ltzer is urually ap­
plied by Bircrah. 

Tree Breedmg and Use of Exotic Species 

Tree breedrny IS' practtced o n a targe 
scale rn both coun tries to increase the 
growth ;,nd quality o forests . Ser>d or· 
chards orovtde Sfled 1hat has been pro­
duced from naturally superior trees or 
tree$ dcveloned through special breeding 
programs. In Sweden, 50 per cent of the 
pitH} seed planted co mes from seed o r-

F1gure 1 J . Birr:;, grown 111 plasroc grelmhouse:s 
for ettrly 5l1'lli production. 

F;yure 14. Scou:h plno p/~,Wition on a dro~ined 
Pt!a t111od in Futl;md. 

As early as 1754, rhe g:rtlat Swedi~h 
naturalist Linneus su9gested tntroducting 
fo1eign spectes .nto Sweden to raise the 
tree hne Lodgepole pinll (Pinos contcrta 
Doug!.) was hrst introduced mto Finland 
in 1901 In 1978, 55 milhon lodgepole 
pine seedfmos were plant':!d n Swed~n 
from seeds imported lrom nor .. hern Bnt­
ish ColumWa and Yukon Territory, 

Canada iNyland, 19771. Frnmsh foresters 
are also developing p lantations of thts 
species Lodgtloole pine ha~ a faster 
91 owth rale than he pinr. io Swe<len o!nd 
Fmland particularly on poorer sites. 

Drainage 

Peatlar)d~ an• ne~ng driiinoo and ferti ­
lrzed so that they wi l support productive 
forest growlh. DrainagCl has been 11roc, 
treed In Swefitm for 100 years. In recent 
vears about 74,000 acres have IJecn 
d eined annually lSwedrsh Institute, 
1979}. As of 1978, 12 of l7 million acres 
targated for drainage tn F inland had been 
drainod INyy~sonen. 19781 Currently a 
bout 110,000 acres a I! drained annually 

in Finland (Finnish Forestry Association, 
1980) An examples of a Scotch pine 
plantation nn a drained pearland ln Fin­
lard s shown ln Figure 14 When Finland 

reaches Its target goal of 17 million ac-res 
of droined peatland, the forest land uase 
Will have incmased by 20 per cent 
I Nyyssonen, 1978). 
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fORESTRY LEGISlATION AND PROGRAMS 

Sweden 

There are nat1onal forestry acts in both Sweden and c::m­
•11 d that e~nabl"sh and govern forest practices on both public 
and private land According to the 1979 Forestry Act of 
SweJen, tht! aim ot forest policy Is to manage forest lands "In 
such s wr.y as to provide a permanently high and valuable 
dmber y1eld" (National Board of Forestry, 1979). It also states 
that management "should pay heed lO natu re conservation nd 
other public interests." Tho act calls f o r the immt'diatc estab · 
lishment of new stands on land from which forests have been 
removed and on unused land !e.g. abandonod farmland) . It 
specifies when forests can be clearcut and prohibits cu tting 
w1thout permission n forests difficult to regenerate. Implemen­
tation ot the ac t falls to county forestry boards which are also 
vP.sted w'th the respons biltty of rendenng assistance in planning 
forestry management and operat1ons. Th re are 24 county 
fo eStry boards in Sweden that employ 2300 permanen and 
4600 part- ime employees. 

The fomst y boa ds also administer government su bsidies 
ro the forestry sector. The subsidies concentrate mamly on long­
term m easures and on those areas o1 the country where produc­
tiOn and economic conditions are poorest (National Forestry 
Board, 1979). As can be seen In Table 6, the subs1d1es ant sign' f. 
ie<~nt, ranging from 50 to 90 per cent for most forest practices. 

Forest owners tn Sweden are subject to a silviculture fee. 
This fee is obtamed by assessing a 3 m il tax on thl? fo restry 
value of their property (Natu ral Forestry Board, 1979). The fee 
supports forestry research and development. 

Finland 

Fon.st management in F'nland is guided by the Act ot Pri­
vate Forests and the Forest Improvement Act Wease, 1980b. ). 
These acts are administered by the National Board of Forestry 
which IS 120 years old (Roger, 1980). As in Sweden, there are 
district forestry boards that m omtor fo restry act1v1ties and 
provido tecnnical ass stance. The boards also admin ister govern­
ment subsid ies. Subsidies up to 50 per cent or better exist for 
roao building, thinning, stand cleaning, and drainage (Roget, 
1980). forest stand regeneration Is not subsid1zed by the 
government but by the purchaser who pays a 12 per cent tax on 
the purchase price of the timbP.r (Roget, 1980). 

FORESTRY COOPERATIVES 

No discussion of Swr.dlsh and Finn"sh forestry would be 
complete wit out mention of forestry cooperatives. In Sweden, 
th re ar" six majo r torest-owner associations which together 
control 60 per cent of the p rivate forest land (National Board o f 
Forestry, 1977). The main tasks of these assoctations include 
negotiations w1th industry to determine the market pric • soiling 
and conr actmg for delivery of wood, prov1ding tree felling and 
sifvicultural sarvices to mem~rs, transporting wooci to the 
mill. and training 1n woodlot management (Roget, 1980). The 
six associations contain more than 130,000 small-woodlot 
owners (National I orestry Board, 1980). The associat ions along 
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Table 6. Swedish National Government Grants 
for Fore$t Management, 

Maximum ,.. of Costs 
Covered by Grants 

Forest 
Dev lopmPnt 

Area Other 
Inner Outer Areas of 

Measure Zone a Zoneb Sweden 

Planting of forests 
on abandoned 
farmland 50 50 50 

Regeneration of 
fores1s after cutting 
of th1n stands or 
stands with unsuitable Prl11atc 70 30 30 
tree spec1esc Otners 60 

Complete measures 
for esrablishmg 
of stands 50 30 0 

Neglected cleaning Pnvate 70 30 0 
Others 60 

Thinning of stanas 
with low timber Deiic-'t from 
content or small sizes cutting 0 

Dra1n1ng of forests Private 70 50 50 
and wetle~nds Others 60 

Supplementary 
plantjng after damage 
by rabbits o r First 70 70 0 
field mice Second 90 90 0 

Mass Invasion by insects 75 From case to case 

Construction, rebuilding 
and maJor improvement 
wo rk on forest roads 75 60 60 

Forest management plans 
fo t private properties About 50 

8 T I1 nner zone nclude$ coauar areas of nor I~ em Swedet'l arld those 
•re~s of higher l'levaro ot'l in the cl!ntf I nonhern pntt o f 1 he country . 

b ThP OUier 10nt: includes all of souths n Swedt!n <llld I hi! cen1ral coastal 
are:~. 

c Any deiocot I rom cutttng •s ~ululd o zact. 

Source: Natoon111 Forestry Board t979. 

wit11 government subsidies make it possible for such landowners 
to manage their woodlots economical ly. 

Cooperatives are also an Important part In the forest econ­
omy of Finland. The Forcsty CounCil of the C~ntral Union of 
Agricultural Producers reprfl..ents 382 local 'orestry a~sociations 
comprised of 172,000 lanoowners (Roget, 1980). The Council's 
operations include; timber business guidunce, helping shape 
forest policy legis lation and guiding the acttvrt es of the forestry 
associanons. Anot her group of poroximately 170,000 land· 
owners belong to the Melsalutto Group whose mo~in lunct on is 
to market and process the wood produced by its member's 
oi ther th rough ttmb~r tradmg or through its ow• manufacturing 
plants (Metsaliitto Group 1980) 



ENHANCING THE POTENTIAL FOR FORESTRY 
IN INTERIOR ALASKA 

There are some aspects of forestry practices ·n Sweden and 
Finland that could lead to a more S\J~tantial forest indus try in 
intf'rior Alaska. Several approaches toward improving mterior 
Alaska's forestry capabil ity arc as follows: 

Estabiish1 ng a stable forest -land base. 
lnlli1lting more in tensive forest· management practices. 
Developmg a reforestation prograM. 
Expand np an information and education program for 
private fore~t land owners and other citizens. 

E:nabll5hln!J a Stable Fornst ·Land Ba.se 

h order to guarantee a susuined yield of forest products, a 
lantl base has to be dedicated for th is purpose. This land must 
not only have the capability tor growing trees but It$ use for 
.crest-management purposes must be guaranteed for a long 
period of lime. Inves tments of I<Jbor and capital for such 
practices as planting, cleaning, and thinn ing will not be fortl1-
coming if 1t IS percmved that, during lhe hfe of the tree crop, 
the land will be put to another use. As was aiscussed earlier, 
Sweden :tnd Finland h<Jve stabl(l land bases for f orestry throug\ 
dedtca ted pubhc forest land and through laws that require prl· 
vate forest lands to 'Je managed. 

Interior Alaska does not have a fo rest land base dedicated 
to iorcst production. Much at the product ive forest land in 
inter or Alaska where t imber harvestmg is not already precluded 
or limited is in state o r pr.vate ownersh ip. Some of thl! stat~ 
lands that l1ave product ive forest h;wn been c lnssified as "fore~a 
land" or ' 'resource management land" (State of Alaska, 1978). 
However, these clas~i f1catJons have not guaranteed their being 
Jl!tamed for wood prodyctlon or their recei~ mg adequate torast 
rnanagEII'Tli!!H (State of Alaska, Board of Forestry , 198 1 ). 

The estahli~hment of multiple -use state forests would go 
a long way toward alleyiating these problems, particu larly if 
·hest! forests are pu t under the control of a diViliion of forestry, 
The state of Alaska Board of Forestry (1981). recognizmg the 
need for lands committed to fo restry, hils recommended that as 
many a~ 7.7 mil lion acres throughout the state be dedicated as 
~tate forest resour~ m;magement areas. Until th is is done, 
particularly in interior Alaska, the forest industry wlll not be 
able to count on a sustained supply Of r~w material. 

Much uncertainty ~xists concernfng the role private lands 
will play in the dcvelopmen 1 of a fo(est Industry in interior 
Alaska. Most of these lands will be owned by Native village and 
regional corporauons as a result of the Alaska Native Claims 
Settlement Act I 1971 ). The majority ot t he corporations 1n 
interior Alaska have not yet had time to assess the extent of 
their forest resources and or to formulate policies concerning 
t"~o ir ut11i:zation. Furthermore much of the Nat.Jve- owned ~orest 
land rs in relatwely maccessrbl!! parts of interior Alaska. 

The lmmt>cfiate task ahead for NaliVe · corporat ions is 
to determine the quantity and quality of thei r lorest resources 
and lhelr productive capability. If the goal of a particular cor· 
por[Jtlor. is to uHJize the forest resource to the greatest extent 
possiblr., then additional in formation wi ll be needed to assess 
market condltlo11s for fores l products and develop forest · 
management plans. Native forest land owneri as well as othe r 
landholders will need to become aware of the assistance avail-

able +rom state and Fed!"ral governmen t agenc1es to help them 
plan for the managemen· of their forest lands whether It be for 
forest products or othe1 uses. 

Initiating More Jnten.srve Forest Management Practices 
To Enhance Product ivity 

Intensive fo restry really begon m Sweden and rinland when 
market conditions for forest products were sue tha1 1t wa~ 
possible to util ize small as wel l as large wood products from 
forest lands (Remrod. 1980) In t11ese countries, th.- economics 
of forest management gredlly 1mpro'.'ed with the advent of t he 
pulp, paper, and par1iCIP- board mdustry which could utilize 
material f rom thinnlngs and res1dual m1mnal from loggmg oper· 
ations. Although thete is. no such Industry In intenor Alaska, the 
rapi d!'~ expandin!l fuelwood demand (Gasbarro and Fox, 1980) 
has p resented an opportunity to lmt1ate on state land intensive 
forest· management practicD'S such as th inning young stands and 
salvaging decaying b irch and aspen from old growth -spruce 
stands (Richmond, 198 1). 

In some cases, individu<>l fuelwood us.ars are pormltted for a 
small foe to do the salvagmg or thinning m specially marked 
stands. In other cas~s commercial woodcutters hal/e been 
contrac ted with lo cut and p1l!! the wood tn the Forest for the 
individual user who then pays a higher fee for tne wood than if 
he had cut It himself. The revenues from these typiJ of fuelwood 
sales in many cases wt ll not entirely cover t..he costs of preparing 
and contracting the sal~. ~o the state ends up pro11iding a small 
subs idy tor each cord cut. Contmuation of thls intensive man · 
agement howeve', will lead to Improved rates ot tn:ll growth. 

Another way to increase 1he for!!st productJv1ty in mteriar 
Alaska is to clean and thm forest stands which are too small to 
provide a commercial product but which are old enough tn 
benefiT tram the removal of c.ompetmg vegetatron. Pe:maps an 
"Alaska Forest ry Corps'' could be established and financed >Y 
state oil revenues. Comprised ot young adults ;rnd itatfed llV 
profes~ional land managers, such a corps would undertake. not 
only practices to Increase forest product'vity, but also projects 
to 1mprovll wildltfe habitat. develop trails, and control erosion. 
The experience 9<1ined through work s.uch as this would be in· 
valuable to the youth of the state ot Alaska. 

Developing a Reforestation Program 

A problem cornmon to the forests of high-latitude coun 
tr ies is the difficulty tn gEtttlng stands of conifers established 
afltl r cutting. This is dull o the lnhttquency of good seed years 
and the poor seedbed condi ions creall'd by t..he ~ eavy o rganic 
mat of the fomsl lloor. Vile have ~en that Swedan and Finland 
address th is problem •hrough sitn preparation coupled with 
dlrt~ct seedlng ond planling. Alaska needs. to dirf!ct more effort 
toward ItS reforestatiol" problem. It is estimated that 'there arc 
14,000 acres of previously harveSted land in state ownership 
that are 1n need of reforestation Tht~ State Board of Forestry 
( 1981} has estimated that 11 would cost $2 million ro accom­
plish this task. Manpower for such a project <"ould also come 
from the suggested forestrv corps. A successful reforestation 
program would also dpoend upon expanding the sti!u's forest 
nursery and undertaking a extended program of seed collection . 
Money fo r fi nancing reforestallon could come from a fund 
created with revenues from timber saiP. receipts. 
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Forestry re~arch organizations of the University of Alaska 
and the U. S. Forest Service should immediately begir research 
on the fea!>•billty of using the liqht, degradable- plastic, funnel 
sh10t1d seed <;he I ters that arP. now being tested in Sweden I f 
thi'S( prove to be s;uccassful in Alaska. 1t cou ld Significantly re­
du~ forest-managem!!nt casu. Further rosearc:h ·,.also needed 
to eviiluate fully t hfl lJ$1! of "tree species tllilt are not native to 
mterlor Alaskll, such as lodgepole pine A program to test the 
practicality of establishing seed orchards of high -quahtv native 
conifers and hardwoods would also be riesirable. 

Expanding an Information and Education Program 
For Private Foren Land Owners and Other Citizen.s 

State-supported foms:try ex tension programs through for· 
P.stry boards and th'l advice provided to members by private 
cooperatives are 1rnportant parts of a nateonwide E!tfo rt in both 
Sweden and Finland to keep wood products tlowing from pn· 
vate holdings. n~e state of Alasb should expand the cur(ent 
forestry extension program 111 Interior Alaska so as to create 
more ot an awarene~;s of forestry opportunitie~ . An extension 
forestry program should make private landowners aware of 

forest-management practJce> essential to sustamcd y1elri fores­
try . Such a program would pro11ide information concern ng th!! 
potential p roductivity and value ot forested lands, oppolturmies 
for specific managemen1 mvestments '" timhe. production, 
value~ and markets of timber products, and mul tiplc·use forest · 
land management. Local wood processors a nd Nat1ve corpora­
tion land owners should be provided w1th information about 
new t•mber harvestmg and production methods, lumber drying, 
and storage and wood·prm:essmg techniques (Extension Com­
mittee on Organi7ation and Pollry, 19761. 

One o f the major diffArences bf>tween the countries ot 
Sweden and Finland and ntf!ftor Alaska s the hck o f markets 
in the latter. A strong lorestry extension program should bll 
aimed at alleviating thl$ situation by encouraging an !!fficienL 
local fo rest industry that wil l produce its wood CCJnstruCtlon 
materials con'lpetit'o'e in price and quality w1th materia ls current· 
ly lle1ng Imported. Extension programs should also aim at 
making small, remoti! villages self ·sutticient in wood energy , 
small-dimension lumber, and houselogs. 
fdltor':; Nott!: Th is urf1CIII i1 based, in Qart. on the author's vi~it in the 
summttr of 1980 to Sweeten ·lnd J:in l;md tn c:.onjunc rlon WHh tltrJ !Wcond 
l nmmational Workshop on Forest Regem:r,ltton ;,ponsored bV the 
Swedi~h Un ivtHTifY o f AgriciJiturlll Sci11nces FiiCulty at ForP.sUy. 
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Does it Work? 

A Cultured Biological Product Provides 
No Beneficial Effects on Barley or Bromegrass 

by 

Winston M. Laughl in, • Glen n R. Smrth, • • a11d Mary Ann Peters.- • 

ABSTRACT 

Agris~on, a soil additive, was te~tod 
in rephc.ated f ield experiments with 
barley anti bromr.grass tn the Matanuska 
Valley uuling the 1980 sea$on. The three 
eleperimen tal treatments were as follows: 
no n1t1ogen (Nl N Cit recommended rate, 
and Agrt,pon. 

Barley yield , bushel test weight, and 
straw-to-grain rat1os were not influenced 
s1gnificantly hy Agrispon application 
Ni ogen ap~o~licatlon incrras.ed both straw 
and grain yields, but had no significant 
effect on bushel we1ght or the s traw to­
gr;un ratio. 

Bromegrass forage yield, N03 ·N, 
total N, phosphorus (P), potassium jK), 
colclum (Cal, magnesium (Mgl. and sulfur 
(S) concentrations in bromegrass hurbo!}e 
and N, P, K, Ca, Mg, and S uptake hy 
both cuttings were not influenced signifi­
cantly by Agrispon appHcation. 1\11trogon 
application increasetl oven-dry y1eld , 
N03 -N, and to1al N r:oncentration of 
both cuttings, and the N, P, K, Ca. Mg, 
nnd S uptake by bromeurass in bo th 
cut1ings. Nitrogen application also in­
creased P and S concenrrations i1 the 
herbage o! the first cutting. However, N 
application lovvered tne concentration o f 
Mg in the> first cuning, S in the ~econd 
culling, and K and Cain both wrongs. 

INTRODUCTION 

Durmg the winte r of 1979 and 1980 
th~ p roduct Agrispon was b rought to our 
attention as a "cultured biological pro· 
duct" marketed to improve the so1l and 
to supply N biologically for crop pro-

Resear&h So11 ScJont i•t. A RS, USOA, Agri­
cullunJ fiesearch Cantor. Palmar. 

- · labor.tiOfY Ttchmcian, Alaska Agriwltullll 
Re511arch Centar, Palmar. 

•• "8ooiCJiic:al Tech n ician, AftS, USOA, Agrl-
~;4,iltural R111tarc:h Canur, Palmar. 

duction. Promotional pamphlets infer 
that: when Agrispon Is used, no nitrogen 
nct!d be applied. Tne name Agrispon is a 
trademark of Sn Corporation, Inc. o1 
Dallas, Tex as. ThP p roduct was developed 
in Texas and has been pro moted in the 
western Un1ted St01tes by Kounty Mar­
hting In ternational o f B1g Sandy, Texa<;. 
A Washington distributor, Rare Soil CarP. 
of Colfa", Washington, advertises it as a 
"revolutio nary new process to obtain 
nitrogen ior all crops ." 

Following directions on the con­
tainl!r and in the advertising, we evaluated 
Agrispon on Weal barley and bro megrass 
ln 1980 in order to determine 1fS effect 
on nunition and yields. 

EXPERIMENTAL PROCEDURE 

Badey 

A uniform a rea of Kn 1k silt loam 
(Typic Cry orthtHH) on the Matanuska 
Research Farm near Palmer was chosen 
for a completely randomized block 
experiment (p lots 6 by I 5 feen with 
eight replications. An a1ea was chosen for 
the sludy which had grown barley and 
oats fo r fo rage in 1979 . I [was rotot illed, 
fertilized , and planted April 28, 1980. All 
plots received .a uniform application of 40 
pounds of P~ 0 ! per acre as trip le super­
phosphate and 40 pounds of K2 0 per 
acre as sulfate oi potash i 1 he.se were raked 
into the soil prior to planting. The three 
e-xperi men tal treatments were as fo llows: 
no N, 25 lb N per acre as ammo n1um 
nitra te, and 1 m l Agrispon per plot per 
application (a rate of .1 gallon per acrel. 
T he requ ired amoun l of Agrispon was 
removed from the freshly shaken boule 
and added to one gallon of water 1n a 
sprinkling can. The contenn were stirred 
vigo rously ond then applied unifonnly to 
the ap p1 opriate p lo t s on the freshly 
rototllled ground. Plots that received no 

Agrispon receivet:i the s.amc quanritv of 
wamr t o prov1de U11itorm water addition 
to all p lots. Followmg application of 
fertil izer ant! Agri:.pon, Weal barley was 
plan Jed 1n drilled rows ono foot apart 
With a Qdrden seeder 

Weeds were removed by hand unt1l 
barley Qrowlh was sutf•cicnt to retard 
the1r development. On August 25, four 
1 0 foot row5 of harley wure cut with a 
11and sickle from the center of each p lot, 
leaving a 2-lnch stubble. Harvr.sted 
material was p ieced In a c loth sack. dried 
;n the greenhouse for several weeks, 
and thon t 1reshed arter wh 'ch straw and 
gram {elds and grain est we1ghts wnre 
detl!nrnined. 

Bromegrass 

A uniform B·yeor-uld Hand at 
brCJmeqrass on Bodunburg s.ilt loam 
nyp1c Cryorthentl 3 miles south of 
Palmer was selected for a completely 
1andorn 1zed block experiment with eight 
repllcatrons. All plot'3 (6 by 15 feet) were 
top-dressed on April 17 with 100 pounds 
per acre of P2 0 5 and K2 0 as tnple 
superpnosphate and sulta e oi powsh. 
The three treatments were as follows: no 
N, 120 lb N Apnl 17, 100 lb N immedi­
ately ollowing tha firs cutting as ammo­
mum nitrate, and Agrispon April 17 and 
immediat~ly followtng the first cutting { 1 
ml per p lot ocr application! The Agri­
spon wa~ applied umformly o ver the 
appropriate p lots as described for d1e 
barley. On May 30. each p lot was evalu­
ated visually and rated nwmencolly as to 
9eneral grass health as lndicawd by 
!oa~ness, height, and color. On June> 24 
and again on ALgtJ5t 22, foragH trom all 
plots was ha vestrd With ll small sickle 
mower, l!!avlng 1 2 inc:h stubble. Green 
anrJ dry we1ght.> were r~orded and a 
re.pmserHative sample from each plot was 
ground to pass a 40·mcsh screen. 
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Plant rissue was analyzed as follows: 
N and P simultaneously, using a Tach­
nicon Autoanalyzer (TIS, 19761; N0 3 N 
with tho n·trate electrode (Smith, 1975); 
K, Ga, and Mg, using an a tomic absorp­
tion spectrophotometer following a sul­
furic·selenous acid digestion (TIS, 1976); 
and S wnh an automatiC sulfur titrator 
(Tiedemann and Andarson, 1971). 

RESULTS 

Barley 

Yield. bushel test woight and straw­
to-grain ratios were not influenced 
signific:anrlv by Agri~poo apphcation 
(Tablo 1 ). Nitrogen application increased 
bolfl straw and gra10 yinlds, but had no 
s1gn•t•cant eff!lc t on bushel weight or the 
straw· to· grain ratio. Plots receiving no fiJ 
or Agrispon did not stool out as much as 
those receiving N. 

Bromegruu 

Fora~ yield, N01 ·N, total N. P, 1<, 
Ca, Mg, and S concentrations In brome 
grass herboge and N. P, K, Ca, Mq, and S 
uptake l>Y both cuttil'lgs were not In-

fluenced significantly by Agrispon appli 
cation (Tables 2, 3, and 41. Nitrogen 
Jpphcatlon increased oven dry yield, 
N03 -N and total N concentrations o 
both cuttaniJS, anrJ the N, P, K. Ca. Mg, 
and s uptake by bromegr~ in uolh 
cuttings. Nitrogen application also in­
creased P and S C(')ncentratlom in the 
first ·cutnng herbage. However, N appli­
catioll lowered tho concentration~ of Mg 
in the fin;t cutting, S 10 rile second 
cuttmg, <~nd K and Ca in both collings. 
The rcducuon in the various nutrient 
concentrations is readily explained by 
Jllution resulting from the greatly in· 
cma!ied yields. 

DISCUSSION 

Vance l1978). reporting on a green­
house study, found so il treated with 
Agrispon produced green bean, radish , 
btacl< -eye pea, <md tomato plants which 
grew as well as those receivmg a 10 -20-
10 fertilizer at 105 lb per acre. A com­
bination of N fertilizer plus Agrispon 
produced results no better than e1ther 
Agrispon o r ferti lizer alone Our work 
with lenucC! and other crops has shown 
that much lar~r quanttt•es of fert1l1 zer 
are requtred in the greenhouse than in the 
ffeld to secure cqucll p lant performance. 
Thus, Vance's lack of respo nsE to ferti­
lizer com pared to Agrispon may have 
resulted from the relatively low fert•ll :ta­
tJon rate used in his study. 

Anrlspon 1s a living culture or mt· 
croorganisms that includes fungi, algae. 
and associated bacteria. A letter we 
receiYed January 31 . 1980, from Or. D. 
F. Bezd1cek, Soli Micro biologist, Agron­
omy and Soil~ Department, Washington 
State Univf!rsi ty, Pullmam, Washingto n 
says; 'i'Ve have a bacterial count o n the 
product you mentioned {Agrispon) and 
found less than 10,000 organisms per ml 
of undiluted product. At rhe recom­
mended rate of application, rhe number 
of organisms added to the soil would be 
minimal.'' In contrast, agricultural solls 
contain in excess or 10,000 algae, 

100,000,000 bacteria, and 20,000 fungi 
per gram of so il without microbial 
inncculatlon (Alexander, 1961) . 

Our results Imply that Agrispon 
should be categorized with several other 
s01l additives and foliar sprays which have 
appeared on th[l market ln recent year~ 
and whose advertised claims frequently 
exceed product performance. Since most 
of these products do not contain enough 
N, P, and K to be sold as fertilizer, they 
are marketed as "nutrient- release 
agonts," "soal conditioners/ ' and "soi I 
amendments." Most of these products 
are recomm~nded to be appl1ed to the 
~o1l d imctly or used as a fohar spray, and 
their recommended use is at low appl i· 
cation rates comparee to fertilizer. The 
reasons for the claimed res.ul-s are either 
unknown or a "trade secret," and ac­
companying testimonials are trecauently 
based on one vear's use in nonrepllcated 
trial~. Such products will no t harm a 
crop, but replicated field expenments 
seldom show any beneficial effects. 

CONCLUSIONS 

The result!> of thttse two experiments 
showed no responsg by barley or brome­
grass lo Agrispon appl icauons. They did 
demonstrate that both barley ~md brome­
grass respond well to N application 

Table 1. Effoet of Agrispon and Nitrogen on Barley Yield, Te.5t Weight, 
and Straw-to-Grain ~atim ifl 1980 (Msani of 8 Measuremenul. 

Straw Grnin Total Tesr We•ght Straw/Grain 
Treatment fT/a) IT/al (T/a) (lblbu) ratio 

NoN 
N 
Agnspon 
c.v. (%) 2 

0.80b1 

1.21a 
0.75b 

15.3 

0.66b 
0.98& 
0.6Gb 
14 .5 

1.46b 
2.19a 
1.41b 
14.8 

38.6a 
38.2B 
38.6a 
2.6 

1 22a 
1.24a 
1.l5a 
6.7 

1 Column Yi!llui!s lollowed by the ~mt letter are not slgn1f1can t ly d •lfe.rent el t11~ 5'll lu\lel, usmg 
Duncan' s Mul11plc Ran1 Te,;t. 

1 Coeff ci .nt ol 11arlahon !C.V .J indicate-s the d s~r~•On o f ttw il"'divodunl v.ilue' ~round thR meen. 
The largt>r th v:~luo, the greater the varilnion withio :he e )(perlmen t. 

Table 2. Effect o f Agrispon and Nhrogen on Bromegrau Vi~ual Rating, Yield, N03 ·N and Total N Concennation in Herbage 
and Total N Uptake ill 1980 (Means of 8 Mna~urernenuL 

Oven-dry Yield IT /a) _!:!QJ N (%L Total N 1%1 N Uptake {lb/al 

Treatment V1sual Rating1 1st 2nd Total 1 ~~ 2nd · 1st 2nd I st 7nd Total 

NoN 0.9b2 0.77b 0.27b 1.04b .0 13b .024b 1.3Sb 1.80b 20.8a 9.8b 30.6b 
N J.Oa 3.02a 2.26a 5.28a .035a .054a 1.69a 2.27a 102. 1a 101.8a 203.9a 
Agrispon l .Ob 0.74b 0.26b 1.00b .014b .022b 1.34b L81b 19.8b 9.4b 29.2b 
C. V. (%11 18.0 16.2 12.8 , 3. 1 43.5 39.3 9.4 7.7 15.3 15.2 9.5 
1 0 Very poo<; 1 Poor: 2 Good; 3 Vrnv good. 
1Colun 111 valuM 'ollowed by rhe 5~~me INttr are not slgn'flcantl y d ifferent at the 5~ levll , u~ing Dunco.n s Multipl RangP. T t. 
J CO< toc11mt ot var at! on (C.V lmdi~ates th,. d!U>er sla n of rha individu1l v01lucs around the mean. Tho largeT the value the greate1 the vor ii!tion witllin 

the e:.per~mnnt 
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EdHor's Nrne: Coo()l:'nJ.tiv• hwestigatwll of 
Scierlr:!l .1nd Educvrlon Admmi~tra1io11, Agrocul 
turOJI Res.e.Jrf':h. IJ. S. D .. p.1rrmrmt or Agricui­
IIJfP.' ~nd tht' Umv11t••l~ of Alw/m Agnculrural 
E111)6rtment St.;rtlan. To simpllfv termmolof1Y. 
rtu1 l f<Jdt' rl/ime af 1h~ pradu 1 (Agr~60art) is 
uSHd In rhis report Th• u s& (I{ th is rtamt> is in 
t"nd«i (Qr rhe t4hU11'r 's bent!fit Jtnd Implies 
nttJthl.'t endorsf!mf'nr 110 1 r:roticism of this or of 
other or(Jdur.rs n o r mt>tltmned. 

Table 3. Effects of Agmpon and Nitrogen on Co"centrations of P, K, ca. Mg. and S 
In Two Cuttings of Bromegrast Forage in 1980 (Means of 8 Metiurements). 

p (%) - -~~ Ca (%) _M~ _ S(J§L_ 

Treatment 1st 2nd 1st 2nd ht 2nd 1st 2nd 1st 2nd 

NoN .26b1 .36a 1.87a 2.3a .3211 44a .13a 16a .15b .19ab 
N .2Ba .36a 1.73b 1.5b .22b .34b 10Lo _ 16a .20a .18b 
Agrispon .2Gb 37a 1.90a 2.4a 30a 44a .12a .15a .15b .20a 
c.v. (%)2 l:l.2 7.3 4.7 6.0 8.7 7.8 10. 1 10.6 8.2 5.8 
1 Column values followed by th e same letter 81'e not slonifianttv d iller11 rll a~ thf. 5% level, using 

Duncan' s Mulrlplo Range Test. 
3 Cttelficle nl of ·.•nrl.ttoan IC.V.l lndical~J the dispi!HIO" of rhe lndovidueJ valvu ;uourld the mean. 
Th~< lr.rger tho v~luo, the greater tile llilfil~UO" Within the e xp••mne•u. 

Table 4. Efferu of Aqrispon and Nitrogen on P, K, Ca, Mg, and S Uptake 
by Brome Grass in Two Cuttings 1980 (Means of 8 Measurements), 

P (lb/a) K (lb/a) Ca !lbla) Mg (lb/al sOb/a) - ---
Treatment 1st 2nd 1st 2nd 1st 2nd lst 2nd 1st 2nd 

NoN 3.89b1 1.94-b 28.9b 12.8b 4.95b 2 3Bb 2.06b 0.82b 2.30b 1.05b 
N 17. 19 ... 16.10a 1 04.6a 65.9a 13.36a 15.16.a 6.31a 7.40a 12..1 Oa 8.13a 
Agrispon 3.89b 1.91b 27.9b 12,.,b 4.51b 2 27b 1.85b 0.7Bb 2.Hib 1.02b 
C.V , ~%)2 19.9 11.0 16.3 18.2 11.7 18.1 11.3 21.6 16.1 13.4 
1 Colu 'l'ln values followed PY 1ht1 ~me lettl!• are not s1g11ohcan ly d!lleretiT 51 the 5% lewl u5tnll 
, Ounc:;m's Multip ll! Ran!)e Test. 
• Coelficien• of vandlion ~C.V . I indic:a es thr- drlpersoon of na indlvo(iual values a round 1he msiln. 

The larger t he volu • t~e greater the varilllion with1ro tho oxrtmmant. 

Axrohorealzs January/1982 27 



Barley Whole-Wheat Quick Bread 
A Potential Use for Alaska Grains 

By 

Ru lhann B. S·.vanson • and Mar1orie P. Penf1eld. • 

INTRODUCTION 

Expansion of grain production In Alaska 1s co~t1nuino as 
new acl"'!age i~ made ava ilable fo r crop production (Polloc k, 
1981) and esults ~rom locally conducted variety tral5 of cereal 
crops are campdP-~d Barley is the best suited grain for produc­
tion In Alaska (Wooding and Mdleath, 1979}. It grows well in 
tool chmat<>s, resoondmn better than wheat or oats to me short 
t1rowing ~easons, a> evldencll(l hy the successful production of 
baric~ In other areas ot ~e c· rcumpolar region (T-,ylor, 1974) 

I ' twneral, barley a~ J foodstuff has heen overlooked In thf! 
United States where less than 6% of tnA barley produCAd in thP. 
ear'y 1970s was sed in soups, dressing. baby foods, a~d hreak­
$ast cereals (McCuistion, 1973). tn countries where barley is n­
clucled in the diet, hultess varieties rather tl1 an the hu lled vane­
tieS produced for the maltsters and animal-feed producers are 
used. The digestibility of the hulless varieties is 94~. wl ile the 
hulled varieties are 83% d1gestlble. The grain has been found to 
be an excallem source of thiamm (6.5,u/g). mcotm c actd (1 15 
IJigJ. 1 iboflav1n ( 1.2J,J/g) pantothenic acid (4.4 1p/g}, pyndoxin 
(11.5~/g) and cholinf' ( 1100 p /g). In ana•Uon, fol ic acid (0.65 
IJ/g) and tocopherols (32-501J/gl are p resent (Pomerant, 1973) 
The hulls of the covered varieties are low in nutnents (Whit~ 
house, 1979). ThP proportion of the hull decreases as tho lati­
tudes at which the grain ·s grown nears the Arctic Circle (Pomer­
anz, 1973). The long photopenod in the arct ic and subarctic re· 
g1ons facilitates increased uptake of soil nitrogen by the plan1, 
resultmg 1n o high-protein, low-st<Jrch barley. The prote·n con­
tent of Alaskan barleys grown at Fairbanks ave rages 1 7.3%, 
whi e the Un1Led States average is 12% (Wood ing and Husby, 
1980) 

Usually lysine and methionine are limiting amino acids of 
barley (Whitehouse, 1970), however nc.v high-lysine vaneties 
have been developed (PrentJce ct al., 1979). In add1bon, the 
melhionrne content of Alaskan barleys is s ignificantly mcreased 
(Wooding and Husby, 1980) Many artificial mutants o f barley 
have been deve lo ped, but no complete nutrient analyses have 
been co,ducted. Other constituents inc luding starch have been 
ahe ed, makrng availablq high-amylose and amylopectin varieties. 
The lipid content is approximately ~qual to that of wheat and 
the insoluble carbohydrate IS found mainly in the hull (Wh te-

• Formarlv, GrBCiuete Assistant , Department of Nutrition and FOOd 
Sel•net~, College of Home Eeonomic:s, The Univer~•IV of Tennessee 
Knohllht 3791 6. Current Mfdnm: F11rbianks, Ale5:ke. ' 

• • Assoel•te Professor, Depanm~mt of Nutrit ion •nd Food Sciences. Col­
leg! of_ HorM Economu:a e nd Agricultural E111pW1rnent Stetlon, The 
UntYentty of Ttnneuee, Kno~evllle, TN 37916. 
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house, 1970) . The hulless varieties are recommended ior tluman 
consumption (Whnehou~£ 1970). althougt> hulled va11e es are 
suitable if the hull~ are removed or are finely milled IPrentice et 
al. 1979) 

Tibet Hulless, a naked i.Jarley in troduced to Alaska in 1945 
from Tibet, has adapted well to the Alaskan cltm1tl>.. Usf!d for 
human food in the Himalayan region of Asia. flbta Hull s<: ma­
ures in areas of Alaska where even the earliest-maturing varie­

tif!s of wheat cannot be successfully grown. Thus, Tibet Hulless 
may be SUitable for productiur'l not only on a large-scafl'l opera­
tion, b ut by bush ,-,.sldents engaged in subsistence farming as 
well !Wooding and McBeath. 19791. Woodrng and Husby f 19801 
report a pro toin co.-,tent of 8.2 1:1 for Tibet Hullcss 1eld tested 
at Fa1rbanks. Marketing of barley for human consumntion, as 
wt.li.Js fo r animal feed, ·s bemg con)iderecJ {LewiS, 19811, wh1rh 
would make availalle J gram produced m the ... tate that has a 
positive nutritional Image (Moore, 1980). 

Many different cereals, includrng barley, hav'! been !lrown 
fo r centuries; and i.Jreads have become a staple '" the rf f! • 

BariP.y flour has been used rn both quick and yeast breads. 
Qu .ck breads are those breads that are leavened by a chen 1cal 
leavening agent such as baking powder. The leavening action 
occurs due fo he product•on of CO: . These breads range from 
pourable batters such as 1-)apovers and muf 1ns to soft-dough 
products such as b 'scuits. Quick breads nre usually baKed •mma-­
d-ately after mtxing. Yeast breads. however, rr quire ferm nta­
tio' by the yeast to prod! c . thl' col nec~ss~ y lo r leavenmg. 
The product on o f COl results 1n rhe lnCtt!i15e In volume that 
occurs dur ng the " ·sing" or termcntation perrod. Yeast breads 
are usually p repared from an elastic dough that must be knead­
ed and shaped prior to baking. Howe•Jcr, an nlternale prepara· 
tion method allows yeast breads to be made from a bartet 
simi lar to quick breads. Batter yeast breads must also be allowed 
to rise JUSt as are the yeast broads prepared by the conventional 
method. Not only do tht. chl!<ractl'ristics of the rwo types of 
bread d1ffer, !Ju t the prepa at ion time reqUired for yeast breads 
is much longer than that needed for quick breads. 

The use of barley flour in breads ha1 decreased as ~heat 
p roduc l<'>r has Increased 1 1 the western world (Pomeranz, 
1973). Thus, little research has been directed toward !he com­
ponents o f barley in relation to t,e bread·maklng process. 
Landenbergel and Morse ( 191 8) concluded that although 
gluten, the protein responsible for structural support in leavened 
baked products, may have some e feet on the characterist·cs of 
the bread, gluten composition '" barley does not differ appre­
ciably from that of wheat Cunmngham and others 11955) 
found the VIscoelastic proP"r•u!s of barley breads to oe relatl!d 



to rhe gluten properti~s. Barley !]Iuten is firm 1nd inelastic, 
darken ng rapidly to o brown shade, whilr. wiH~at gluten is elastic 
and cohe1ave. Thll wate r -ah~orbmg cdpacity of glu ten is lower 
tor barley than for wheat. Gluten also is respo nsible tor t he fne, 
regular c rumb structure characte ristic of l eav~med bread . Hart 
and coworkers ( i 970' nroduoed a barley yeast bread with good 
tP.xture by addrng qum~ to lhe batter . 

The gluten str uctu re of quick breads is wuaker t 1an that 
o f yeast breads. Th is weakness m;~y be attributed to he '"' 
creasad ' iq>Jid and sugar. and t he decreased mampulation of the 
batter as well as tha incorporation of tess rl our Into tne m lxturL. 
Wh "le Tibel Hulless barley grown in Alaska is known to have a 
higher protein coment (Woorting and Husby, 1980) and, thus, a 
r>os.sible i ncreas~> rn gluten content, the characteristics of barley 
ulut••n are not conrluclve to good structural support in yeast 
bread~ ~ince thP.Y are firm an<.l rnelastic (Cunningham et aL, 
19551. 

Starch, as well as q!uten, has an important function In 
breadmakmg. During baking, starch granules lmb100 water and 
swell. This process is caller qslatrniz:at ion. 7hus, sornr of tlce 
cha acteristics of the bread are depend!ln1 upon fhe starch 

tilrzed ir the hread·ma mg process.. 1-toseney '3! al. (1971 ) re­
porteo hilt barley s arch gela tntzes at tf!mper-J tu res slightly 
abov!' those for wheat starch and produces loave> wi th volume 
ne<Jrly eQual to that of wheat · stare 1 loaves. Sollars and Ruben 
thiihr ~ 1971) round hat both barley sta rch and wheat starch 
produce oxperlmP.nta l cookies and cak&s of acceptable qunlity. 

Unlike yeast breads, which are dppendent uoon gluten for 
a structural network, the •tructure of quick breads hke that of 
cakes and cookies relies on gelarmization of the starch d rrng 
the baking p rocess anrl the as5lstanc~ of the p ·otein in egg. Dur­
ing baking, the volume increases until the st,uch is ~lat'n1zed 
<md promms n he batrer have coagutated or firmed. 

The h1ghN gelaLrnintion temperature o~ barley starch also 
allows additional trme for vo lume Increase. Volume incrP.ase is 
atlclttionally tar:illtaul'd by lhe u~e of a chemical leaven ng agent 
that hcrcases the rate of CO. product ron. The incmased sugar 
IE!Vel$ in quick brearls lu rther delay the gelatinization of the 
starch as well as coagulation of the prottuns present. Thus, 
barley should produce aa:entable baked p roducts 1n which the 
rote ol gluten is mi'lirn ized, providing the flavor <md appearance 
are ac~eptable to the consumer. PrentiCE! and o thers ( 1979) 
found !)ood accnptab• lity of tho textUre and flavor of a 15% 
barlev·meal breacl when compared with 30% whole· whea t 
bread by a senso ry panel. 

The fun~tionalny of !lours from Alaskan -produced grain in 
baked product~ has not been evaluated. Thus. the purpose of 
his stud y was to evaluate the appearance, texture, and flayor of 

a whol, wheat quick bread In which barley flou• had been sub­
stltut~t! I or all·purpo!>e flour. 

MATERIALS AND METHODS 

Barley who le -wheat QIJick bread was preoaretJ using flours 
proouctRI from T•bel 1-tull~ss barley and Chena red spring wheat 
obta n ed from the University of Alaska Agricultural Experiment 
Station, Fatrbanks. Each grain was qround ·n a Waring Blendor 
to prod uc& flou r. Only the flour that passed a standard, 20-mesh 
se"vn was used (FDA, 19 79} Barley 'lou r was substi tuted for all· 
purpose flour at four levels: 0, 40, 60, and 1 00%. Chen a red 
spring whole wheat nour compri~d 50% of the total fl our n 

each loL Thus 0 .. 20, 30 and 50% of the total flour used for the 
fou r variations was barley !lour. The ba>ic formula Is lirted In 
Table 1. 

Table 1 . Laboratory Formula for 300·g LoavB-S of Barfey 
Wholo Wheat Quick Breads. 

lngre-dien 

AII-PI.Jrpos • Ill')• II a 
Salt (lo dozedl 
Baking powder 
GranJJiatlld sugar 
Unsi1led wnol,.·w hF3t flour 

Beatt.n egg I grade A) 
Whole milk 

Grams SoJJrc /Bran<! 

76 
4 
5." 

666 
8C 

33.3 
161,3 

Gold Medal 
"JJooton 
Calumet 
Kroger 
Un ver~oty of AI0!.$1<a Agr•culturel 
r=x perome.m Staloon (Chr'nJII 
Kr011er 
Kroger 

8
Tollet Hulleu borlev rlou· hource: Uno~e"lly ,r Ahuk~ Agrcultural E~ · 
oerlment S11noo nJ was sutr" lUted for 11 I pu.-poso flour '>1'1 Th~ followmg 
basi~ : 20% Darlry bread , 30 4 11 bu•ley tour for 30.'1 g ell-pt. po$e flou . 

30% barley bread, 45 6 oJ ba•l v llou for 45.6 tJ all purpose flour. 
50% barlov tlreac1 , 76 • bilrii'V flour lor 76g, 1-ourpcS;e fou r. 

Dry rngrerlients were we•ghed on a Harvard tJ ip·balance 
scale . All d ry !ngredi!?nts exce1'JI the whole-wheat flou r were 
sifted toge ther; the v.•holf ·wheat flour was stirred into the other 
slfted dry lngreoionts. One -quarter of tile combined d ry ingre­
dients was added to thP beaten egg, a.nd this mixture was com· 
binod by bealin!J 20 ~>trokes. One·th rd o· the milk willS added to 
this mixture and incorporat~d h'( beating 15 strokes. An addi­
tional quarter of lhe dry Ingredients was added and the proce-
dure was repeated unt1l all mgredients were combined. Th!! 
batte r was a llowed to r~Jst far 5 rml"utcs prior lO baking. 

Three hundred grams of batter were weighed and baked at 
375· F for 30 minutes in a 17.5 x 8.0 x 5.5-r.rn loaf pen that 
h ad been greased with I gram hydrogcnilted vegrtablc shorten 
lng (Cr isco). The loaf pan was placed in the center of iln electric 
oven on a rack located at thE' thrrd position from Lhe bottom. 
Aher rem oval rrom the o~en , the bread was cooled for 10 
mmutes beFore it was removed from the pan. The bread lo aves 
were f roze n in sealed plastic bags after cooling an additional 
hour. 

Specific gravity at the batter vas determined as an ind•ca 
tor of expected volum[) {F SNFSA, 1976) All other objecti11e 
res1 1 were co nducted on bre<Kl that h ad tJeen frozen Fo r two 
d ays and thawed at room temperature for approximately tw o 
hou rs prior to tes tinq Loaf volume was evaluated using a loaf 
volumeter (F SNFSA, 1976). 

Figure 1 indicates the slices of each loaf or brearl <.Jsed for 
senso ry and the additional objective tesUi . Th!! bread slices des.o­
nated tor objec tive testmg were photocopied t<1 indtcate cell dis· 

~,.-- r ,... ,. 
I I 

8 7 6 5 4 3 2 1 

F 1guff! t . S<:fl em.nic re.rpreU/nl!}!IOrt of Quick brttdtl ID<Jvt>& lndicat mg rJre 
slice position designtted for obJ&clHtC tmd s~nsory rltStmg Slices 1 and 4 
(2.5 -cmJ thick ) w ••re used for ol'lfr;c:r•vr te.<t•. FIBfri<Jinmg slice.. ( 1.25-cm 
thlclc) were used for sensory rest.1 

AJ(.roburcillis Jarumrv/1982 29 



A B 
2 em 

c D 
F.•gtJre 1. Phorocop11:s of tire slrcF!d bre~ serve liS il rtJCord of caarsen f!s..>, comp«tness, 1md cell distribunan of tile crumb. as .vel/ 01s l!alum• of rhe 
IOiff. Slices ilfe tJO.IttOfl I. A 0" barley, B = 20% borlcv. C • 3()'\o barlev, and D "'50~ barlt'>'· 

tribut10n coarseness of crumb, and shape (Figure 2). Tender­
ness, cohesiveness, and gumminess (Boume, 1978) were evalu­
ated using the compression cage attachment to the lns tron Uni­
ve rsal testing machine (Modal 11301 at a c rosshead speed of 50 
mm/min., chart speed of 100 mm/min., range setting of 50 and 
a load cell of 50 kg. Cylindrical samples, 3.9 em in diameter and 
2..5 em h igh, were compressed ro 20% of their original sr.te 
M~isture content was evaluated on the Sauter Moistu re Tester 
and Tappan Balance IFSNFSA. 1976). Results for all objec tive 
lasts are mported In Table 2. 

Table 2. Effect of Barley Aour SUbstitution for AII.Purpe»e 
Flour on Objective E11aluati o11 of Whole -Wheat Quick Bread$.11 

v ana11011,% barley flou 
0% 20% 30~ so·~ . 

Spl!c:ltlc prnvitv 1.73 1.19 1.19 1.20 
Loaf \101 ume l em J J 721 .7 760.0 716.0 733.3 
T~ndurnussb l kg j 75.94a 30.00ab 3 1 50b 38.79c 
~1->eslvenessc 0.36 0.39 0.35 0.38 
Gurmmnl'ssd {kgl 9 .45a l1.43ab 11.41ab t4 .30b 
Mol&h.He content 1%1 37.10 39.00 39.96 40.27 

11 All values ere rnea11s of 3 replicauts. Means followed by the same lener 
or withou t leuers within mws arl' not sigl'!lfttllntl v dlff11r nt at t h• 5% 
levu I. 

bTendarness =height or lnuron curv I. 
cCohes•veoess = tat10 ol area under lnstron curve II : atea under lnstron 

eufVE I. 

Sensory evaluatio n o the product was conducted b y 12 
11olunteers from the rtudents and facu lly al the Universi ty of 

30 Janu.~ry/1982 Agroborealis 

Tennessee, Kno xville. lndi11idual panelists had varied experience 
and varied with repticatiolt . A consumer texture profile analysis 
ba llo t !Szczesniak e t al., 1975), modified to include appearance, 
flavor, and overal l acceptabi lity parameters as well as texture 
parameters, was used to report the sensory evaluation. This 
tech nique allows the panelist to mentally vi!>ualile and describe 
thP. characteristjcs of an "1dsal" product. Characteristics evalu­
ated are indicated In Table 3 and :figures 3, 4, and 5 The 
"ideal" product and each sample were rated w1th r~?Spect ro 
each charac teristic on a 6-point scala ranging from not Dt all (0} 
to very much so (6). Samples that had been placed on white 
plates were coded with threo·digit random numbers .md evalu­
ated under white light in individual sensory booths Samples 
evalua ted by each panelist were randomly selected, however, 
each rece ived sam ples from the same location within the loaf for 
each variation within a replrcation. All samples were served at 
room temperature. Water was provided for rimmg. Each sampl~ 
was one halt o f a 1.25-cm-thlck sima of bread. 

The experimen t was replicated three Times. Analyses of 
variance and Tukey's rang!} t.est where appropriate were used t o 
evaluate the effect of the substitution o f barley flour in the 
basic formula a t f'Ou r d lfferunt lovel~ o n physical and sensory 
characteristics of th~ bread. 

After data from the study werl! evaluated, we concludf!d 
t hat the 30% barley le>Jel wa~ the highest acceptable level for in· 
e lusio n In the q uick b read product. The labo ratory formula was 
increased for p roduction of larg~r loaves and testEd. The formu 
Ia, wh ich yields two l · pounll loaves of barley whole wheat 
quick bread, is given in Table 4. 



Table 3 Effect of Barley FlolJr Substitution for All-Purpose 
Flour on Sensory EvaluatJon of Whole Wheat Ouick Breads.ab 

CtliUi!ClP<id c Ideal O"' 20~ 30% 50% 

Appearance: Crust 
Rounded 4.53 4.14 4.53 4.41 4 .08 
UntNe"l 't"tepe 2.1 9 2.69 2 .28 :2.53 2.69 
Broii\I'Md 4,47a 3.03b 3.00b 3.1 1b 3.830lb 

Appearanc:a: Crurnb 
L1gn1 b•o•·.n 4.08 4.5J 4 .14 4 03 4 .03 
Coarse gunn 3 .39 3.64 3.64 3.42 3.39 
EVN cell 
diuribut•on 4.58~ 3 .75b 3.16b 3.53b 3.17b 

CGm.P&Ct 3.00 2.92 2.94 3.31 3.44 
Textum 

Rough 2.a4 2.94 3.17 3. \9 3.58 
T.,nd r 4.58a 4 47ab 4,06bc 4.03bc 3.83c 
Fir I'll 3.72a 3.923b 4 14ab 4.14ab 4 .33b 
Cra.mbly 2.94 2 .67 2.68 2.78 3.08 
Gummy 214 2.78 2.61 2.67 2.47 
Moiu 4.5611 4.5Sa 4.23<1 4.22.a 3 .6 1b 
Dry 2 .143 2.39:~ ?.67a 2.478 3.3~b 
Good 5.56o 4.67b 4.44b 4.42\J 4,o4b 

Flavor 
Swee1 3.64 4.69 4 42 .'1.42 4.1 ' 
Strong 3.05 2.75 3 08 2.89 2.!}7 
SoiJJ 1.58a 1 . \ lb 1 28ab 1 39ab 1.39ilb 
GOOl1 5.£91:1 5.03b 4.39c 4 .50c 4. 19c 

Ove!""' Accept blliiV 
Appea1 anc:e 4 .94 4.69 4 56 4.61 4.58 
r~xtun: 5.:l3a 4 86ab 4 .4 7bc 4.36bc 403c 
FlAVor 6.68a 4.7&b 4,<12b 4 &3at> 3 .97b 

aD ~ rW)I All B I, 6 = 'lll:rV rnurtl !10. 

b\11eans lollowed bv the -.am~ letter m1hiJ1 rows uri! riOt ~ignifn;• Hly d·f-
feren1 at tho 5.0% le~gf accordti'IO 10 Tukey's r a1111P. te~l. Least sqL•IIre\ 
TT'P.an~ a1 3 rei) 1~1•ona. 

RESULTS AND DISCUSSION 

Barley and whole-wheat qurck b reads oxhtbi ted good 
volume and a rounded crust. Hart and cown6ers ( 19701 ' 
ported a lack of oven spring on fu ther ri~mg m barley yeast 
bread during bale ng, while Landerberger and Morse ( 1918) inc1i · 
cated t hat lowerin!J t he pH o f lh!! dotJgh to 5 was necessary to 
obtain accep tab le volumf) . However, in thi s study barley whole­
wheat quick breads e xhihiled ri sing during baking, as reflected 
in Figure 2, wtthout the addition a t gums or thr manipulation 
of pH- Specific gravity va lues (Table 2) fa iled to indicate signrfi 
cant differences among the batters containing ditferent leve ls of 
barley. Lack o f difference in specific gravity valurs was reflec wd 
tn volume measurements. As levels 0 1 barley increased from 0 to 
50%, no 5ignrficar11 d ifferences were found in loaf volume as 
me~ured with 1t1e loat vo lumete r (Table 2} . Barley b reads ex­
h bired domed crusts as seen in F igure 2 and reflected in panel 
scorP.s for rounded crust (Table 3) Crusts did not d iffer with 
respect t o umforml ty ol shape (Table 3}. 

Brownness of the crust of barley wholn·whea\ quick b reari 
was sign1 ficantly d iffe rent from the perceived b rownness of the 
'~deal" qulcl( bread at the 0, 20, and 30% levels:, reflecting ex· 
pectation o f rlnrker crusts t han were encounte red with the lower 
bar ley levels . However, the bread co ntaining 50% barley did not 
differ sign ifi cantly t ra m the " ideal,'' indicating Ll1at it was 
nearer the color anticipated by the panelists. Unlike c rust colo r, 
sensory scores tot light brownness of the crumb did not differ 
among samples. The crumb of q uick breads is coarser, w ith a 
mo re uneven cell distribution, than yeast breads, since the for· 
mation of the gluten structu re and t he incorporat ion of ai r 

Table 4. Basic Formula for 30% Barley Whole-Wheat 
OUick Bread.3 

lngredie11t Amount 
------~-------------------------- ---------
Barley flou r 1 curl t 3 tbsp. 
All- purpose flour :Y, cup ... 1 tbsp. 
Salt 2 t~p. 

Baking poWfiP.r 2 lhsp. 
Granulated sugar 1\-1 cups 
Unsifted whoiP. ·wheat flour 2 cups 
B~:~aten eggs 2 
Whole milk 2 CUPS 

11 Formula •s dCSIIJnf'd for household or .:ornumer um. Produce"'- 2 1 • 
pound loaws. Mix II$ ind•CP.!ed in Mat; riilli an(l Mrnhods stcll(ln Grea~o 
2 8¥.. x 4'~ x 21.(. • mch toM pens. Bak~ at 375 F tor ·~proxrmate y 50 
mil'ltHBi . 

d uring m ix ing is Mduced. Sensory scores for wholn wheal q uick 
breads .Jreparecl wrth different levels of barley flour did not d '­
fer for coarsenes~ or roughness of LIH! crumb grain (Table 3), al· 
rho ugh 1he cel l distrihution ot each sample was not as even as 
anticipated by th~ panelists (Tabl£ 3 ; F gures 2 and 3). Com· 
pactness o f the samples did not differ (Table 3), rnflecting simi 
larities in volumes of lhA samples (Tablr> 2, Figures 2 arvl 3). 

Satisfactory volume was ach ~>ved althollgh u:arch content 
of the barley whole-wheat breads is lower than i~ normally 
charactcrrstic a t qu1ck breads rlua to .thl' incorporation of higher­
protein lower starch wheat amJ barley flours. 

lncreas.ng the pe CtJntage of harley flour .n the basic form­
ula reli.ulted rn a significrnt dccreasP. in tenderness, reflecting the 
decreased starch can ter i. The decrease in tenderness was 1denti 
tied by both objDctive measu cments {Table 2) and sensory eval· 
uation (Figure 4, Table 3) of the products. Additionally , m 
crease in sensory scores for hrmne:;s (Table 3, F igure 4 ) also is 
reflectc(l in decreased tenderness. However, r.ohesilleness of the 
prod ucts was not altered Slgntficantly by incorporation ot m­
creasing amounts of barley llour (Table 21. Scn~ory ~?valuation 
of the q uick brnads indtcated no significam d fferences in the 
sunngth of inurnal bondinq as indicated by scores for t he 
crumbliness param~ter (Tablu 31 .. , hccse results ;ndicate a lack 
of glu1en network development, even though prolein content of 
me bread is mcreas1ng. Howcvor, the increase in the amount of 
protein that is hydrated in the mixing proces.:s and then coagu· 
lated du rrng baking, may resu ll in a decreast! in tenderness or 
increase in firmness. 

While gumminess. which 1s re liited to the demeness that 
persists throughout chewing, IS a characteri!;tic auoc1ated with 
breads of poor quality, it wa~ not found to be p resent to a great 
degree by semory panelists nnd no s igm icant differences were 
fo und with increasing barley cnntent (Table 3). Products that 
exh ibit gumminess are characteri7ed by a high Jegree of cohe­
sivP.ness and tende1 ness (Civillc and Szcze-smak, 1973). Such 
products are usually I iqh in starch content. Tho barley whole ­
wheat q uick breads prodJced in thrs expenmant have .o reduced 
starch content and h igher protein content, result ng in a p roduct 
that h as a low degree of cohesiveness and a correlative reduction 
in the level of tenderness. Therefore, rhe results ob taine<:l when 
determin ing gumminess bv multip lying the t11nderness and 
cohesiveness value-s from lnstron rr ea~uremcnts 'Boume, 1978) 
ind ica te a sign ificant difference in gummines;; as is seen in Tabla 
3. However, this method of rf,.termlning gumm ness is actually 
reflecting the decrease in tenderness, rather than an increase in 
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cohesivene~s.. m aking thl~ parameter inappropriate for objective 
testing of the barley whole·wheat quick breads produced. 

Cunningham and others ( 1955) reported that the water· 
absorbing capac1ty of barley is lower than that of wheat, how· 
ever, no statistically signif icant differences m percen1 m oisture 
content were found wlth increased incorporation o f barley flo ur 
{T-able 2) Sensory scores for moist and d ry parameters de­
creased and increased respectively as barley increased (Table 3 ) 
Although the percent mo istu re c ontent d id not differ am ong 
variations, the re lative proportion of the components responsi · 
ble for holding the moisture did di ffer. Otfferences in release of 
moisture by these components may resu lt in variatio ns in mois· 
rure or dryness of the c rumb os perceived by the sensory pane· 
Hsts. Whtle texture scOfes for al l samples were better than the 
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Figvr~ 5. Cn1>S.Um#r F lavor Pt7)files fnr tJ,vley whol,. · wllt>at quick bread 
and rht> "idrul" wltofe- .vh~;H quick b1rNid. R41ltlitl ar11 presented lh tJavut­
uont fram rhc score tor the: "1d1Vll" product. 

midpoint o n the good scal9, they did differ from the "1deal" 
(Table 3 , Figure 4 ). reflecting d~;viations from the " 1deal" for 
several tex tural parameters. 

Barley breads Mavl? been described as being sour and strong 
1t1 flavor (Landen berger and Mom!, 1918), Landonherger and 
Morse (1 9 18 ) added sal t to The 2~ IP.ve l to f'lroduce a less sou r 
product. The formula used In this study con rained less than 1% 
salt. Howe~er, the sugar content of quick breads is higher than 
that in yeast breads, and sugur also can depress sourness lAmer· 
ine et al., 1965). Sensory panelisLS found the degree of sourness 
in the breads containing barley flour to be nearer to the "id~al" 
than the degree of sourness found in whole wheat quick breads. 
No significant differences in the sweetness or wongness of the 
flavor were found by tho samorv judges, While tne flavor of 
each bread was rated above the midpoint 11alue on the scale, 
significant differences m goodness, i.e. the judge's overall im­
p ression, of the i lavor were found. None of the variations W a5 

rated as having a flavo r as good as anticipated, and the flavor o f 
b read containing no barley flour wa<; 1ated higher than any of 
t hose containing barley flour (Table 3, Figure 5) 

Overall acceptabil ity of quick breads made with barlfry 
fl ou r d iffered with t he parameter being test ed. No significant 
differences were found for appearance, although ~ign1fcant dif· 
ferences in the b rownness of the crust and even cel l distribu­
tion were found whe n individual appearance paramcum. were 
evaluat ed (Table 3) T hus. the overall appearance of quick 
breads con taining 0, 20, 30, and 50% barley flour is acceptable. 
The overall acceptability of the texture of the products differed 
with variat iOn In barley content. All vanat10ns, excnpt the bread 
containing 0% barle)' f lour, were s•gnificantly different from the 
"idt!af;" however no significant rfifferences were found between 
the 0% leval of barley flour and variations made With 20 a nrl 
30% barley. At the 50% level, significant differences in texture 
from the other b reads containing barley were found {Table 3). 
These d ifferences also were found in the objective evaluation of 
tenderness (Table 2). Overall ac:ceptability of flavor at 0 and 
30% was not signif icantly different from the " ideal." Significant 
d ifferences were found at the 20 and 5()!';0 leval !Table 31, indi­
cati ng that a lmear relationship Is not found between the per· 
cent barley flour present and flavor accep tabll lty. Perhaps the 
overall acceptabil ity of flavor is related ·a the 1nterrelat1onshtp 
of several unknown factors in addition, to that of the percent­
age of barley flou r. 



SUMMARY 

Th·~ consum~ ~exturP. profile analysis li!clmrque n11ow~ fm 
.QraphiC p l:~ent,JIIOn of tlot data obtained frtllll sensory i!VB il, -

tion o f thf" prod1 cts. By p lottmQ ·he values obtained Js dP.v a-
~· om from score~ rtS$rgned to dll ""deHI'' produc;r , n is possible r 
ViP.W graphically lh~ charar.ter' slics Ue ng testeci, a S :.een In 
Fraure~ 3, 1, unci 5. NegaTive valu•JS indicJte that th• ·pecific 
ch, acteris1 ic testtJd was not us h1gh <~S ·~xpC{ t d oy thP. panelist 
whe1 he/she nrntal ly v1SU.1h.zerJ thr " 1~aL " Posi · v•: Vdlues in 
dicate that the cha acter nc •.•.1as pt !sent • 1 greater dugr~~ 
than expo~cr~d Overall dP•JicJ wns ~rorn tile rdcal" by the 
characteristics teSted vep !.mall, however the degree ot dev ia 
tron rhtresed wnn th~ var atlon and · •c Jlaramcter evaluate<!. 

Th1.1s, whole wheat QLJick bread in which Ti uet H1 ll11ss bar· 
ley tloUI is sl.J bs•ituted at th~ 30% le11el !Tabl11 4) s an wcccpt 
able product wl 1 appearance, texture, and flilvf•r are ev .. ruare!l. 
Sultstrtution obove dut le11el r i!~uhs ln decn~i!SAd flavor accent­
abihty and ,, d !'rrease rn ono.s ness, lilf! t!to re 1->vels abov~> 30; 
<~re not reconun~:nded . !-ur h( s.tud1es ir-voiving analys•s or 
gh•ten t!Ontf'r l lunctio, tl ~ In '(east breads, keep nq qua lrty 
of 1 hL bread, effoct ol agmq tt ~ !lour, 1nd vrll:tg£!! proct:~ing 
methods ilrc indicated. 

fCdiror', N ott•: rhe Unt'ferr •y nf 41,,,kill /oas ,~ l'orrtiJ eo(;QJlO/IIIr:~ dr!(JjJ "{· 

mcnr !) oth<rr tm • .tittes (or .wnluar•ng rile :wtt btMy of Allt~kB gr.ll f1s I r 
v;o. 111 b.>~ e.d orotJucr s. Mtr. Swanwn 111 •, qJICour ... •,•ed /Ji' mfJml)ers of tlrP. 
>lrlfl ar tit•· Agnr:ul:urill E:.p.•r·m~nr Sti11Jun co r11u AI ;kiu• lJ orlr'l m 11 1 
qr;l(/uare w or4 H th,; UtJtllers•tv of Tt'1111'1<1o/T. Th11 Atil ttlitural F.:.:per. 
mt.<OI S ~rion i.o .&upplufei thr- b<Jrl fiV u.ffll ' n r "1tudv r •po•ted h!:'rt•. 

REFERENCES 

Aml!lln!!, M. A, 'A . M. P~ngborl' ~no E S. Roessler. 96' Pm•ciplt>.~ at 
Sl!'tl.l()ty Ev·I/IJtrriOIJ of l!"uod AcadlliT oc Pr!!Y•, New York. p . 79. 

Bour"le, M. C. 1978. T~>xtwe CH01ole enalv~&. Food f•r.hno!ogy J217l 
62 66 

r:,..,,ll G. V. and S,cze~niak A. S. 1973. G11fdehnes 11.1 •, e nino u o>xtuffl 

pra'ole> Pill e •. JotJfflltl of T··~toi'P. Srudttl-1 -21).1 21J. 
Cuno• nullam. L.. K. .• W. r . G.-~d.-s "1d J . A . And rS(H1. Hl55. f•ap,uatotlll 

and C'hA+nocal char3CtPn.>ll t:5 ot tl'l col1e! •• Vll proti!on•. a t ~~~. f!eat, 
barl&y , rve nd oat&. Cf'rt'al Chnrtmry J2i21 - 9 1-106 

food 1ncl Dru11 Ad11 "'IIUralioll . 979. Code of FedP.r(l/ Requ/{JfiQns 
Food mel Drug . U. S GovPrrlfTH!Ot Pn n llr~ 0!1 .-_., W.ull tlQ;to 
D C D. 246-247, "tt. 1~/ 200. 

Food ScrP.roce, Nutror iO, and food Sy~t rtl& Ariminostr rtnn. 11:)76. Pro­
r~ut ·~ rru Dpllr;~tmn of Food TI'Hmg Eqr11omenr. De10or rmr.r>t of 
rood Science, Nljtrit on nd Food !;·l'st'"m' Admln' ' Uancn, l.P'lo~oer­
soty ot Tl'nr'll!i ee , Kf\0'"'''" pp . 4 5, 36-42, b6 57. 

liilrt, M . R . R . P. Go,.ham, M . Gee & od A . I Mnr~ar'l , J, . 970. BrHild 
i rl:' n ~orQtouou ~nd bariP~• trour- . . Journal ol Fomf Scwm:f' a5:661 -
o65. 

Htl$t!tWV . 11. C., K. f. Ftnn+ y, Y. Pomr. •• wr ;o nd M . 0 . Shr;g ''· '971. 
F mctoor;, h"eadm:nongl ""~nd ll n~h~moca nropert•~• oi whflat 
flouror:urrmonems. VIII. Starcl't Cereal CM1m .rry •l8j2l· 191-20 I 

Lilndnnb•r o•r , L. L. and \'IJ , Mor • • t918. B .. rrey brE'8d, o p t omum rc­
~ctoor snd salt Aff~t. St·rvnCI' 48(1237) . 269 270. 

LB'\'o'oS, (' 1981 Pe orul ~O!Tirtlltno&::ahCHl. Agrrcuhutilf EKpellm!!'nt St,;o 
Iron lr oversity o• Ala1ka. 

McCumoon, w L. 1973. BudAy, 31"1 introdunoon. IN ll'lilt>S• rmu;.ole 
and Btfrlev Semi/Jar, ud . R . G. Ander1-0n . lnt,.rnat ona Ma•ze and 
Wheat lmp:oveme.nt Center. E• Batan, Mexico pp. ,43 -16. 

Moara, K . i9BO. tsll l~:v snar:. s Cil•Ve ne·.~ market nith". con<umen ice 
fl~woo , textu o A, nutlll•c 1. Fnoa l'wrtuCt Dov_ t4lli :>8 J~ 

Potlock . H. i981 O,.'ta Ag 11u tunll Poo e1:1- , uCt;"t:s o fa 1 ,.1 At,wo 
bnrealt!i 13;&4 · 65 . 

Poll e•<mz . Y . 197 •· Food u~P!s :lf iJaoJe, . CRC Cnucal Flcv•a•.·. s m t:ood 
iw:hoologv 1/(3) 377 ·39.+1 

Pmnlk'". N., W. C . Buogilr, and U. L O'Appolon &. 197'l . .=tolled ni'jlt 
lysone b nov brae last ce•e~ll, coukt~s .and brf•.tri C11r I Clterw .• 
rrv 56 bl :41l-41u. 

SolliJ•$, W r, ;,nd G. l. Aubt-f\lllah'l . 1911 . Pnr!o nlil "t ol """"Ill .• rd 
mn •. t ,,,.,rchi'S on ,eroon~titutoo llours. C~"tf'ttl Chum1strv 48141 39 I 
410. 

Szczesniak. , A. S., B. J . L~w. ano:+ 1:'. Z . S~ r'1 r g75, Con$UI1l!!t tex1ur11 
oro Ill• ter.l1n qui! lam11•1 ,1 Food SctFn<.e •rO 1253·1256. 

Tavlor R . L. 197 < Agmv rura • 11 , . IJIHII'I II~ · Aills.kas A!lrir:ulrura: 
PtJlCrltJIJ.I. Pulll cMoon No . 1, Bulla1on P 40 Alas 11 Rural Oevt'rop-
!llent Councol, Faorllonl.ls. pp, '33-SS 

Whil!'l'lou~e A "·H. 19 D. T~e prospecu o' br cd ng bd~ley·, wntltlr 11+i 
o~t.> to •r!et ~P"*' I!QuooernenB •n llumlll'l ano anomol nutrot oon 
P10c. Nutr. Sor: 20 · 31 ·:.l9 

Wuodrr>g F J. . • d F. M. H .sl)y, 19HO. Pror tn .-onH•nl and nuuoa nnal 
valu~t of graons grown 11 rntr.rror Alask<1 l 1!$8Brr:n re,ool\1 . AerJcu l­
llnar Expeo mern Stat 011, UniYilrsoty of A a!ka, F.e ·rban~ · 

Woodong, F. J .• i>nd J. H, McB~lHh 1979. Pnrtorrn lit" af Cer ' ' CrDJ"'S. In 
rhY Tanana. rlrvo" V ll~v oi Alas .J 1978-79. AFS Crrcu O• No :l4 
Ag icuitura Experim•mt SHtroon , Unovt r·,.ty of All!•k•, Fa.rb~t' s. 

J"nuary/1982 33 



G~IJS nor onlv have a vit(l/ role in thtt nutrition of man, th11y also pro11id11 surfaces that are aeschecicallv pless1n11 ;md lunct,onal In rhc dav · to· d11y 
«titritias of man. 

Grasses and Their Uses in Alaska 
By 

William. W. M•t chell '' 

Grasses are amon!l those things that are easily taken for 
grrmtcd. They am ubiquito us, sometimes commanding attent ion 
by their abundance aT dominance, sometimes unobtrusivP.Iy 
wedg:ing their way in ntches to co mpnso a m inor portion of the 
flora, 01 springmg forth when the opportunity arises to occupy 
an area formerly vegetated by trees or some o ther plant form . 
l 11s versa illty of gr ass11s, wit h many ad~;~ptetl to lolerate crop· 
p ing or mowing, and their ability to provide nutri[ious fo ods turr 
in the seed or forage form have been cn t i<:al t o the development 
of mankind. 

Mankind relies either directly or indirectly an grasses for 
many or The staples in h is diet. All of the cereals, such as corn, 

•ProliiUOr A11ronomy, Agrlcultu111l RI!Search e-nter, Palmer. 
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wheat, rice, barley, and oats, a1e grasses. Animals graze grasses 
throughou t the growing season and feed on grass hay and silage 
th rough the winter, th!l'reby convertJnQ p lant material into high· 
qua lity protein sources, such as moat, milk , eggs, lltc. The future 
of mankind depends to a large extent on how well he manages 
h is grasslands and grass products. 

T he extensive, finely ramifted root systems and top -growt h 
litter oi grasses are important soi l buildei$ that have contnbu ted 
to t he quality of some of the world's mon fertile s.a ils. The 
foli age of some grasses provrdes an excellem healing cover on 
scarred land surfaces. The growth habit of certaan grasses, by 
permitting repeated mowings that produce a manicured appear· 
a nce and vegetative carpet , affords us aesthetically pleasing and 
~uncbonal su rfaces fo r yards, parks, athletic fields, ere. 



Alaska i~ more noted to r Its taioa (bor~a l forest I. tundra , 
and coas tal forest vegetaunn types than it is for its grasslands. 
Grasses p .. ;~y 1mportant roles, however, w lth1n these na1un1 
sys.toms and · fll as5um ing grea ter 1rnr ortance m cul t ivated and 
other manRged <>1stems. This papnr concerns thl" grasses most In· 
vohtPd in direct use by man o r t1is animals with recommendd­
tiam on the use of tho~ judged to be best adapted to our 
northern lat tudes. T hough (lrasses ap pear to grow w ith ease, " it 
ain't always 111at easy" to obtain the ki nd o cover then is 
desirP.d or required for a particular purpose. Selectiv ity is 
n&essary fo r success and t here are 1ew1u plant materi als adapt­
ed fo1 IISB m the North than for the more t emperate regions. 

NATURAL GRASSLANDS 

T ho narura l grasslands mos t utJiiled by man m Alaska occur 
in the ~outhcef"'tral and southwestern regions, whem livestock 
are grazet. '"tho M.mmuska- Susitna Valley region, Kenai Penin­
s In, Kodidk Island and on the Aleufan Is lands. Some extensive 
stnnds o f nat111e bluejoint reedgrass (Calamagrostis canadenSJsl 
llaYc been the elliot attraction. Thi'i is a t al l grcrss that 1s both 
grazed and harvested for stored forage. Vllitrt c onstant grazing, 
however. it is o ften rep l o~ced by other grasses, sedges (Carex sp.). 
and ~orbs. On the A le u t1an Islands, bluejoun is less abundant , 
and o ther grasses, particularly Ber ing hairgrass (Deschampsia 
hermgensis ). and tl " grass-like sedgl!s becorr1 e mor~:< mportant. 
Various tundra 1 cgions receive consfderahle grazing use by t!ercls 
of canbou and by reindeer {domesti cated caribou) concent ra tet.l 
principally in the S~>ward Pen insula drea o f northwestern Alaska. 
Tundra r:v pes may include mo re sedges, fo rbs, and shrubs han 
grasses. Polargra•s (Arctsgrostis latifolia ) and h lu r.grasses (Poa 
sp. ~ arc some of the more Im portant grasses afford ing grazing 
in tuntlr<1 re!Jions. 

Much of Alaska's grasslands and potential grasslands 
(cleared shrub and fo rast land~ and dr ained bogs) remain unuti­
lizcd or underutili7ed by livest ock 01 for forage production. 
Some ot these areas h aw) medium to h igh produc t ive capabili­
ties. Tall growing bluejOJnt stands are ind icauve of si tes with 
high p roduct ive pote ntial. Over 2 tons of d ry matte r per acre 
have been obt,:uned from na tive stands of bluejomt in earl y J uly . 
Persisten use by graZJn(J 01 m echan cal harvesting requires pro­
per management, however, to SLIStain healthy growth. With good 
management , forage yields of 1 'h tons or m ore pe r acre have 
been mair1'la ined. 

GRASSES RECOMMENDED FOR SEEDING 

The difference be tween success a nd failure for a planting 
often is determined in the plann1ng stage when the seed is 
chosen. Maktng that choice generally involves a determina t ion 
both of species anu or particula r var ie ty, o r cul tivar, wi lhi11 a 
spe<:ies. Named varie ties have predictable characteristics b~ause 
they originate from breeding materia l of known quality . The in· 
te~rity of that breed in!l mater i<~1 is m aintained by tha breeder or 
some designated agency. For seed to be grown and sold under a 
variety name, it 1nust be inspected and certified by the prope r 
agency. Exam p les are 'NUgger' nnd 'Merion ' Kentucky bluegrass 
and 'Mancha•' bromegrass. Seed sold w1thout a va riety name, 
$UCh as common Kentucky bluegrass, cannel be traced to 
known breed1ng material and therefore is withou t pred iCtdble 
characteristics. Such seed can be expected to be infe rio r to 
mcommended varieties. 

Experiment station". ,hruuqhout lhfl Unitad States have 
continumg programs in .rvh"ch varu~t tls are tested for thetr appli 
cation tor diHerent IJU pose-s. Because ot the size of our state 
and t he few researchers i'VBiiable. less is known abou! varlota l 
applications in Alaska them for othf'r states. The tollowmg repre­
sents the opinions of this au her ahout grasses hat should be 
used for various purposes. 

FORAGE GRASSES 

The maior forage seeding> in Alaska are c;omprisod of eithe~ 

smooth b romegtass {8romus inermis) or timothy (Phleum 
pratense). 

Bromegrass is recommended tor so• ls m forested regions 
witt- pH 5.5 or grea er . n, is IS a generall l ation fir which than• 
may be excepTions, but my experl'!nce indicates brome plant­
Ings should be confinrd to smls above pH S 5 Bromegrass is the 
pr ncip al perennial forage In the Tanana and Mannuskn Valley~. 

The prefe rred varietie~ arc Polar' or 'Manrhnr .' 'Carlton' is an 
alte rnative. Othor Yarfet1es ol Mtthl!rn origin may havo appl ica­
tion but have received I uh testing, Polar was developed al the 
Alaska Agricultural Expenmenl Station from matenal of 
Bromus inermi · an intt :>duction, anrl B. pumpellianus, <i native 
brome. Manchar w as dev•.lop~d at Pullman, Washington, from 
material in t roduced from Me. ch ma. 

T mothy is the major forage grass in the Susitna Valley, on 
some o f the upper elevations of he Matanusk.a Valley, and in 
seeded fi elds o f the lower Kenai flenJMUI•1. Timotny oler1nes 
acid so ils, t hough I m ing rnav be necessary bP.Iow pH 4.5. I is 
less well suited to dry sues than bromegrass. Wi•h s.ufiicient 
moisture, tlmothy provides h1gh first -cut ytelds, bur regrowth is 
genera ll y restricted after the tim harvest, pdrticularly on stro r g­
ly acid so ils. 'E 1gm o.' an lntroduchon from northern Norway , is 
the recommendf'd variety. 11 seed o ~ that Yarlety Is not available, 
one m ay resort to 'Cirmax ' <' Canadian cultivar. Others may be­
come available m the fuwre. 

Other grasses used to lesse r e.xtents for forage in Alaska •n· 
elude meadow fox tail (AiopectJrus praLensis). tor which 1here 
arc no named varieties, ' Garrison' c reepmg foxtai l (Alopecurus 
arundinaceus), and reed canarygrass (PhaliJrls arundinacoa}. 
'Frontrer' variety, if available. Meadow foxtail will tolerate 
strongly acid sorls bu does nnt produce a~ well as timothy In 
the f rs t harvest, usually June l'lr July. It willlo(lge and b ecome 
d·~ficu lt to cu t i r heilYY fer·ilitatlon 1s used tu proMote hrgh 
pwduc tion. I, has bnttcr regrowth capabilities than limothy. 
Creeping foxtarl prov1d"s good growth Oil sufficiently d eep 
soi ls that a re not too acid. It should not be used on soils below 
pH 5.5. Oo so ils above that, bromegrass i~ probably a be tter 
choice. Creeping fox tatl may be better suited on ~ires difficuh 
for bromegras~ because of periodic inundation. Reed canary· 
grass can grow vigorously :.md toleratP. aeid so1ls but Is consid­
ered too E!rratJc In pertormance for r~commendation here. 

Grasses with good regrowth capabillue~ should be u sed for 
seeded pastu res. These would Include the turf gtasses, Kentucky 
b luegrass (Poa pratensis) and red fescue (Festuca rubra]. 
meadow foxtail, arrd bromegrass, whir.h could be seeded in a 
mixture. Bromegrass could b e om1tted on ac•d soils. The recam 
mended varie t ies of Kenrur. l<y bluegrass and red l~uo w ill be 
discussed in the following sections on revegetation and turf 
grasses. 
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REVEGETATION GRASSES 

Gra1SeS adapted for aqricwltural purposes are also used 111 
n!Vegetalion efforts. Bromegrass has wide application t h ro-ugh­
out the fnrostod regions of Alask<J o n soil& that are no1 too 
i!'Cidlc Bll')me rlftAn can be used successfu ll y in areas w ith 
ruongly acid ic surface soils becau se seed1ngs are conducted on 
the I!!SS· ac1dic subsoils ot cutbanks and other disturb e<1 s ite s. 
Thus, Polat or Manchar bromegrass is recommended fo r revege­
tation m1xes throughout most of rhe bo eal, fo rest ed region of 
intt.nor ro southcen tra' Alaska. They are not recommended !or 
the North Slope region o f Alaska's Arctic or other tundra habi­
tats In alpine or coastal regions. 

Red fesc ue is one of t he most widely adapted spP.r.ies in 
North America, and is indigenous from the Arctic to Mexico. In 
Alaska, the spoc1es can be appl ied from the no rth coast to the 
:.outheB$te•n coastal region . It is adapted to sites that are m oist 
to relatively dry. The species is su bject to 1n]u ry by sn ow molds 
nnd other fungal d isP.ases. 

The varietY • Arc tared' red fescue, r l&ased hy t he Alaska 
Expenment S tatio n, is one of rhe ha rd iest grasses commercially 
available for use in our state. Arctared fescue is one of very iew 
grasSlls recommended for the North S lope (the tr ue Arc tic ) as 
wel l ns for he boreal forested regi on and the alp ine and western ­
to·northwestern, coastal . tundra regmns. Acta red fescue is a 
valuable grass tor re\lagetation use. Second choices througn out 
the boreal fo rested region are the variet ies 'Boreal.' a Canadian 
re ease, and ' Pe nnlawn,' a Pennsylvania release. Penn1awn and 
Boreal are first choices, however, a long · he $Ou theastorn and 
southern coastline, ncluding the lower Kenai Peninsula, and 
throughou t thtj Aleutian chain . 

All o~ the above -named varieties am of the creepin g fo rm 
of ri¥1 fescue and wil l spread by means of rhizomes to a lln1lted 
extent. Seed so ld as c reeping red fescue wi thout a ny other 
varietal d lstmction merely identifies it as b eing of the creeping 
type. I t is the same a!i the class o f seed sold as common; there­
fore, it cannot be traced t o any p art icular breeding material and 
is probably p oorly adapted. The c hewings type o f red fescue is a 
noncreeping, t ufted rype that is less hardy than the o ther 
recommended vaneties o f red fescue. ' Highlight' is a variety 
used In The Northwest It may be adapted to the coasta l reg io ns 
of southr.rn to southeastern Alaska. 

MP.adow foxtail also r!i wrdely ad apted to Alaskan condl­
tons, though it is not a.s hard y as Arct ared red fescue. No named 
varietie~ are ava ilable at th is time. It ls recommended !o r revege 
tative use Lhroughout al l except the North Slop~ region o f 
Alaska. Meadow foxta1il ca n provide growth on some di fficu iL 
peaty soils of the muskeg type where o ther grasses may fai l. It 
als.o has been ~Jsed with some success on d ifficult- to- stabi lize 
clay~ty soils thal are subject t o soliflucti on. Its clo~1! rolat i\le, 
'Garmon' creeping fox t ail, is not as widP.Iy adapted , being 
strongly Inhibited In growth on strongly acid soHs (below ph 
5.5). It can grow and spread vigorously on neutral to moderate­
ly acid soils where moisture is sufficient. 

Kentucky bluegrass often is used 1n rP.vegetation m ixes wit h 
red fescue for roadsrde p lantings, particularly where a low, turf· 
life appearance is desired. The species m ay be applied th rou9h­
out most of the state. The preferred va rieties are, fi rst, ' Nugget,' 
an Alaska Experiment St~tion release. f ollowed by 'Merio n.' 
OthArs used in Alaska include 'Sy dsp ort' a nd 'Park ' Insu ffic ient 
i n1orm~Lion is availab le about numerous other varieties to a llow 
fo1 commen t here Nugget may be used on t he North Slope, 
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though It is m arg1nal t hNP.. The other varieties are wcom­
mendE'd only far regions sou Lh of the Brooks Range. 

Timotl, y is ad ap ted to acid so ils but doBs poorly m droughty 
situations. IL is best adapicd for the mom moi~t western, soutl, . 
central, and so utheastern coastal regions: and upper elevation, 
forested t o low alpine regions. Timothy is not suited for the 

Arctic. 'Engm o' is the preferred variety with 'Climax' as secon<l 
choice. 

O the r grasses Lhat have been used for revegetation in Alaska 
include ' Durar' hard fescue (Fesruca Jongifo lia) and crested 
wheatgra ss (Agrop yron cnstatuml. var 11es 'Nordan ' o r 'Sum 
mit .' These can be used on re latively -:iry sites that arP. not 
strongly acidic. Th y do not i)ndurP. as well , howevl!r , a~ the 
bromegrass and red fescue varieties, which also se111e on dry 
sites. Some variet ies and experimental materia ls of sheep fescue 
(Festuca ovina ) thaL are currently being teste-d may find appl ica­
tiorl in the future. 

A wheatgrass that h as shown sorne promise in reve9(ltation 
tria ls on soils near neutral to bas ic in pH is 'Soder' stn~amba nk 
wheatgrass (Agropyron rlparium}. It spreads by underground 
rh izom es, d istri butmg stems without ~ lot of basal leafage 
throughou t the occu pied area. Despite it~ name, It appears 
ru ited fo r well drained, relatively dry sites in the boreal 
fo rested region. 

Four variet ies of grasses were recently released by the 
Alaska Agricul tura l Experlment Station "thet contr bute to the 
very limit ed arsenal of plant matenals that can be applied in I he 
Arct ic. All are based o n collectiOns of grasses that are indigen­
ous t o Alaska. 

'Tund ra ' glaucous bluegrass IPoa glauca ~ consists of ~lec­

t ions derived from material collected n u r. tic. Alaska and 1S well 
adapted for arct1c use o n uplanrJ site~. IT has afforded e xcel lent 
cover on re$earch plots for over 8 year~. Tundra bluegrass Is not 
recommended for usc south ot t l1e northern tree line. 

'Alyeska' pol argra~s (llrcragrortis /at; folia ) Is bilsed on a 
num ber of collections made throughou l in terior to wcstcm 
Alaska. It is bettr.r adapted to wet si tes than Tundra b luegrass 
and is recom mended for use in t he Arctic as well as '" the 
western t o northwestern coastal tundra region and alpine tu n­
dra site~ that remain snow covered th rough the winter. 

'Sourd ough ' bluejoln t reedgras.s (Calamagrosris canadensis) 
also is based o n a number of collections m ade through inrerior 
and western Alaska. Bluejoint reedgra!>s is probably 1he m ost 
abu ndant grass in Alask a, occurring In a wide range o f habitats 
thro ughout the forested to coastal rneadow and tundra regions 
of the state. There has been Htlle seed made ava ilable of this 
variety because of difficulties fn seed production. OncE? Rst a· 
bl ished , h owever, the gras:s pt!r fo rms well on a wido rang& of 
sites th rough the fo rested to arcti c rag1ons o f Alask a. Both Sour­
d o ugh bluejo int and Alyeska polargrass haYe low seedl1ng v1gor, 
an d thus are at a d isadvant ge when seeded with moro vtgo1ous 
grasses. Seed ing rates should be reduced to accommodate these 
grasses in m ixes. 

'Norcoast ' Bering hairgr ass {Descham~ia beringensis) was 
released in 1981 , and t he first planting was made by a pnvate 
grower for commerc ial p roduction . Components of 1his vauety 
were U6ed for revege tation of disturbances on Amchitka Island 
in the Aleut ian Islands. They a lso have done well In reclamation 
tra ils on Iceland and in m oiSt- to-wet situations at Prudhoe Bay. 
Norcoast is rer.ornmended tor use in maritime and coastal 
m eadow and tund ra si tu ations; it also can be used in the Arctic. 
It is limited in use through the forested ragion~; ot Alaska be-



cat se of Its susceptibility to diseases, such as snow molds. that 
occur there. 

TURF GRASSES 

The two s~eci es best adapted for turf-grass use in Ali!Sk a 
are Kentucky blueqr<Jss and red fP.SCUP. . Private and publrc re· 
searr.t aganci!?i of St!v~~al cotmtrhh l1ave re leased numerous 
var 11t1es of lhese two species tor tha t pu rpose, many of whrch 
hav~ not been .ested loc.allv. 

!11 {urf tr•als at Palmer and ir revegetation rrals, the variety 
'Nugget ' has proved superior to o.her Kentucky bluegrasses 
testt:'cl I• is shorter growmg than most turf grasses and provides 
:J tlense, attractively dark colored •urf. lt resists the incursion of 
dandelions and other weeds better than other grasses and per­
form~ well with short mow;ng. It is relatively sl lW to green up 
in the spring, possibly because of he denseness of its growtll . 
Other varietiP.S that may be osed include 'Merion, Pennsylvc1n· 
;an in origrn 'SyrJsport.' a Swedish ·elease, a-nd 'Park,' a Min 1{;-

sota release. Par k has born inferior to rho other two in turf tri<.li s 
at Palmer The named varietres are more expensive than com­
mon Kl'ntucky bluegrass. but produce a supe rror turf. For 
roconomac reason~. seed of the more expensive va rielies can be 
blended WI n common Kentucky to establ ish a plan ting. Over a 
per1od of t ltrHl, the better-perrorming grasses sh oula assume 
dor-.,inance. 

Red rescue is finer leaveci than bluegrass and, though rh1zo· 
matous, does not spread as vigorously as bluegrass. It is l>eLter 
adaptfld to drier <md lower fe r ·•lilY regimes than Kentucky 
bluegrass. 'Arctaree1 1& the ecomrnended var i"tV for use 
throUghou· most of Alaska. 'Boreal' and 'Pennl:!wn' are sRcond 
chclces. Thr l.stter two a e rocommended ovor Arctared, how-

ever, for the coa&tal regions ot ~outhcentsal t o southeast rn 
Alaska. Blends of Arctared w• h Pennlawn or Borea~ may be 
advisable in some sihJa110ns. 

A possible ratlondl ·tor m1xed planti~gs, tncl..1dl g different 
varieties of bluegrass anrl . eri fescue, would be to provide a m•x 
of tolerances that can ur..~·ecl agomst different diseases. How 
evor, one or two well adapted e11tries will produce a rnore uni­
form appearance. 

Chewings fescue, a tufted form of retl fescue, appears in 
turf mixes sold n Alaska It has heen J poor pe lormllr in UJ f 
trials at Palmer and i mony revegetation rdals, as rt i~ Insuffi­
ciently hardy for A a-sl<<m conditions. It rossibly may serve in 
plantings along the coastal fora~ted U!g1on out to thP Aleut ian 
Islands. 'H ighJight ' is a variety producl?d in thP. northwestern 
states 

Bentgrasses (Agro$tiS sp / also occur in lawn mixes but 
oft en do not survive Alaska's winters. Because its growth habit 
perrn lls extremely illw mow ng, creeping .Jeruqrass i .. used on 
golf greens, where it r'!o•ivc> speci~l atre~"tlon Nevertheless, 
bentgrass varieties freqiJen tly must b~:: reseeded after sustaining 
winter lnjury. 

CONCLUSIONS 

The above recornr<u ndat ons are nr.cos'Sanly ba&ed on trial 
results and obsorvat.ons 111 m,. r•' iativ IV few dreas whr.rc agrioll­
ture and research etfons arr. currenrJy undnrway. The. fi ndrngs 
of other researchPrs, particulatly L J. Ktetw.sadcl. R. L Taylor, 
W. M Laughlin H. J . Hodgsor1, &nd A. C. Wil ton, have been im-
portant to the fo rmatron of thi'!SI! recommenrt;;tions which re­
main, however, the opinions of tho author. 
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A f1eld ntvillw of 'e/tN:cion lsctOf'$ for f)o tentiill Sites i~ IJerformed by ourdoDr-recrP.81/0n sp er:iaJi6t, Dr. Alan Jubenville, IJnrl D1111e Densmore, t!i'nvJrDn· 
m.:ntaf s.pecillfiSt. 

Using the Recreation C~oncept Plan Technrque 

To Assess Public Choice 
By 

Jo F~yh l • and Alan Jubenville.,. 

INTRODUCTION 

For many years, portions of the Upper Susitna R1ver have 
bEHJn s.tudied as a potential source of hydro~lectric power, ini­
tially by the U. S. Bumau of Reclamation In the 1940s and 
later by tha Corps of Engineers . As a consequence or these 
proviou~ assessments, the Alaska State Legislature created the 

• Ruearc;h Assistant, Aunct.~Jtura l ExparimBtlt Stat ton, Fairbanks. 
'Assocnat• P.oftliSor, Natural RIISOurces, Agricu ltural Research Center, 

Felrbenkt. 
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Alaska Power Authority in 1976 and directed it to begfn de­
tailed feasib il ity ·studies on the de11eolopmt!nt of the hydro­
electric potential of the UppP.r Susitna River. Proposals were 
sought in 1979 and the overall planning anD evalualion contract 
was awarded to Acres American, Inc. The environmental assess­
ment portion of t he contract wa~ ~ubcontracted to Terrestrial 
Environmental Specialis1:S, Inc., who, in turn contracted the 
School of Agricu lt u re and L• nd Resources Management ol 1he 
University of Alaska , Fairbanks, to develop the Report on 
Recreation Resources as st•pulaterf under the FPderal Energy 



Regulato ry Co rum1ss o n LJcense Appl'ca t ion Exhrbn E, Subtask 
7 (Acres America~ . Inc., 1980 ). 

In itial plo~nnmg began in the lattl spring and carlv summer 
t>l 1980. The basis fo r such a plan mng effo rt is the concept that 
re-t:reatiooal r lnnn ing, while> contro lling the ge 1eral nat urE! of 
Jeveiapmenl and minimrzmg undesirahle Im pacts, has another 

equ.tlly Important func tion - controlling the tYpe and quality 
of rec eational o pportunity to be o fter!id t o the puulic .1 

Smce rec reational oppo rtunities in a given area provide the 
follndation o f such a pia , it is necessary o l11 st lclentJfy the 
opportunities in this particu lar area an d describe them. Tho 
study team devewped the " co ncept plan technique" for th•s 
purpo~ - The con cept alan tochntque lnvo i!J es two basic steps. 
frrst, inventorying the resource in terms o f opportunity se lungs 
that can be .mstained over rl1~ lonp run and, seco nd, assessrng 
pubilc interest for a ran!Je of recrtlationa l opportun lti !!s that 'Ire 
wnhin the lim1ts JP.term ln .d by the resou rce inventory. 

THE PLANNING PROCESS 

Located approximate ly 125 air miles n o rrh ot Anchorage , 
150 air m iles south o t Fairban ks, and 70 m il•?s no rt heast of 
Talkee tn a, the proposed Susrtn a project study area ex.ter ds 
from The DE' nall Highway , up$tri]am, to Gold Creek, down­
stream The prel&minarv p lans f o r the current proposal focus 
on a two -d am developmen t scheme:a 635 feet -h igh, concmt:ll 
arch dam al Dev1l Canyon and a 880-foot-hlgh, earth · filled 
dam between Ts-us:ena and Dead man Creeks. If bull t , these two 
structures wou ld c reate elongated reservo irs wit h Devil Canyon 
Reservo ir being m ore than 28 m ilos long and Watana Reservoir 
greater than 50 m iles in le ngth. Tney would average Y, to :~ 

miles in w idth , except at Watana Creek where t he reservoir 
would be nearly 6 m rles wid e (F igure 1). 

The rec reat ion p l;mning ~:~ffort encornp115SES the imme­
diate rese rvoir areas, th e p ossible access corridnrs to the d ams, 
and any add11ional land~ recom mended for acquisit ion for 
rer::rea1 ion a I purposes. Al·hough the proiec, art!a oftors a 
variety of n?crean onal oppo rtuni Ues, it also poses some unique 
recreationa l plannmg p roblems - the steep, nar row canyon and 
the isolation o f lhe area. lf1 addi t ion, t he re are no comparable 
projects w ithin ·he region to use as a base line tor comparison o f 
the h uman and environmental factors involved . T he d evelop­
ment of access into the area wi ll hove a srgnifican l influence o n 
n~crPational planning. The locatio n and design of su ch access. as 
well as the types of recreati on faciltties anrl thr. level o f facility 
de~elopment, become crrtical to enco u ragin[J ~pecific types of 
recreat1on o pportunrties and desi red l!!\'els of u se fo r an area. 

From a l'lrtladl?r pers.pcctive , recreatio n p lanning and the 
res:ultmg development become, not e nds in t hem selves, but a 
means of implementino a m anagement p rogram that stab ilizes 
the type of oppo n unlty being offered . Included In such a 
management program arP. c lea rly defi ned, emphasized oppor­
lUni•ies and experience~ to be offered, the choice and locatio n 

1 T/111 tPrm, recreation opporrun,rv. has bEen defined as " the availability 
of a re<rl chorce for a user to part1cipar~ In a p referred act1vity, .vit/lin a 
orPferred settm_q far t /1Jt acrivirv, in order to realizP the rvpe o f ratirlv · 
mg ttxperiencer which are desired.'' Thvs, while the rtterll~t,onisr 1s main· 
lv concemed w d lt lr •Vmg ~ s<uisfactor y « perience, the goal o f the recrea­
t ion resource m;,m~gr.r rhen becomes ontt of p ro v/dmg rhe opportuni t y 
ror rf!!:reatio n •xPttrrcnces ·o take place (Uni ted Sr.tre.~ OP.Q/Jnmenr of 
Agriculturf, fortllt Ser-Jice, 1980} 
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F igure 1. L ocation of ihll proposed SUiltna Hydroclt~etrlr: Proj ec t. 

ot srte developments to ach1eve each par icular opportun[tY 
w rh the fewest ne~tatrve impacts, and the chorce oF rnanagem .. m 
co n1rol t o protec t these Pxperl•mces and reduce impacts that are 
impos~i b le t o eliminate through the plaronlng effort. 

Concept-Plan Tech.niqlle 

The concept plan techmque involves the dnvelopmcnt of a 
se ries of recreario nnl concept plans that deprct an arcay of op­
po rtu nities t hat could he d~velopcd and manag~d for an area. 
These plan~ should be cased on a resource nventory of possible 
opportunity sottings m the area that would then be iudged by a 
representative sam plt of possible users to rletiHmin!! their pref­
erences. In theory. the hnal concept plan would then fit the 
resource and the preferences of potential users. Secondary op­
portun it ies , sl.lch as those offered by the small, natural lakes in 
the Susitna basin locateel adjacen· to the propo~d access road$, 
could a lso he developed, so long as they d1d not detract from 
t hose p nmary ones identified 1n the sa lecltttl co ncept plan .~ 

2 The selectoct concept pl;m oo~ not 11ffect m anv muntter rh11 dec1s1on to 
bu ild o r no t build tha hvdrt11•l~1r•c project Th~ C'Or!ClfPI pl11n onlv re­
flect! w lw r is ~:·•~troflmtmtnlly •rnd rtt>;reationaffV lrJit /)/e for the pro;ec r 
<~ro;J Jod rfle -ggreg:are 1nreresr o f th purtrtlilll •11mg pubilc. H th1 pro­
iecr is approved and th,. dl't.ts•on is made to liuild tlrt dllf'tiS, !he fmaf 
1~crearinn plan, based on h1s tunc:11()t phm w11/ reflect th r(!Cr<:.ttlon 
apf)lJrtcmities :waHiJble within ti11J ptTJj"Ct Jrtlll mrl the Jubsequttnt 011 
Cl siOfl$ on a cCe$S amlthedfw·gn rmd op~rat10n of rile d.9m faciliTies. 
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Figurt! 2. LocatiOn$ iind Type of Sitf.>J Selected lor Review. 

In th~ su~itna roject, the reSOllrce invento y includes 
" tn·':iU tability stl..ld1es With in the project area, wrth the major­

tty ot the potential recreat1on si tes located around the pro­
posed reservoirs . The suitability studies Involved developing an 
in•1entory of potential sites In the laboratory using aerial photo­
g aphs and topographic maps {Figure 2). and then conducting 
an on-s;~e evaluation of each. Topography an<J proximity to the 
re-servoir were tile original crtt"ria tor selectron. Final selection 
!actor::; used in the field 'lCiuded me stahil iry ta comblnatron of 
~olls, ve~tttatlon , and top()jjrctphy), rcr.re.aticm deslrabtlity {si?e 
of area, lay of l,md reldtlve accessibility, and 'tli~itor saf-ety). and 
sc:F>nic quality Any ~ites JurfgP.d Ul1sultable bas<ed on th~e 
crnerla were eliminated from further consideration Uu bemville, 
19801. Th!! preliminary ~election of potenti<J I 5ite!; for recreation 
developnH!11l i~ shown in Fiqure 2 and the fmal sel~ction of sites 
judged suitable on the basis of the fie ld evaluation is ~hown In 
Ftgure 3. 

Based on me resu lts of tile suitabihty stud1es, the next 
step was the development of a ~cries of fwe concept plaPs that 
rt!pl ~sen ted dilfen r t .. ccnar os of recmattoo opportunttles, 
rangmg from 1he purposeful avotdancc of public facihties in 
combination with restricted ilCCess to the devtdopme o1 
mos.t of the identifred potential s1tes (Figure 4 , next page) . 
ThP.se concept plan5 we e thfln lncorpoi'Clted nto a question-
naire tha' was mailt!d to a rar t1om sample of residents in Fair· 
b<mks, Anchorage, and the Rallbah, the locations at the majori· 
ty of potential user~. 

The Concept-Plan Survoy 

"fhe objectiuo of th is !iurvey wos to provide Increased public 
participation in the concept ohtn selection process- by identiiing 
that por•ion of the recreatior opportunity spectrum in which 
the major i lY o~ I he pultlic woulcl preier the recreation plan be 
focused . .1 

) Tin; worprinrr ('I( rh~ Flt>erl5tr~rm Dopartumry Spec..trum or ROS 
has t;.kfn '"""Y torms bur r~JJJrdl .. 1 of lllt>te desr.riJJtt()llS, rhere utuilf{y 
li'XtH-' a tangs of ooportunrrt rerrmgs. and conditions. thar stem from 
mod(frrr to pr~mtltv~ th••l ·~ n~11d 10 lolfr/1 t/Jfl ddft:rPrrl nP.P-rl., motiVB-­
rron$ ana pref11rences ot recreartonrsrs. Tht! typJC.a/ r:arrrmuum aftt" 
~~low~ JP!"C•(IC loc1 for mod;.m, Sl'mrmm1ern lemiprtmiv've and primitive 
opportunl!rtts (Jubonvrllt!, A., W. G. Workm<ul, und W. C. Thomat. 1980}. 
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F1gute 3. S1t11.r Sttltcwd for Prooosed R«rtJIItion OcveloQminrt. 

The questronna·rc was sent to a random sample of residents 
of the above "\amed areas to dP.termine thmr preferred concept 
and how the various types ol users rear.! to ciif1erent propo!><lls 
of access and facility developmfflt. This information 1S ~e 

essential underpinn ing or the total rianning proces.~ since suc-
ces.liive dec•sions ar~ dependent on the narure of th9 selected 
concept plan. A follow-up postcard ;,nd a subsequent question­
naire were also ma1ltd ou t n an effort to secure rhe des1red 
11umbcr of rasponsos 

A total oi S02 questionnaires., 23% of the total mailed, 
were completed and returned; 1pproximately the same number 
wa.~ retumed by the postal so1 vrco boCI:luse thE! a.ddres.jjac had 
not provided a forwarding tJdrlress. The total numbP.r recl?i\le<J 
was considered adequate For analysis of the preferred conc-ept 
pl an. Chi -squarP analysi~ was performed on concept plan cholce 
in relation 10 region where rhe r ~:~sporn~en t hved and hi~ per­
ceived 11festyiP - urban, rural, or 1untl remote! . Ther~ wert! no 
significant differences In choice baser! on re1)1on o r lifesty le; 
therefore, the data were agg1egated for ~:~nalysis of the concept 
plan choice. 

Thase aggregared data a e shown in the follow1ng table. 

Table 1. Results of Concept Plan Survey. 

Mo!>t 
Favored Fairbd11ks Rail belt Anchorage Total 

Approach A 22 29 39 90 (17.9%} 
Approach B 38 1\0 42 l20 (23.9%1 
Approach C 17 22 29 69 (13.6%1 
Approach 0 20 27 25 72 (14.3%) 
Approach E 52 38 62 152 (30.3%) 
Tow I 149 156 197 502 (100%1 

INTERPRETATION OF RESULTS 

Concept plan Approach A represented the purposeful 
avoidance of public accoss and racrlrty development <Jssoc1ated 
with the rcservo·r. This approach was favored by only 17 9% of 
the QUe$tionnaire r~>spondtm~s and tor th1s reason it wa!; e limi 
natr-d from furthor c onsideration. Thi$ decision rs also consis· 
tent with 1he relatiVI.'IV easy access to much of the area that 
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Figure 4. Concept Plans Representmg 
the Spectrum of Recrearional 
Opportunities for the Susitna 
Hydroelectr;c Project. 
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F1(Jurrt 5 . RecommendltO Concepr Plan. 

will probably result If acct>ss ro..ds are bUilt for thtl comt1 uction 
and maintenancn of 1he dams. Any attempt to restnct access 
and manage the area as a prim 1 ve, recreational op.,ortun•ty SIH 

ti ng (wilderness), therefore, would be eli· 
rnmated by the construction of $UCh road5. 

Approaches C ar d D repr{lSented 
compromises; n f'Bch case one reservoir 
having more faci lity developmP.nts than 
the other, and Approach D being sl1ghlly 
more developed than Approach C. Most 
respondent$ were not ·nterested in thn 
mixture.> o low development at one reser­
vo•r and medium development at the 
o ther As il resu lt, appro:lches C and D 
were ehmmatdd, even thouqh e ach would 
have marie pos~>ib l e the d~velopment ·1nd 
ma.,agemtnt of a v rtR y of opportun tv 
settings. 

Th•s I ft Approaches 8 a• d E as the 
primary cho•ces 10 serv~ as the framo­
work tor ne project Report on RecrPa­
tion Resources. Neither chou~~· was f~ 
vored by a large proportio of the r~soon­
dents. Approach E, reprer.ent ng the de-

I 

/ 

·, 

\ 

\ 
I 
\ 

Furthl!r analysis of tho unsolicited commP.nts from these ques· 
tionnaires mdicatod that facrlrltes should bo developed and 
managed on an as-needed ba 1• , storting with minimal facility 

servrces anct t:)(pandrng only when de­
marrl war a ts it. 

By combining the information ob­
tained from the two steps of the concept ­
plan 1echn que, a hyb1rd of Approaches B 
and E was selecten as tno recommended 
conccp· plan (Figurl' &) tna would meet 
the allowing cmeria; 

1 The developmen ts proposed for the 
ftrst three years wil l be essentially 
the ones shown m Approoch B. 
Emphasi~> ..v1ll be or\ rustle fac lit ies 
and lrmltcd services. Primrlive 
camp rounds located near the dam· 
si e~ ,,.,.ill bl!' designed to accomo· 
date all types of users anti permit 
fub.Ho expansion. 

elopment end of the spec um, was 
favored by a h ighc.> propo tion ot •espon 
dents, 30.3%. Approach B prov.ding 
rl'asonabl· access but lrmrted facil ity de­
velurment associ1ted with th11 reservoirs, 

<ts the second ov.,rall cho•t:~ and was 
favored by 23 9% ot fhe respondPnts. 

Plan• for 11 tr1111 to the WRterl11/s on Dsvil Cre.el< 
91~ ifltitoiT add,r{omtl opportumtitJJ for P<~rti 
cipation. 

2 Afte r the first three years, long· 
term development will focus on 
the potential exi)<Jnsion of the 
caf'T' pground at the damsites, as 
well a( a ~Y~ tern of trails a.,d boat· 
tr campgrounds drouno thE' reser· 
voir; A delay in 1he nevelopment 
01 hw boat in facilrt ·~ will bene­
cessary unt il the rtservolrs are 'riled 
a nd the effects o f shoreline stabili­
ty and cro~ion can be evaluated. 
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3. In this manner, the semiprlm1t1ve oppo1 tunlty setting 
wi ll be mamtained w1th an emphasis on rustic d evela r · 
ment and 11mueu se rvices. While initia lly the plan will 
b P. s1milar to pproach B, it cou ld late( be ex panded 
through th~ devclopmen , of boat· in fac ilit ies toward 
Approach E. Thi& will also pr eserve th~ o ption of pro 
v•dlng additron al commerc ial services, such as a service 
sta tion, camp store, o r lodgmg. Bul on ly if such devel­
opment can be shown to be l!Conom1cally feasib le: and 
designed to be recreationally and architecrurally s Jitable 
to the o pportunity setting. 
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Or. Donald E. Carl ing has joired the 
staff a f the Palmer Research CenHH a~ an 

i15Sistant professor of hort1c ul ture . A 
plant pathologist by trainmg, Dr. Carling 
will be workinq with disea3es and r.u ltu ra l 
practices for seVe'al vegetables and fo r 
JJOrat oes. Before coming to Alaska, he 
was w•rh thd VIrginia Truck and Orna· 
mental Research St.atlon , a stat e in~ti tu · 

tion se rvrn g the ornam enta l and vegetable 
lndu tries or eastern Virginia. Dr Carling 
received a Ph D. In plant pat h ology while 
working o n mycoplasma diseases in plants 
and an M. S based on his work w ith 
latent virus d iseas.es in app les. Both de· 
grees were rece ived from the Universtty 
of Missouri. The Carl' ng family also ln· 
ciLJdes w1fe Amy and the couple's two 
daughters, Adnslnne and Sllje . An out· 
doors enthus.an, Dr. Carlmg enjoy~ hunt­
Ing, f ish t'lg md sloing. and so should feel 
right at home In the Matanuska Valley 

Dr. Carla Kirts has become the Un i· 
versity o f A laska's fi rst assistant professor 
of agricultural educat ion. Dr. Kirts comes 
to rho Alaska Ag-ricuhurat Ex per imem 
Station f rol"' the University of Missouri a t 
Columbia wher'l she rece•ved her Ph. D. 
in agricu ltur~l educat ion In 1981. She is 
one o f on ly three wo men hold ng th is de· 
gree na tionwide. Dr. Kirts received her 
Bachelor of Science degree in agricu ltura l 
education in 19 76 and her Ma~ter of 
Science degree in vocat10 nal l!lch nical 
education in 1977, bo th from Virginia 
Polyt echn ic Instit ute and State University. 
Wl1 1e in V1rg1n1a, she t augh t vocat ional 
agricult ure In a special program for d isad­
vantaged .s udents. Dr K1 rts sees her wo rk 
n Alaska as th reefold : she will be work· 

mg w1th high· sa1ool and pos~- secondary 
teachers in \•OCatior al agnculture nrough· 
out the state, she w ill hr. teaching in the 

Notes 
Univ!'rsi tV of Aldska's bachelor of sc ience 
program in natural resou rces management; 
and she w•ll be assessing the neert at the 
unwersi ty fo r establishmen t of a degree 
program In olgueulture or in agricu ltu ral 
education. 

Dr . Stephen D. Sparrow soi I scient ist 
w it h t he Alaska Agm::ult~• ral Expe r im~ont 

Station , has rece ived a $191,000 grant 
from the Alaska Council on Science and 
Technology to conduct a three -year 
stud y en titled the " Fate of Fertilizer Ni­
trogen in Alilricul tural Soils in In terior 
Al 'lska." Cooperating w ith Dr Sparrow in 
the study will be Charles W. Kn ighr In­
st ru ct o r o f Agron omy. Wo rk on the pro­
Ject will com mence early in 1982. 

The 5tudy was found to be necessary 
becausf' increased agric,Jiwral develo p· 
ment in Alaska has given rise to public 
concern th .lt increased use o f n itrogen 
(N l fert ilizer wtfl result in nttrate poilu· 
tton of surface and gro und wa ters. Als.o, 
With the Increas ing cost o f fertilizer nitro­
gen, there is a need to find ways to mini · 
mize fert ilizer N losses fro m soil and to 
m <1ximize N -use efficiency by c ro ps The 
research will study the various transtor· 
matiOI'\5 and fa te:. of ferti lizer N m 
A laskan soils which affect loss a f N fro m 
soil and ut rlizaru;m by p lants . T hese in 
elude ni trificatio n, Im m obil ization a11d 
mineralizat ion, leaching, and gaseous loss 
of N. The re-sults w ll be used to make 
recommendations to farmers and to 
p olicy planner!> on met l1ods of man~ge­

ment for best .JSe of fe rti lize• mtrogen. 

George R. Samps~>n. research fores ter, 
has become an affi liate assistant protessor 
with the Alaska Agricultural Experiment 
Station. He is Alaska 's o nly researcher 

with the USDA program, Fores• Produrt~ 
Residue and Energy Program, and, as 
such, also works with the USDA's lnstl · 
tute of NorlhPrn Forest ry, also on the 
Universily of Ald~ka campus. 

Mr Sumpson ~A~mr. to Ala~ka from 
Ft. CQIIim, Colorad o, where he w as with 
the Roc ·y Moun <~in Forestry and Ranqe 
EA perlmPnt Station . There, he conducted 
~ udlll:S with 1he forest products ut iliza· 
tion n•search work unit. He received his 
Bachtdor of Science degree in 1960 in 
.ores • management from Iowa State Uni­
v~.>rsity and a Master of Scumce deg reu in 
1963 from the Unrvflr>ity of DeLaware in 
the area of agricullurn l oconomacs. 

'vVith hrs wife, Carol me, and children, 
Meg, Coleen, and Jeff, Mr. Sampson en­
joys cross counrry ~ki ng, fishing, and 
hunung. 

Dr. F. M. Husby was an inv it!td 
~peaker at a natfona l seafood waste 
management conference ti lled " Seafood 
Waste Management 1n the 1980's" hr.ld at 
Orlando. Ftorida on September 24 , 25 
26, 1980. The conference vva5 sponsored 
by tf"le Ur>iver5ity of Florida Sea G ran1 
Manne Advisory Program. A paper en 
tirlod "Ut'li7ation or shellfrsh meals In 
domestic livestod rat1ons," c o authored 
by Dr. A. L Brundag11 and Robyn L. 
White, was presented. 

Ot . Keith Van Cleva, D1rector of the 
Fore~t Soils Laboratory (AESI h as r-a 
lurntd from oM yean sabbancal lei:!ve a 
Mer!ewood Research Station, Grange · 
O'ier-Sands, Cumbna, United Kingdom_ 
In h[s work I here, he examined t h e tech· 
n ques of nuuiun analysis u~ed at th~ 

Mer !£!Wood Research Stations lnstitu te of 
Terrmmiar Ecology. 
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Fertilizer Requirements for Barley 

Grown on Newly Cleared Land in Alaska·s Interior 

By 

Gary J Michaelson" , Frank J. Wooding••, and George A. Mitchell '" 

In 1978, the staw of 
Alaska. n cooperation with 
private farmers, beyan large 
sc.ale agricultural develonment 
with lhP Initiation af the 
60,000 ac re Delta Agricultur· 
al Project. This acreage will 
lncrea'le total land ln crops by 
s"x fold in Alaska and by oight· 
fold in tile Delta area (Brown 
et al., l980J. 

Very ltttle research infor 
matton Is available an crop· 
production l"l!quirements fo r 
this region. There is a need 
for more detailed lnfotmat o n 
on rhe fertility of the Mwly 
c leared s.oil~ along with re 
search on othet phases of c ro p 

Ferri liZPr trl,,/ plot area m spnng o t 1979, Tr<JCC F , Denms GtftP.tl FfJtfl'l 

Forti lize t eatmcnts con· 
s•~ted of 0, 40, 80, ancJ 1 20 
pounds of N per acre. 0, 30 , 
60. 90 pounds of P per acre; 
and 0, 30, 60, at,d 90 pounds 
of K pet acre. (All N. P and K 
rates are gtven n elemental 
torm . To c onvert P to P2 0! , 
tnulliply by 2.29, and to con· 
vert K to K2 0, multiply by 
1.20.) All comhln.Jtions of 
these N, P, ;rnd K rates gave a 
total of 256 plots. Nttroqen 
was applied as urea, P as 
1riple superphosphate, and K 
as munate of potash. To pre· 
von1 possible sulfur dofic en· 
cy, powdered e lemental sulfur 

productton. Because of the large-scale fertilizP.t investmen ts 
which m11st accompany such development, information on ferti· 
lt!er response is especially impot tanL Ferttltzer requiremen ts for 
optimum crop y1elds In thP. first years of prod uction are of spe· 
cial interest In D!!lta Wtth so many acres being cleared and placed 
into production In a relattvo ly short period of time. 

In 1979, " 2-ycar study was initiated ro provide Farmers 
wtth basic guidelines for barley fert ilizer needs on new agricu1 · 
tural land. The Investigation Involved test;ng the effects of the 
addttion of the primaty nutnents N, P, and K, individually and 
·n combination, o n y ield and quality of barley . 

METHODS 

Plot preparation began in May of 1979 on tho Dc>nnis 
Green farm, T ract F. The soil was a Beales silt loam (Ty p ic 
Cryopsamment) which had been c l>?aroo tn J anuary of 19 79 
(Table 1 ). The native vegetation of this site was a mixed pop lar­
~pntce forest. After clearing, the area was disked and ro totllled 
and the larger roots removed by hand. The remaining o rganic 
surface litter was incorporated to a depth of approximately 
4·5 inches. 

• Laborarorv Ttchn1cian, Agricultural Researeh Ct nter. Palmar. 
•• Associ.ne Profea.or, Agronomy, A;rlculhmt! Exp~iment Station, 

Fairbanl(,. 
• .. A.ui!sfan~ P1ofnsor. Agronomy, Agriculture! Flesearch C.ntar. Pal mer . 
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was ilpplted to each plot at t he 
rate of 21 pounds per .;ere. Thl.' ter liler treatments were applied 
by hand and incorporated to a dP.fHh of 4 inches with a single 
pass o f a rototil ler . 

The plots were seeded with Otra barley ln five 1O-ft. rows 
per plot wnh a 7 · in . spacing The seeding rale was 100 pounds 
per acre. Otra vnriery was used because it is relatively early 
ma1 uring and has yielded well in long-term variety tests per· 
for med In tho Del ta area lWooding 1!1 al., 1978). Each Individual 
plot was. reseed ed and rcft>rt1hzed the same way in the 1980 
fie ld season. 

In 1979, barley was p lanted May 26 and harves ted August 
21. An area 1.8 x 10 h . was t>arvested by hand from tne center 
of oach p lot and a mechanical thresher was used to thresh the 
gra1n. In 1980, barley planted on May 15 was harvested on 
August 2 0. An area 3.5 x 8 ft.. w<~s harvested from the- center o f 
each plot wnh a plot combme. Grain ~amples were taken from 
each plot for yield and protein rletenninatloo Grain subsamples 

pH 

Table 1. Properties of Be.alas S ilt loam after Clearing and 
Before Fertilization. • 

OM 
Oi 
t O 

N p K C.E.C. S<tnd SI t Clay 
- - - % --ppm- - Mcq/100g 

--------------~ ---------~--~--------------· 

5.53 3.2 11 9.5 80 1 , 34 55 11 
• p H (lalenp •ned by 1. I s.oil-to-w;ne-r m"rl"lod O.M. by W kt!'y·81nck; N 

{arnmon!um ... n1trate · Nl bv 2"1 I<:Cl excraction, P by Broy P· l I< by 
neutral 1 N NH40Ac extraction. C,E.C. by NaOAc: malhod; and ti!Xture 
by Bouvoucos h ydrometer method. 



~~~<ere ground te pass through a 20 · rne:sh screen and an;~lyzed for 
pror1 1P I'J using " T1•cholcon Autoanalyzer Osaac aud Johnson, 
1976). 

RESULTS AND DISCUSSION 

High grain yieMs warP. 66 bu~nels rer acre In 1979 and 74 
bushels per acra in 1980. f igures I ~h rouQh 4 oresent thf. a~~>r 
agr responses to vanous N, P, and K combinations. 1 he averagP. 
overall gram 't lelds were higher in 1980 th<m in 1979 (F"jut \; l 1. 
rhe ra nfdll riunng the rwo growing seasons was ~ rilar, w •h 
the Clcarwalt'r Station reponing 8 0 inches ln 1979 and 9.3 
;nc-he!> fo r 1980 (April through S~prPmbe r ra nfall) . The h1ghor 
yields 111 l 980 may !)e a ttl buted '" pa1 l, 10 incrr.ased soil levels 
of N, P, and K rluc to fertlli.ler carryover from 1979 to 1980 
(TablA 2). Relatively larr:w differences ·n fros1 depth at time of 
planlmg wem observed between 1979 and 1980. In 1979, w;th 
the land being newly cleared, the ftost was 2 Ia 8 inches below 
the soil surface at •ime at plantmg, whereas, n 1980, a full y !!ar 
after cl1!aring, the frost was more than 16 inches below tl"w 5ur· 
tace. The cooiP.r, spring, soil t empnratu res in 1979, th e Y"ar of 
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land· clearing, may have ,.etarcled uermination , root growth, ar1rl 
nutrient availability (Blac-k, 1968) and contributed to lower 
overall y ielrf s. 

Nltrognn. Grein yields were increased oram .. ticallv by the 
addition of nitrogen fer tili7er both years (Figure 1 l Approxi· 
rtlately equal incraases in yield were obtai ,eel w th each 40· 
pound per-acre N increment in ahc t rst year. In 1980. the 
second year aft~r clearing, hr!]her v•nld~ were obt.<lined at each 
level of N fert1llzer hut tnc amoLont Of ncrcase in yield With 
more than 80 pound:oJ>er acre N appheu was less. 

lo 1979, more ierti lizer N may have been used by 5oil 
microbes in the breakdown ot freshly 1or.orporated organ1c 
matter, leaving icoss N a\•ailabfe for grain production. This N im­
mobi lization process, in combination w1th tne r:oole tnitial soil 
temperaturPs after clearing, m;JY have contribut11d to the re­
duced N r-espon$e thl) frrH ye.~r. 

Phosphorus. The native soil wns def1cient in P tor hrgher 
levels of gram production . TI'ir!y pounds per acre P produced 
relatively la rge increases in yield. Very littl .. or no yield in· 
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Table 2.1niHal Spring SoiJ · Test l evels (1979) and Spring Test 
Levels Prio r to the Second Cropping (1980). 

Plots Soil Test Levers • (ppm) 

Fertilizer Rate lib/a ) 1979 1980 Dlfference 

N 0 10 a•• 16 
Nitro gen 

b 6 b 
40 11 a 16 b 5 b 
80 11 a 18 a 7 a 

120 10 a 19 a 9 a 
Phosphorus 

p 0 8.8 a 3.3 c ·0.5 d 
30 9.2 a 13.9 b 4 .7 c 
60 9.9 a 16.0 b 6.1 b 
90 10.2 a 23.5 B 13.3 a 

Potass,ium 
K 0 81 ab 64 b -17 d 

30 74 b 70 b - 4 c 
60 87 a 92 a 5 b 
90 79 ab 94 a 15 a 

• SoH I'll detl!rmined by 2N KC1 •ll<t ractlo n (values are ammonium ~ 11i-
lrll 'II, soli P by Bray P-1 extr11Ctlon, and soil K by ni!1JtrRI 1 N Nl 14 
OAc o1xtraction. 

• 'Meons w ltJ1m each lert1ltl1!r sod e:~ch yea r not followed by ,, common 
lene• aro ~•in ficaMly d ff~ren 1 at 0.05 lev61 bV Duncan's MRT Values 
•• D averao~s of 64 obser,..atlons. 

Feniliuu diffl!rorrc.os shDIV up a/Jfly es b~rlcy flmtuyes in early June 1979. 

F11n, Uzer rrial g/ot ar.a lust btl fort hi N est m faf/ o f 1979. 
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creases were obtained with greater P applicatio n rates Wigure 1 ). 
Phosphorus applied ~~ 30 pounds per acre Increased response to 
N fe rti lizer both y ears (Flgure 2 ). Withou t P applied 1here was a 
drastic reduction in N terttllzer response. 

Potassium. Grain yield was increased each year with tl1e ad­
d ition of K fertilizer. Potass ium appli&d at 60 poonds per acre 
resulted in the highest y1elds I Figure 1 l and was important in in · 
c reasing yield responses to fertilizer N at the BO and 120-pound-
per· ilcre N ra tes. The ad d it ion of 60 pounds per acre I< became 
even more tm porrant in the second year of production, the f irst 
year's produc tion apparently having drawn on nauve ~oll K re-­
se rves (Table 2). 

Grain Protein . There was. an Init ial drop In protein concen· 
tration between 0 
and 40 pounds per 

Barley grown withou t fenifi7er yielded IItty 

poorJv, f~ll 1980. 

acre N and be· 
tween 0 and 30 
pounds per acre 
P applies I Figure 
4}. Th is protem 
drop was due t o 
the d ilu tion ef-
fect w1th the larg" 
yiold Inc• eases ob-
tained when botl'l 
40 pounds per 
acre N and 30 
pounds per acre P 
were appl ied (F ig­
ure 1 ). Applica­
t ion or 40 to 120 
pounds per acre 
N Increased grain 
o ro tein con tent 
both years {Fig­
ure 4). Tho addi 
tion of P or K 
had very little In­
f luence on grain 
protein. 

Phosphorus fertilizer app lication ~tffects bor/J yi•ld ;md maturity of bar· 
ley. Bo th plo ts received 120 p ound$ per tiCre N bu r th• plut rm thtt r igh t 
received no P whereas the p lot on the ltlft ww f~trtilizlld with 60 p oundt 
per acre P. 



lndlvidufl/ heads o l burley show diffenmctls in matUfll / and size f o r bilf 

ley ferrilizf!CI witlt 120 poun ds per acr11 N und 6 0 pQUr!d$ Qer aero P ftrft) 
afld lurltw ferrlli,~d wi rll only 120 pouod.~ ptY acre N l n gh r/. 

SUMMARY AND CONCLUSIONS 

Ninogen fe rtilizer increased grain yields up to t he highest 
ltNel appl ied 1120 po1..nds per acr"l both years. A grea er r~· 

sponse to rhe first 40-pound ·per-acre increment of N ;mrl 
higher y e ld lev ls we re obtained rn t he second year of produc· 
lion . A reduced positive response to N above 80 pound& per acre 
applied N was observed (he second year ot p roduct.io0. G ain 
P• oteln Lonlan t increased with application crf 40 to 120 pounds 
PN acre N. 

Phospho•us applied at 30 pounds per acre was essent1al for 
significant grain yrelds ami i n cre~ed N responses both years. 
Phosphorus had VRry lit tln direct pffect on gro in protein con· 
tent. Potas~•um •ert ili zation mr.reased grain yields both years 
rspecially a high~ r ratAs ot N fertili zation (80 -1 20 pounds ocr 
~ere) . An optimum ra t~ o l K tarull z.ation was found to ba 60 
pound~ f)Cr acre K. Sixty pouncls PN acre K was It e most 
e'fect iVP. rate: ond was necessary to main tain native soil K leve ls . 
There was little d1rer:t effect ot K on grain ptotein content. 

The optimum fert ilizer combin<J tlon was 120 pounds per 
acre N, 30 pounds per acre P, and 60 pounds per acre K, which 
oroouced high y ields with high protein contents. 

As the new y ciFar t!d pro ject so1ls a re fertilized a'ld cropp~d. 

5oil 1ests w ll become more important rn as.sessing of') limum 
rate~ of N, P, and K fertiliza tion. Work is currently underway to 
calibrate soil tests for Delta so ds so they may be used in com­
bmation wilh fert ilizer response in'o1 mation to more accurately 
predict fe rt ililer needs. 

The Beales sil t loam used ln th is study is only one of five 
major soil saries occurring in the Delt1 Project. Tile natt. ral fr.r· 

The highest viold< were r>Drained w1tfl llppltC<HIOrJ of (J/1 tflroD lsmMt• N, 
P. antJ K a l m tllrr p lor .vh•ch r iJCIIIfltld 120 pourrdt P~'r ocru N 90 fiOtJndf 
per tlCre P and 90 pounds~' IIC.rP. K. 

HJrvustmg thP ferrilinr trJJI plots ln AIJ/1Uft of 1980. 

tility and response to ferti l"rLatio• may vary w1th IOC<Juon ancl 
soil. More research is needed on other 1JrOjilct so.ls to assess soil 
variability 
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VIsitors o the University o· Al aska Da ry Research Cente r 
at thf' Matanu~ka Aesearrh Farm are not su rp rised to sec Hoi­
Siein cattle in the mode n d a1ry barn and adjacent pastures. 
After all, dairy ··esearch 1s abour herd man agemen t, breeding 
and ~el ct on, n• r1· on, and othtr aspects of th e da ry "ndustry , 
nd rhe ren .>ten~d Hol~nln her-i i<> an impo• tant component o f 

that rasearc''· 
But, w nat ubout that small herd or cows standing on the 

hllls1de and in the lov. r pastu e w ith tt-ei r calves? Most are 
cream coloted and none of them ook at al l I ke the Holsteins up 
at the dairy bar"l Unlil<e th& d aify herd, v.rh ich spends the w in­
ter months pamperer! and sheltP.red in the barn, they spend the 
wintur outside w1th a lean to tor shelte r from the e lements. 
She ter does not 'teem t o be o -najor consl(lerat ion, for they do 
aU 1ft! well out~ i de in SPit{, of w ind and subzero cold 1hat occurs 
in Southccmra! A laska. N'.llthe do they appear t o be bothered 
by ratn or snow 

Th~se , nimals are p1n of a small research projec t that 
starled In 1975 when thP fi rs t Holstein cow was arufically in­
seminated wi th I ozen Betlfalo semen from California. Beefalo ­
for some that conjures up Images of a stockman's dream come 
true. By crossbreed ing the American Bison with domestic beef 
cattlo, the cattleman can h ave the h ardiness under harsh condi­
uons ot th r: b1son tempen d with m any of the desirab le tra its of 
domestiC' 1>. 'lf canlr. 

It Is a dream tha t s 'lrted when Agriculture Cani>da init iated 
a species crossing mc:periment W1lh domestic cat tl e and North 
Artenr.an bison In 1916 (Ke ller, 1978 j. Th at project st arted 
with six ~en cow'l and four bulls (all 25 -75% bison ) purchased 
from a private brt'ede In Ontari o Province . It ended in 1964 

with many questaons about bison c rossbreed my stil l unanswered. 
A prime C~'P.Stion w as, With high-pe rfo rmance purebred and 
crossbred domesl·c ca l le. d1d the bi son crossbreds provide 
sufficient advantage to ou"Weigh some c f the problems en· 
countllr l in breed1niJ and l"lanagement? The answer was a 
qualifietl 'no" if ex f erne h ard mess is of lower pt io ri ry under 
changlng ...,dndQI ment S/SteMs and winter f eeding patterns. It is 
il ~o o. qualtt"•d "ye•" 11 mals are expec-ted to fend fo r thl'm­
s lv sIn northerly la·itudes where extreme cold and snow cover 
.ore cornmon for long pertods and when tnsect In· esta tions 
occur. Cattalo, as they were called m Canad a, exceeded Here­

fo ds n ab1l ty to withsta d extremes io weather but were 
somewt' .tt lnferlot in overall performance. 

Stockmen, especially th!! Burton Brothers, on Kodiak Is­
land read abou t similar studies being done private ly in Cali fornia 
by the Ba~olo family These an imals were called Beefa lo and 
were 3/8 bison and 5/8 domes j c beef p rimanly Charola ise 
1nd Hereford. Th"Y wem repumd to h ave the desirab le com b ina-
11on of charact1 nst1cs souqht. The ranchers at Kod iak wondered 
11 the Beef dlo mtaht he an answer, at least in pa rt, to ttle harsh 
winter~ of Kodiak !~land . 

They asked Dr . Do~ To mlin , the animal scien ist a t the 
Fairbanks RP.search Cente1 , a nd me if we wo uld he lp th em in­
vestigate this p ossl b I y. Both Dr. Tom lin and I were skeptical 
about the cla1ms made for Beefalo. HP. had only a small herd of 
beef cattlll in his research p rogram and so we agreed to breed 
selected 1-folsteins at the Dairy Resea rch Cente r with Beetalo 
s men. AlthOU!Jh t his v.as expedient under ou r c ircumstances, 
using the Holstein in the cross d1d provide genetic components 

"Professor, Animal Scl11nce, Agrlculturat Research c~nter, P'lmer. 
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1 Alaska 

<1<11 .'tC$11/JtL·Ir Farm. Not 1111 ar:J Cnilm colored. 

for stze and m ilk p roduction. This proved advantageous to dam 
and cal f perfo rmance. 

Ou r fi rst cro ssbred Bt)t!falo x Holstein was born or 7 
Feb ruary 1976, a bull ca lf. The second also was a bull calf, bom 
26 July 1976. Both hulls were sent to the Burto ranch o n 
Kod iak in 1977. The first has survived the harsh Kodiak w1r ters 
and has sired calves in the herd the second was not a vpry desi r· 
ab le an im al and d id no live to sire offspring. 

Five female Beetalo x Holstein crossbreds were born at t.he 
dai ry center and formed the foundation of the present herd. 
Needing females to expand the herd end increase the genetic 
contribution of Beefalo. we instead have had seven 3/4 Beefalo 
bu lls f rom mating Beefalo/Hol-.;te1n back to Beetal o. Several of 
these have bel!n leased t o stockmen m Alaska tor breoding pur· 
poses In ltre ir he rds. 

However, wP. ai'5CJ l1ave one 7/8, two 3 /4, and two 5/8 
Beefalo females fro m au1 brr.echng program, making limited pro­
gress toward ou r onglnal goal of rlevelop1ng a small h erd of 
cattle with predom in:antly Beefalo breed ing to be used in m ar t· 
agement and nutri l ion Hudies. The Baw lo fam ily is supportin g 
this effort through the donation of 6eafalo \em~n from t l1cir 
bulls. 

A lthough of limited scope, our Beetalo breeding p rogrtlm 
has several p ositive aspects. Interested peoplp can observe these 
anim<Jls at thr rl!search farm under cond~tlons of mrn imal shel· 
ter, instead or depending upon observatiom remote from 
Alaska. We have found thes.e animals to b!l very hardy under our 
conditions and have succe~fully rnodwce<l calves in al l sea son~ 
of the year, Tnc luding both wet and co ld Calv!!'s heve gained In 
excess of two pounds dafly from birth. 

Heterosis, or hyh icl vigor, must b€ considered an •mport an t 
factor when eva luatlng our results. The Beefalo is a spedes c ross 
of American Bison and European breeds of beef cattle, and one 
would expect dom inance and epistatic components o f genetic 
variance t o be si gnincan rdalave to additive compone nts. Heri­
tabilf ty, in t he na rrow sens.e, IS a tunctlon of &ddrtive eftecu 
only . and dom inance and epistatac effects nre not ransm.rted 
predic tab ly from generatio n co genorat on du~ to random as~or -
ment and recombinat•on oi gen~s in the form at on and u nion o f 
sperm and ova to c rorluce (1ffliprhg. Therefore, one would ex­
pect that heterosis would become le!;5 Im portant in determining 
Beefalo perform ance as llm.,s are developed th rough in tercross 
matings. However, our c. rossbreedmg of Beefalo wath Hol stein 
reintroduces the rea ' probdbility of het erosis · as a significant 
determinant of an imal performance. Fir5t-cross Holstein x 
Beefa lo dams, hav ing maternal hetero~is for mothering ab I ty 
and milk production wou d support heteros1~ f or vigor and 
growt h performance possessed by second · Q4 nerat on b ack -c ross 
Beefa lo calves Heterosis, bo h m ate' nal and oHspnng, wi ll be of 
less signi fica nce as we con inue to back -cross to Beefalo bulls 
and obtain a htgher propof1" o n of genetic maumal fro, Beefalo 
in o ur herd . 

Finally , we ha~e been able to p lace crossbred Beefalo/ Hol­
stein bulls at s.everal livest ock operations 1 Alaska. Six years is 
not a long t ime in terms o f livestock breeding and we plar to 
continue this program with hopes of increasing Beefalo inhen­
t ance in our female populat•on. 
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Rapeseed Response 
To Seeding Rate, Row Spacing, and Nitrogen Application 

By 

Carol E. Lewis• and Charles W. Knight .... 

stands m t hick and plants 
ge~erate few lateral branches. 
Pods :m: set higher on the 
pla11t. The lower seedmg rates 
resu lt in fewer planu per given 
area but plants tend to com· 
pensate for th is by branch 'ng 
and setting pods 1ower. The 
curront Canildian recomme11 
dations for seed nq art! 4 to 6 
Ill acre fur the Ganola vane­
tie~ Tower, Regent, Ahex, and 
Candle {Adolphe, 19•74). 

Since 1977, severa l $tud· 
ies have been conducted on 
rapeseed as a potential OJiseed 
crop for Alaska. Results of 
these studies have shown that 
the yield and quality of mpe· 
see-d grown in Al <~ska Is com­
parabl~ to that grown in Can· 
aoa {Woodlnu, 1978) wh~re 
lb ~alue as a crop is exceeded 
only by wheat (Rapeseed As· 
soc.atlon of Canada, 19801. In 
the.s.e aarly Alaskan rapeseed 
studies, Canadian recommen· 
dar,ons for cultural proctices 
'Htlre followed , Rocognl;~;.ng 
the envi ·anmental dltfl!nmces 
between Alaska and Canada, 
further resnarch was needed 
to verity r11at the same cui· 

Dr. Carol E. Lewis evatv<Jtes rapeseed fip/Jis to determlflll the most adVan· 
tageous culr.uml practices for the ln rt:rior. 

Rapescea ~~ sometimes 
grown as a row crop to pro­
vide spacing between the rows 
wtde enough to ollowmechan· 
1cal culttvat•on. This practice is 
common in areas whfll o he•bl· 

tural practices were, In fact, appropriate for Alaska (Knight , 
Lew1s, and Wooding, 1979) 

Three cu ltural p ractices which are easily controlled by t he 
farmer and 'l.rtllch are most likely t o affect yields are seed ing 
rate, row spacing, and rate of nttrogen fertilization. Although 
seedlnq ratP and row spacing coold significantly affect rapeseed 
yi Ids, these two variables have little effect on cost of p roduc­
tion. Nitrogen ferti li zer, on the o ther hand, is a major expense 
In crop production ln Ala~ka . Therefore, it is t o the farmer's ad­
vantage lo know the applfcation rate which will have the most 
effect on yield. 

Sup&rior rapeseed varieties exhibiting low concentrations of 
undesirable e rucic acid and !]lucosinolates have recently been re· 
lrul$!!d In Canada. These vaneties, marketfld as Canola, are of 
special interest in Alaskan agriculture. The need to evaluate 
Canad1an rapeseed cultural practices for application in Alaska is 
compounded by the need to reevaluate these cul tural practices 
on the newly released Canola varieties. 

Several studiP.S have hecn conducted ln Canada evaluating 
the effect of seedmg rate on rapeseed yields. Researchers have 
C(lnsidere<.l 5eedlng rates from 2 to 13 lb/acre with lower rates 
used fo r the smaller- seeded variet ies ( Loi:if, 1972, Kondra, 
1975). Overall. the e ffect of soeding rat e on yield has been re 
ported to be highly variable. At high seeding rates, rapeseed 

• Associata Profe:uor, Resourc. Managemont , Agricultural E•perlment 
Statlol', F•lrbnnks. 

• Instructor, Agronomy , Agricultural Expfl'riment Statio n, Fairbank~. 
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cldes are not w1dely used 
(Lo of, 1972). In areas where hArnlcides are applied as a normal 
practice, the c rop is broadcast seeded or planted with gr in drills 
or Bril lion seeders in row spacings of 6 to 8 Inches. Row spac· 
ings up to 24 inches have bee11 compared m Canad.an fie ld tria$. 
In research tr ials in 1971 and 1972, Konora (1975) found the 
narrowest row spacing, 6 inches resulted in the highest yield. 

It is estimated that a 35-busnel-per·acre repe'.Kled crop wi ll 
remove 1 18 lb/acre of olemen t.al nltrogren from the sot I (Bol-
ton, 1980 ). Loaf { 1972) repom that thl• crop's noetl for potas­
sium and phosphorus is similar to tha1 for cere<~ l grains in most 
product ion areas. Based on these estimates, Bolton {19801 re­
commends applicat ions ot 100 to 1 25flb ac;re of elemental n i lro­
!len and 40 to 60 lb/acre ear.h of P1 0 5 of K2 0 fer thP Delta­
Clearwater area in interior Alt~ska. The lower rates ctr~ recom· 
mended for conventional tillage and the highe1 rates am for 
minimum tillage. 

METHODS 

Cultural practices were compared for the Canola 11ariety, 
Candle, in 1978 and 1979. The studies were conrtucted in the 
Delta· Clearwater area of Interior Alaska near Delta J unction. 
Soils in the study area are R1chardson si l l-~mlm, and the land 
had been farmed for approximately 20 years prior to tile study. 

Study variables included all combinations of three seedlng 
rates (3, 6 and 12 lb/a}, two row spacings, (7 and 14 nches), and 
six nitrogen fertilizer rates 10,50, 80,110, 140, and 170 lb/a). 



All mtrogen was ilpplied as urea (46-0-0). T;i ple su per phos­
phate 10-45-0) and potassium sulfate (0-0 · 511 w ere un iformly 
applied at rates of 7511)/a P2 0 :: and 50 lb/<1 K : 0 respect ively 

Although i l is deJ>irable to plant rapeseed on land that h as 
been fallowed the prev·aus year, suitable ~allowed land w as not 
available when ~r. is st udy was in itiated. Thnrcfore, in b o th 1978 
and 1979, tho •apeseed w as seeded m a rotation following bar­
ley . All seedbed preparatton and stubble incorpora ion wa~ ac­
complished 111 tho spnng. 

Herhk des to c on trol brootdlnaf weeds , p<n ticu la rly , lambs­
quarter, are necessary in the Delt.l Clearwater area . A t pre~ent, 
MO herbicide ha-, been cleared n Alaska lor usa on rapeseed. An 
expe,.iment<rl clearance was rece-tvcd from the USDA Environ­
mental Protection Agency to permit t he use of the herbicide, 
Trdlan, in th is research 

FolloWing a single disl<.in!l in rhe spri ng which covered t h e 
preceding year's barley stubble, the Treflan herbicide was broad­
cast sprayed at a rate of 1 quart per acre ! 1 lb/a acti ve ingr~>di ­

ent). F o llowing spraying, the plot area was d1s!<ed again to in­
c:orpor<ne tha herbic ide . Individua l plots .,..,,ere th en fer 1t1ed 

and tho area was d•sked ll th1rd tlme at right angle!' to the pr ior 
diskings in order lo inc orpor'ltP herb icide and ferri li zer. T he 
area Wrls packed with a ro ller packer to f irm th ) seedbed and the 
piNs were seeded with a Brill ion seeder u~111g seed tubes to 
place tnc seed fn 7- inch rows. Fourteen-inch row spacings were 
obt ainP.d by plugghg alternate seP.d tubes. Seed ing in ba m 1978 
and 1979 was done 1n the last week of May . lr lhe fall, euch 
plot w as hand harvested and threshed using a sta tio nery plot 
thresher. 

RESULTS AND DISCUSSION 

Early n he growing season in both 1978 and 1979, it be­
came aopnmnt that the 0 lb/ac nitrogen rate was too low and 
the 170 lb/a nitrogen rate was too h igh Those plots reccivtng no 
ni trogen e :·nibited stunted, yellow vegetation and those receiv­
lng 170 lb/a n trogen d isplayed very tall, green, ve[)elative 
growtn. As th~ saa~on p rogressed , the rapeseed rece iving no n i­
trogen set very small pods and matured early. Rapeseed on plots 
rece iving 170 lb/a n itroge n h~d pods of normal size, but only 
about 50% of the seed was mature at harvest_ No visu <~l d•ffer­
ences were appamnt t or the rapeseed receiving n1rrogrn at the 
othor application nttes. 

Av~rage rapeseed ymld response to each c u ltural practJce is 
reported In Tab le 1. Y1eld responses to the rh rae seeding rLJtes 
and two row spacings we re h ighly variable in both years. The 
rapeseed p lants appeared to branch out and compensa te far !ow 
POf>Uiatio ns or w ide row spacings. ConseQuently, a ll seed ing 
rates a11d row spac ings resu lted in simlla1 y ields_ ThesR p re­
liminary resu lts apJM!ar t o indicate that Canadian recommenda­
t ions of 4 to 6 lb/a seeding rates and 7 inch (narrow) row spac-

Table 1 Influence of Seeding Rate, Row Spacing, end 
Nit rogen Fertilizer Ratot on Rapeseed Yield 

M<t in Plo t Fen Itt r R c lib octual N/acrel 

i raatrnen t• 0 50 80 1\0 1<40 170 

1978 
Seed•no Ra•e ------- 'l'teld h}ulacr!!) -------

l b/oCI'I! 
7" row spac ng 23 6 37 6 39.4 40.8 32.9 46.3 

1<1" row 5oac '19 31 7 31 .2 42.1 12.7 44.5 3Ei.9 
6 lb/ocre 

7'" tOVIIspi!CIIIQ 24.4 36.6 37.2 38.1:> 40,4 44.9 
14" row spC~c:ing 22.6 45.0 41.4 49J) 4 1.1 44.6 

12 b/acre 
7" rO\'o ~Pil l!'!l 20.9 33.2 34.9 37 .9 33.8 40.2 

14" row spaciroQ 22.0 41.0 41.2 52.G 38.0 43.6 ---- ----
Awrag~ 24.1 37.4 39.4 42.0 38.6 42.8 

1979 
Seeding R liP 

3 .l/ac•e 
l " "'0 \.•J c:pac•ng 30.7 30.2 31.7 35.8 38. 1 35.7 

14" row GIJ "ng 32.9 32.1 35.4 28.\ 42.4 32.1 
6lb/acre 

7" row sp c ng '27.4 38.6 36.7 42.3 33.2 32.1 
14" ro w ~PIIC ing 30.2 38.8 33.2 34.1 31.6 37.1 

1 '1 h/acrP. 
7" row spac ng 28.1 37.2 34.6 36.5 30.0 40.5 

14' ' row -pacm "1.9 30 I 31 7 36.9 29.6 30.3 

Average 28.5 34.5 33.9 35 6 34.2 34.6 

ings can be used in the Delta-Clearwater an~a o f Alaska wtth 
httle effect on Y•elo. 

Average rapeseed yields fo r all nitrogen rams wP. re com­
pared. The re was a considerable yield increase !rom the 0 lo 50 
lb/a a pplication rat£. . Aba~:e this rate, d iftenmces In yield were 
sl ight and variable. How£>'1er, exclud-ng the 170 lb/a nitrogen 
appl ication, whic h did not produce mature seed, yields wcro 
highest at the 110-lb/a ratt ir~ both years. 

CONCLUSIONS 

These st udies were conducted on Richardson soiis which 
had been in p roduction approximate ly 20 years. The so il at this 
site rep resents somo of the deeper, m ote produc11ve soll s ln the 
Delta-Clearwate r area of inrerior Alaska Curren! studies being 
conducted tn this area md1cate That c rop respon~es to higher N 
applications m ight be ~x.pected on rewty ciRared lands or on 
land wi th sh" llower soils (Michaelson , 19811. 

Rapeseed could be an Important cash crop in Alaska. Al­
though this study has leCI to some understanding ol the crop' s 
response to N applicat.on, seeding rate 'tnd row spacing, little is 
known abou t response to p hosphorus, potassium, and sulfur in 
A laskan soi ls. Studie~ such as that reported h ere could hav11 sub­
stant ial agronomic impacn on the production of rnpeseed m the 
state. 
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Vegetation Studies for the 

Proposed Susitna Hydroelectric Project 

By 

Dot Helm" 

Runge scien1ists at the 
A laska Agricultural Experi· 
rnent Stat1on's Palmer Re­
search Center have been st udy­
ing vegetat1on tor tha Susitna 
Hydroelect ·c Power Pro1ect 
s nee the spnng of 19SO. T he 
prooosed Sus1tna Hydroelec· 
tr"c Project would involve 
bul1ding a dam or series of 
dams along the upper Susitna 
R"ver in order to provid e 
electricity to the ra ilbelt area 
ot Alas.kit . The f1 rst phase of 
feas,bllity ~udaes is neann!J 
completion to evaluate tho 
pronos!KI project for engineer 
ing, econom1c, and environ­
mental consid~rations . One 
aspect of these studies is c on· 
cernoo with the plant ec ology 
of the area and is aimed at 
determining the existi ng vege­
tation both upst ream and 
downstream from the pro­
~sed dams, assessing the 
po>sible ;mpacts of the pro ­
ject on tflG veggta11on. and 
5uggesting methods o r m•tlgat­
lnq ~uch impacts. T hese stud­
ies will be of use both to the 
project and for furthe ring our 
knowledge of Alaskan •Jegeta­
tion 

s.hrub-bog communities dom· 
inated by shrub species such 
as dwarf b. rch (8etola glandu­
losa) and blue-berry (Vaccin· 
ium uligmosum ) {Figure 2). 
These areas have a less devel­
oped groulld layer whrch 
usually cons;sts of shrubs. 
Sites at higher elevations con· 
taln sedgegrass tundra and 
mat cushion tundra vegeta· 
tion {Figu•e 3 ). These well­
drained areas usually contain 
I o w·gr owing he rbaceous 
p lants or manod $hrubs. Gla· 
ciers and snow· capped moun­
tains are the sources to r many 
of 1he ~treams 'lowing mto 
the upper Susi1na River 

The first year's efforts 
concentrated on meppmg tht 
vegetation of the upper river 

fltxJre 1 Clostrd mi~~red sprue• and birch W!getatron on steep banks o f rha 
Susicna River. 

PreVIOUsly obtemnd, col· 
or-Infrared, aerial photog·a­
phy was useful tn delimiting 
vegetatio n/ha lJitat type 
boundaries and fo r intcrpre· 
tatron of areas that were not 
field checked. I n1 ttally, per· 
sonnel noted different tex­
turos and colors on the pho· 
tograph$ which were I.Jeliovcd 
to represent differen1 types 
of vegetation. CollrS@ tex tures 
usually correspond to open 
forest types wh1lc fine mx­
tures represent herbaceom 
vegetation, for el<ample {Fig-
ure 4). These areas were field 
checked in Che early part of 

batin, an area covering over 4 million ac ms, m ost of wh1ch is 
currently accessible only by ai rcraft or <JII · terrain veh ides. The 
proposed Impoundment area is dominatP.d !ly steep slopes with 
stands of spruce (Picea glauca, P. mariana ), b irch (Betula PBPV· 
rifera), and alder (Alnus sinuata) (Figure 1). These areas have 
almost complete VEtQI!tafon cover and a well -develo ped ground 
layer conmting mainly o f herbaceous species w;th some s hrubby 
plants. Benches above the river are covered wlth low-shrub and 

• AanliJ• Tldmician, Awicultunt Rtilarch Cent•r. P11lmer . 
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the season As observers became more experienced With this 
vegetation, the types could be identified from helicopters. Ou t­
lines of the vegetat ion/habita types w re then overlain on 
USGS topograph ical maps In order to ellmmatP the distortion 
present in the phot ographs. Acci!SS corridor~ and 1ransmlssion 
hne corrido rs were mapped during the summer of 1981 by the 
same technique to provide vegetation Information on these 
routes. 

Another phase of the Plant Ecology Subtask was to evalu­
ate the poss ible ctftec ts o f thP dams on the downstream veger.a-



Ftf}Ure 2. L o !.'t -r;hrub >~P.gtWtrion on bYnChlls abo~ thP. Sus1 m~J River. 

t on as a reSAJit ot changed river flows. This aspect i; bemg ad­
dressed by Studymy the current vegetation and in terring what 
paths vegetJlion successron might have taken in he pa~"t. With 
somr. under~tancring o f past vegetal io n dynnm ics. an estimate of 
future vegetation changes can be made for rredic ted flow re­
g mes. A team of nydrologists 1s workmg on a m odel ot the 
post dam flows. Combmtng t he two sets o f lnfo rmatron m ay 
provide an insil)ht to possible post -dam rmpacts. 

Figure 3. Sedgt~ •gra.r.~ tundra on .rol/lr1g upland~ of thl!l upp er Susicns 
Rive.r Basin. 

Many areas along the ri"'er are co nsiderP.d pume moose 
hab itat wh ic.h s maintained by C(lnstant reworking by t he river. 
There is concern that u regu late<l river would perm it t he moose 
h:J b tat 'early vege t;lllon succes.sional stages) to progress to a 
more advanced st age thu~ reducmg moose habiral. The regu· 
lated river would be cxpec·ed lt'l ha\1.; lowt'f f lows in summer 
but higher flows in wtnter than lh~ mregulated stream (Alaska 
Power Authori ty, 1980) . The possibtlity ot more Ice dam age 

F1{/(Jre 4. Color infrored U-2 image of p ortion of me upper Susitna River Basin. Clear water appears blrA wllilf' silty Wdcer shows up 1/ghr b lue. SQruct! 
tretts appear OilS rma/1 dots on an qurwash fan at right of picture. Low shrubs near the ri ver Jrtt purplish co lor, wh11rea$ serlge-grBss tundr;j is the fine 
fll.irturod p ink color In : he mDUn tains. 

Agrobnreo~Jis January/19112 53 



!=igurfl 5. AtJrlal photographs r~k.tln in 1951 Osft) and '1980 (rigl>r} of the lower Susitn/1 RJver. N o re the hnxes wh~r" IUII<JJ h•vfJ ~n tJtod~-d IEJ and d•· 
pomed IDJ IH/tween 1951 and 1980. 

from higher winter flows may increase lhe amount of early sue· 
cess ianal areas. T he d own stream vegetation studtes are a imed at 
evaluatl"'g whether the possible loss of moose habitat is a valid 
concern or if newly emerged areas would counterbalance lhe 
polential loss to advanced st ages of vegetatio n. Early su cces­
stonal stages of vegetation consist of horseTail (Equisetum spp ) , 
young balsam poplar (Populus balsamrfera }, willow (Salix spp.) , 
aoiJ mixtunJs o f these (Figu re 5). Mo re advanced vegetation 
includes alder lA Ina.~ tenutfoha and A. sinuata ); lmrnatur£', 
mature, anrJ overmatUrf! balsam poplar; birch/sp ruce; and shrub 
bog (Figures 6 anrl 7) . 

Downstream effects of the proposed dam or dams wou'd be 
11Xluced by two unregu lated streams, the Chulitna and Tal­
lreetna A1vers, flow ing into thP Susltna just below Talkeetn a. 
The Sus,tna Raver above T;J ikeetna accounLS for 37% of tht~ 
Susllna Rtve r flow jun below T nlkee tna and on ly 17% by the 
time It u•aches Cook lnlel (Alaska Power Authority , 1980 1. The 
variilbtllfy of the river fl ows at Gold Creek would be greatly af · 
fected by the dam whlle th ose at the Parks Htghwav Bndge and 

Figuf8 6. Flooded mature balsam poplar ttand UJntream from Tslkeetnll 
durmn high w•t•r m Julv 7981. 
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others farther do wnst ream would be progressively les'l a rfected 
(Alaska Power Authority, 1980!. 

Several stud y sites ware selected along var•a us portionr. of 
the river from just above Talkl!etna to just above h Delta Is­
lands. These sates were selected o represent differen t stages of 
succession tn the various pon:ions o f the nver as based on v 1 ~ual 
observation. Aerial photographs taken an 1951 and again 1980 
were compared to determine which areas hart changed . Some 
bars had been deposited by 1980 Lhat were not pres~tnt In 1951 
and some present in 195 1 had been eroded by 1980 (Fiqure 81. 
Add itiOnally , areas that ware al early ·vegetation successional 
stages in 195 1 had p rogressed to more advanced ~tages in 1980. 
These changes were us;ed to locate 5'\udy Sl tes on the river so 
thc~ t we wo uld know how loMf! it takes for ~uch change~ to 
occur. 

The rlver abo~e Talkeetna Is incl&erl in the vallay, and 
isl;mds there are fa irly stable However, ice scouring -Juring 
breakup m ay have an etfecr on the vegetation here. 1 he stre«m 
bel ow 1 alkeetna is braided , and the sand and gravel bars are 

Figure 1. Early successionOJIIIC!JCt.tJall on undbar on the lower SU.flfnu 
R1116r iibOvu Susitna L andmg, Mw 1981. 



Ftgurtt 8 . Flnod-rra.ned rrees in m rerm,.dlitte ve_qerarion on Island above 
Talkeetn<I, Jun~ 198 I NottJ thltt the lower port1ons o J th ' trunkt h;~ve 
bl'tJil benr anwn$rream by •ar/i11r flooa:;_ AdditioniJI gro wth h as occurred 
nrtlcslfv. 

constantly being reworked. Ice <!!feet~ on vegetatio n in th1s area 
are negligible compared to the effects of flooding 

Vegetation and so1l d11ta Wllrr. obtalnea from i!olCh sit~> to 
analyze the vegatation and , lood h•stort of the areil Vegeta · 10n 
data include ground co\•er of j'\lant ~pecif!s ir several he~ghl 

ca tegories, density (number of stems per unit areal, and ages 
and dimensions of shrubs and trees. T he ohject ve was to deter­
m ine how long an an~a wou d have to be flood free or ex pD1 i 
ence only m inor floods before certain types of vegetation wo11ld 
be establ ished. A sequence of vegetatto types and length of 
time since the area w~s "stab lilzed" could then be es~abl ished. 
Comparisons o • 1951 and 1980 phow graphs will also ai el in 
eva luation of rate o f changes n hr> ri\ll?r cha'lrJel and plant 5UC­

cession. Even estahli$hed vegetation may be fl ooded in wet 
years as we observed n some matur sta nds this yec.r I Figure 8) 

T hese vegetation studiB.S are designed ro analy ze mdstt'lg 
vegetation in tfle a re<~s ups u~am and downstredm •tom the pro­
posed dam or series of t!ams. This tnformatlor wi ll be used to 
assess potential lmpacts of construction or to recom mend areas. 
for certain w ildlife o rt!Cr .ataonal uses. Stud1es of the down 
stream vegetation dynamics will permit an ass.essment of possi· 
ble effect s of changed river fl ows on doYmstream vegetation. 
The results of these studies w·l e IISl'ful i or evaluat ng poten­
ti al impacts o f t he proposed hydroelt~ctrlc projncr and f o r ex· 
panding our knowledge o1 Alaskan vegeta !lof1. 
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Min to · Possible location of a ducks, geese, and rabbits industry? 

Potential Markets 

For Ducks. Geese and Rabbits in Alaska 
By 

Cathy Warren * 

INTR OOUCTlON 

The Un i11ersi ty of Alaska Agricultural Experiment Station 
was contract ed by the Min to Vill age Council to provide esti ­
mates. of th& existing Al askan consumption volumes and market 
prices for commerc ially p roduced d ucks, 9eese and rabbits. The 
:study was limited to the t\vo major populat ion centers with in 
Alaska. Juneau was not consfdered since frei ght ra tes from 
Minto could not be competitive wfth those fro m Seattle. 

The Minto Village Council is concerned t hat su bsistence 
hunting in the futu re will not adequately provide all the nutri­
tional needs o f the Minto people. There is a cu rrent lack o f eco­
nomic de\'ela pment in the village, h igh unem ployment, a nd few 
.alte rnative-£ t o welfare. Therefo re, a sm all ·scale agricu ltural pro­
ji}Ct is. being considt: red to pro..,lde an alternative to stlbsistence 
.and welfare. Domestic production of dJJcks, geese and rabbits is 

"RII$ean::h A$5istant, Aoric:u ltur•1 Eeonom ics, Agricul tural l;x.periment 
Stillion, F1irb .. !1ks. 
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of prime interest. Residents of Minto an~ familiar with thf!'Se 
species and rhe do mestic form wo uld bt! acceptable a1: a parlial 
substitute fo r tradi tiona! ~ubslstence meat p roducts. Raising 
these animafs mi ght als.o be an acc~?ptable occupation in an agri­
cultural program rather than crops. or larger livestock because of 
this familiarity. 

PRODUCTION CONSIDERATIONS 

Although the peopll? of Minto are familiar wlth thB<>e anl · 
ma.l s in t heir wild state, prorluction factors unique Lo their 
domestic coun te rpa rts will have to be considered in a commer­
cial operat ion. These factors include feed conversion ratios, 
basic feed inform atio n, length of time to m arket we1ght, and 
general production knowled~ . 

All bre~ds of duck , with the exception of the Muscovy, are 
bel ieved to t'lave o ri ginated from the wild Mallard. The Muscovy 
clu ck ls a d ifferent species from all other breeds of domestic 



rlucb 11\lhen rro~sed Nith other b•eeds ot duck, their offspr"ng 
r aU sreri l (F,.Itwe ll , 1980) The 'VIusccvv duc k i. tho only 

dome• c d Jck •d ' grJl<!S grass for the bul or t"err feed as do 
goos~ N • " t q m al!' nor female III.Jscov 1 di.Jckr q uack. 

The Pekin i< " h 'PP.d favorec 1y thP. comi'T'erc•a l Juclr. in· 
du<Hy. They ri!.JCh rr a• et aqe between 7 and 8 Wei!ks and 

'"' gh 7 p '' " \ be10 '! <l<~uqh e• • 19. FEE'd conv rs ons 1ru ge 
:-, 5 pounds o f ·eed per Jound of ga n Duc.Ks require tile B ~·rta­
mln nracr ,1s a tCJOO 5ur p ene t o p t!vent IP.g we;aknr.ss anc. to 
enhance gro~· tt IF,.Itv.'L I, 1980). Thev should be fed starter 
crumbs un ti l 3 to 4 weeks o1 ag!', then should be chanqcd to 
nrower netlots and grai . Domestic dLJcks shouirl he given wet 
mash or crurnhs at all stages o f grow•' and 1ay obta·., som!! 
foe r:t re(luirements from ~rass. One acre wills pport up to 100 
tuck• 

Gee e ;;rc eYcellent rorage•s , howevtlr •ney w ill grow <~' a 
·lowe nc if ranqed rather than fed ent.re y o n commerc a l 
fned. A 11 Utnht· of fe rJ " 9 or )9 ms e avJI ;~bl" tor cornm~r· 
dal goo!;e nroduct. on \ vanety of ;~rog ms should loe Les t!d 
in ally .mrl cord~ '1< 1tained to comparr. ;eeding cost~ .<nd 
rates of g " · A trade- otf w II tlav·~ o be uelt:!rmined bet veen 
e..d ng cost and length of t ime to marl(et weu~ht. Commercrally 

!lrown HCC'lfl nay be d ressed between 16 and 24 we1 '<s, depend­
ing on e feed no program . live market W!! .gtlt s vary, dep•.<nd· 
ing on dge . fet ct P• ogran , and breed Male Emhden and Tau­
louse meed dY~r<rge 29-32 p ounds <1nd females ;11 pounds. One 
of lht! smalles t hrt:Jed~ 111 me Chinese, shown in F igure 1. Live 
U<lul t m<JI~;~s a11eragt! 1 I pounds and f~:males 9 p ounds . The 1 ou­
lous.e gccst: W!) re breel lor thmr large, fatty 11\•ers, which dU! a 
ltOpular delir:acy in Furope<Jn countr ie~. In 1916 thesl! hv,... rs, 
weighinq ll• rwee r 1 aiiCI 1.5 nounds. sole! ft) r almo sr $28 a 
pound in Frd 1ce (Kropp, 1976b) White Embden geese are o 1e 
oi the largest orceds and are produced primarily tor meat. 

~I!JUrf! I . Ariult Whlteo Chml!re !!f!eW and duck. rs.$ed in Notrh Poft:. 

Fee~l - con11erslon rat os \Ia v . dependtng on time spent on 
past m <•'l~ &~ng~ qu.,llty. Supplement al feed fo r !lrazrog geese 
avetages 3 'launch ne r pound o! goose , i 1c luding H <trler, grower 

and fin isr ing feed !Feedmarl<eu, 1975). Accordmg to Ben 
r<ropp a ' Pier-us Fot:'d , thO • atton's leading goos.e processor, all 
geese should ~:~., t ned with a flnrshar p II t feed, begrnnrng 4 
wee s P .or to marketing. Gc se will eat gras.~ shoot~ rJ d.!­
l"ons, and other weed; m bogs m.. 11ands, or cr,.elo: or dkc 
banks. They r>!q 1 e room to g· ~ . fJ'lP. ar:re WJJ , s ppor na­
t• .. et"1 50 and 100 q P.'i", .Jerenr nc on conc:htron of 1 .t! rc gl!. 
Areas that are u ~l.itu.bll! for other poultry or llvnstock due to 
excess1ve moisture ora fdeal for geese. 

Rabbi ts <Ire noted for Lhelr abrllty to reproduce. Their aver· 
age gestation period is 31 day~ and uoes may be rebred when 
the previous litter i~ 4· 6 w~>eks olt.l On the average. a doe will 
produce between 4 and 6 litter• ll year. New Zealnnd WI ites nrl 
Cahtom1ans a c the most common breeds rarsed by t:ommerc'al 
rabl 'neat protlucP-rs. Young bunnre~ may be marketed a· 8 
wee ~of age. 

Raooits ltve an gram~, greens, and hay. Comn r ·a l rabhit 
r oducers usuallv fn"-J pellet~ th 1t r•! nutritional v baf.Jnced. 
Rabbits reingr.~1 the•r food . Th.,~t ~xcr~t . two ty, .. , o: feces, 
one ha rl and 01 e soft. They w1ll e t the soft, thu Jncre.:~smq 
thei ~ood nt'lke. 

Rabbits produc. about 1 pouncf o 'Tleat for ellfuy 3 4 
pour ds o f feed . Petleted rabbit teed ·s 7 80% alfalfa w'll ., ·,a 
mins and minerals comonsrng the em11nrfcr. Mo•t Ptrus con a 11 

15- 26°{, prow in , with soybean~ thn l1es ,rOI1'111 so.Jrce /Sey­
m our 1977). H•gh-qudlity hay and or<rrrs such a1 oats, vvtlrnt, 
barll'y, ry~. and ground cor 1 ,.,ay be used 111 plac£" of prllets. 
Green Feeds may cause diq1 ~tiof1 problr>m~ c1nd shoUld IJc 1 E'-

str ictcd fTrcwis P.t al., 19791. Sal f~ roq~rirod 111 the dif! L along 
wi tl1 plentY of fresh water . Rabl111 hutch~s shorJid he kept mil 
shelwretJ environmen t to kllep plt.rlatory ~nrmols away, A ~er 
amte area should [1( provided for si~: ,1bbits. Rabbrt~ are ;us­
cept•ble ·o severa l ciise<rses and should be monitor4lrl carrfully. 

ANCHORAGE AND FAIRBANKS MARKETS 

Ar ~sti ''h t~ of the current dcm;md an 1 ,. nr:arl y markeL 
for d ucks, geese and rahblr; was neces~arv to ind•cate the 
potential capacity ol a !;mall -scale comma cia opero•ion . Two 
ma jo r popula io cer ters in Al01ska wt.HO considere I - A •chor· 
age and Fairbanks. Their relations! ip in d 'stance from Minto 
can be seen ·n Fig• IL 2. 

Whol~s<rl e ancl rna tor r eta1l grocers were contacted through 
a m ail survey and .. follow-up telephone ;urvey was conducted 
in December, 1980. Th~ rP.iUil~ arc shown in Tobie 1. 

Grocers rnd1C:JT••d rahhJU and rluc <s .J'fl in d lmand year· 
round, whereas geese are seasonal, w1t " majontv of sales 
dun1g Thanicsg ..-mg n(. Christmas. Several roce felt 1 cy 
coulr sP I more rablr s • a dcpondablr. supply and consiHen t 
pro luct \ er t> availal !. 

Most lar!]C ro:!totl chains po1chase ~hei r fr()ze.n o ks JileSc , 
and rabb•ts trom Seattle wholesHiers 11nd sh p ~ s in 
20,000- 40,000- pound van loads with 'Other frolen goods. There 
fori!, ~ adrl ' io11al freig t cost per pound for these items s 
minima since the vans <ltf! tillei.J and the volumes ordered arc 
lm· . compared with other frozen products shipped. A commer­
Cial producer ·n Mrnto would have to meet the Seattle whole­
salers' pnce, rnmus the frdght cost from Mrnto to the retail or 
w ho "Sale stm"P'v location. 

Alr-fre 1ght rate• from Mtnto to Fai rbanks w~;re $.1 7 pi.' l 
pou nd in D~cember 1980 (Alaska Centra! Arrl Air-freight rates 
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Tabla 1 Ouant1ty of Ducks, Geese and Rabbits 
Ordered Annually by Anchorage and F-airbanks Grocers 

fi'Qm Outside Ala,ka. 

Location T:iee Ducks Geese Rabbits 

Anchorage Wholesale 6.420 828 4,460 
Anchorage Raratl '1,620 448 1,880 

Total 8,040 1,276 6,340 

Fairbanks WhoiB'Sa l ~ 1,430 82 0 
Fairbanks A eta II 2,480 4 15 1,428 

Total 3,910 497 1.428 

Anchorage 
and Fairbanks Total 11.950 1.773 7,768 

from Fatrbanks t o Anchorage are $.24 per pou nd, w ith a mini· 
mum shipment of $18.10 o r 75 pounds (Alaska Airl ines, De­
cember, 19801. These prod uct s, produced m Minto for sale in 
Anchorage, would be subjec t to a $.4 l per pound freigh t charge, 
lf shipped by air. Truck rates were noL estimated since the 
volume~ to be sh"pped would not fill a truck load. 

The production costs 
covered in the accompanying 
article, A Village - Based Plan 
for the Small-Scale Produc­
tion of Ducks, Geese, and 
Rabbtts by Dan Slaby and 
Carol E Lewts, am based on 
facilities to accomodate 500 
ducks, 400 geese, and 750 
rabbits. A~ the marl<et liurvey 
shows, thes11 !Jolumes will not 
supply the Anchorage and 
Fairbanks markets. However, 
they w1l l satisfy the sub~is­

tence requirements ot the 
Minto populatlon. ProductJOn 
mav be expanded t o pone­
' ate urban markets after 
manag!lment skills are 
ma1tered and production 
costs are brought mto line. 

Table 2 com pares pro­
duction costs to 1980 rntai l 
sal ing prices. The production 
com were calculated per live­
weight pound. To obtain the 
cost per pound o f meat, a 
dress-out of 70% (Rabm, 
1980) wa~ assumed for ducks 
and geese and 55% ITravts 'lt 
al. , 1979) for rabbits. Stnce 
the c~ts of producUon at the 
level~ assumed for ducks and 
rabbit5 ant greate r than the 
price per pound received by 
rutailim; these products 
should nol be produced for 
meat revenue alo ne_ Marke LS 

160" 

Table 2. Com parison of Production Corts8 and Average 
Anchorage and Fairbank~ Retail Selling Prices. 1980 Aug. ($). 

Production Costs Anchorage 
Per Live Per lb . & Frurbanks 
wt.lb. of meat selling price 

Ducks 1.17 unb 1.57 
Geese- 50:50 

feed/ barley ratio n 1.30 1.8Gb 2.15 
Geese- partial ly ranged .91 1.30b 
Rabbi ts - pellets 2.16 3.93c 2.87 
Rabbi ts - 50.50 

pellet/barley ration 2.06 3.73c 

~Based on productiOn capacity of 500' duck$, 400 gCC'$1 and 750 rabb 1$. 

OrP.ss-OUl of 70% fo r ducks and g~. 
cOress out of 55':\a for rabbits . 

feathers and rabbit pelts will have to be investigated . Slaughter­
ing costs must a lso be given consideration. 

Mllrs 

PRODUCnON OUTSIDE ALASKA 

Nat ional productaon of ducks has mcreased ~teildily from 
13 m •lllon ducks in 1976 to 
17.5 mil lion m 1979 {Rabln, 
1980). Natio nal goose pro­
duction had dropped from 
8.5 milllon in 1890 to around 
400,000 m recent years . In 
1910, Kentucky alone pro 
duced •he vo lume the entire 
United States raises today 
(Kropp, 1975) . Around the 
turn of the cnntury there 
wllre many small farms ra1sing 
<J few geese each, as European 
counLnes do today . Presently, 
goose production in the 
United St.lites is accomplished 
by only a fllw producers. rais­
ing muci'llar~er flocks. 

The goose ha~ been a 
more popular b rd 1n Euro­
pean countriAs than in the 
Untted States. Franco, Poland, 
Huogarv, West Germany, and 
Czechosl oval<ia each produce 
over 2 million annually (PP.i· 
trus, 1980). R us.sia Is rP.ported 
to raise ovm 30 million geese 
a year and is planning to 
double th is amoont by 1986, 
making use of t h P. V3!!1 ex­
panse of grassl;mds in that 
country ( Kropr, 1 976a) Man­
itoba and Alberta, Canada, 
have produced geese m flocks 
of 3,000 t o 5,000 for the past 
20 years (Kropp, 19771 

for by· prod ucn such as Figuf'l' 2. Proximity o f Minta to possible urban markets. 
The IIOIUmes e)( pOrt~d 

and imported for live ducks 
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anrl geese ar& grouped as baby ducks, geese, ;;nd guineas and also 
wi~h live-poultry o ther than baby. Slaughte~ed duck and geese 
exports a re listed as other poultry, fresh, chilled, or frozen. 
Therefore, 1 1s difficult to det&rmine the nurnber of ducks or 
geesl exported and imported. However, Canada appears to be 
t.he leading cou ntry recPiving Ur1ited Stutes produced other 
rrou n p oultry. IL IS fe lt most of these are ducks (Hemphill and 
Mlilmoe, 19811. Tho volume of other frozen poul try exported 
hds Increased dramatically from ?,033 tons in 1976 to 10,819 
tons In l 979. 

Export and mporL volumes for domesuc rab!lats are mcom 
pletn. However, Chma Is a leadmg exporter wi th over 1 million 
pounds annu01lly. l nere arr, no tariffs on foreign rabbi t meat 
coming 1nto thP. United States, but United States producers 
must pay a 20% common market tariH for rabbits sold to Euro­
pean countnes. Be lgium's rabbits average $1.25 per pound and 
China's S. 75 a pound (Smith, 1981 ~- Annual U. S. consumption 
est'mates for rabbit vary f rorn 8 (Travis et al, 1979) to 25 mil­
lion pounds (Srnith , 1981 1, which amounts to roughly 3.5 to 1 1 
ml hon rabbits. 

SUMMARY 

The volumes of ducks, geese, (H1 d rabbits currently sold by 
Anchorage and F alrbal'lks grocers. a re for froten meats. A fresh 
ploduct may ger'le rate an increased dem and. cu~rently, there is 
l't e or oo advertising on tl,e state level for these products. A 
rajor marketing plan w·H be necessary to educate consumero; as 
to the taste difference oetweeo wild nnd domestic meat of 
ducks, 9eese, and rabbits. Consumers sholl lcl also be informed 
as to the substitutnhfhty of ducks, geese, ant! rabbits fo r more 
rruditional meats. For example, rnbbi ts are lower in fa t (% of 
ft ~sh weight ) and higher in protein than pnmary cuts of beef 
and pork. Turkey 1s the major competttior for the seasonal 
goose marke t. The high- volume production of tu rkeys has made 
It pos"Sible to markel .,ese birds at cons1dcrably lower p ces 
thl'lr geese. A ma1or advertising etrort will be necessary to bring 
wholebody and c Jts into t he year round market, possibly as a 
spl'c ialty product, eliminating the need to be price compet1t ve 
wi rh turkey during peak seasons. 

As evidenced by tho market survey for Ano orage and 
Fairbanks, the numb(l~ ot gt>ese sold is considerably less th<m the 
volumes of duck$ or nbbits. li owevar, as grocers pointed out. 
goose sales occur prfmarflv dU11 tg Thanksgiv ng and Christmas. 
This seasonali ty enable-; a ;Jraducer to Ofl&rate wftl1out a year· 
round breed ing st ock Th is, along with the goose 's abili ty to ob­
t am a substant•al portion of 1ts d1et from grasslands, sugyest 
that geeso are :a more at tractwt selection than ducks. 

Although lt does not af')pe 1 rabbit p1oduc ior s profitable 
for meat alone, markets do ex 1st for by - products and are neces· 
sary to ensure a successful ope rat' orL Tanned rabbit pel rs can be 
sold t o local fu1·riers tor S3 to Sl 2 a pelt, dependmg o n qual1ty 
(Anr:ho rage Fur r ac10ry, 1981 l. Sine(> rabbit meal is not 
seasonal, year round p oduction sllould be can~ideretl . This wi ll 
reqUire a breedlng stock which should be kept in <Jr enclosed 
ertvironm ont (F•gure 3). 

Figure 3. Breeder rabbit fat:t/Jty owned bl! FairbankS•IIrU (IIOwer, D~hble 
Wien. 
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A Village-Based Plan for the Small-Scale 

Production of Ducks, Geese and Rabbits 

By 

Dan L. Slaby· and Carol E.. Lewis*" 

M·my Alaska bush villages have tenaciously matntained a 
subsis1ence based economy dependent upon hunting, fishing, 
and trapping. Economic foctors and a desire for consumer goods 
have combined to create an increasing need fo r cash in the vil­
lage. Improved health care has increased the proportion of 
younger residents 1n the VIllage Improved education and em 
ployment opportunities ln urban communities have res1.11ted in a 
selective migration of individuals from the village. This selective 
migration ha~ permitted the remain~ng res idents to continue a 
suhsistetlce lifestyle. 

Recently. there appears to IJ.e a slight reversal of th is trend 
oi emigration. A vatiety of !actors, lnclud'ng the desire to bene· 
tit from the Alaska Native Claims Settlement Act of 1972, un· 
derly a return of family members to the village. It is th is return 
of village mnmber$ a'1d the increased use of modern hunting, 
fishing a11d trapping technologies that place an inc~easing strain 
on the subsistence Jrtestyle of the vil lage and native an1mal pop­
ulations_ 

One r.uch community located in Interior Alaska. Minto, has 
recogni:red tl1e problems that an rncrease ln local oopulation 
woultJ c eate. Having considered various options for develop· 
ment, the Minto Vtllage Council ha1 cons1dered a plan to pro­
duce ducks, geese antt rahbits to meet local food needs with an 
option for future commercial expansion to supply an existing 
Alaska market. 

The factors which undcrly the choice of producing these 
pat tlcular animals include: 

• Wild species of these animals occur naturally in the area, 
indicating the possible adaptation of domestic species to a 
cold climate. 
· The residents are fami liar with the natural biology and 
life cycle or these animals. 
• The growth rau! to marketable weight is rapid, allowing 
lor seasonal production plans.. 
• Production management does not requm' highly special­
ized eqUipment or knowledge. 
• Labor requirements for these animals are no1 intensive, 
pcrmining continuation of existing subsistence and social 
activltaes. 

This article will summarize the production plan and finan 
cial feasibility for a scale of operation limited to 500 ducks, 
400 geese, and 750 rabbi ts produced annually for local can· 
sumption 1n a village with a population between 250 and 350. 

• Con1ultant, AIM.kl Mnn•e"m•nt and Planning, F••cb.11ks. 
• • A.uociate Profes$0r, Re.ourcl Manavamont, AIMkl Agneultual Experi-

mer'lt Stlltion, Ft~irblnks. 
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PRODUCTION OF DUCKS AND GEESE 

The production plan tor ducks and geese are ~imilar and can 
be described together. The following assumpnons are mad~ re· 
garding the production of ducks anrl geese: 

• Live hatchings wlll be purchased from a hatchery, elimi· 
natlng the need for mamtaining a year-round breeding 
stock. 
• A minimal amount of grassy pasture w1ll be 0110ilable to 
pennlt rhe grazing of 50 to 100 gees~ per acre (Orr, 1976} . 
• 1l1e production plan IS applicable to many breeds of 
ducks and geese, although the type<; selected for this p lan 
are the White Pekin duck and Embden goose. 
• Gra in fltB'ds will be available locally from Alaska sources 
(Feed prices used to derive production costs in this article 
are retail FOB Fairbanks). 

GROWTH CHARACTERISTICS AND FEED 
REQUIREMENTS O F DUCKS AND GEESE 

A conversion ratio o f feed consumed to weight gained per­
mits a measure ol productive efficiency and can be used to de­
torm lne tha optimum marketable wc1ght and age. Table 1 gives 
the live weight, feed consumption, and feed conversion ratios 
for White Pekin ducks to age 8 weeks Weekly weight gains re­
main above 1 pound per wecl< until 6 weeks of age aher which 
the weight gain drops off substantially. Likewise, the feed con· 
version ratio continues to decrease until age 6 weeks, after 
which it Increases. At 7 weeks, the average llv~eight for males 
was 7.28 pounds, and for females 6.&4 pounds with respective 
feed conversion ratios of 2.49 and 2.67. Changes m the weekly 
weight gain and eed conversion ratios indicate that the opti­
mum age and weight of harvest is at 6 weeks. After 1hat age, any 
additional weight is gained at additional con. 

Table 1. Growth Rate and Feed Conversion Efficiency for 
Wnite Pekin Ducks (Orr, 19761. 

Marg•nal 
Rate of Wkly. 

Dlal'lge in 
Fsed 

Age Wt. Marg-, I Feed Cor.sumption F!!'£1d/lb. Wt. Coov.~SJOn 
IWksJ{Ib~.) Wt. Gain Wkly. (lbs. l Cum. Gain to AO" Ratio 
~,----.~6----------~.5~----~5--------.~83 

2 1,68 1.08 1.64 2.14 1 .27 .44 
3 2.98 1.30 2 .55 4.69 1.57 .30 
4 4 .01 1.03 2.55 7.24 1.81 .24 
5 5.13 1.12 3.27 10.61 2.05 .24 
e 6.19 1.00 3 .57 14 .oa 2.21 .22 
7 6.96 .77 3.87 17.95 2.58 .3t 
8 7.54 .58 3.39 21.34 2.83 .25 



Growth data on geese presented ·n Table 2 ind icate that 
go• I ngs have a rap d rate ot growth until 10 weeks of age, atter 
wh ch thuo islmle- weigh gain (Orr, 1976) Other d"'tii ino cate 
that manrlgerMnt arfec\s the growth ra te alltJ feed conv~ rsion 
e•· ciency. Tahle 3 presents data fi-om a 5tudy whrch compdres 
a ange ~nd confinemem reed rng strategy For t he fit~t 3 wt! lcs, 

TabiD 2. Growth Rate for E'mbden Gee5e by Sex. 

AgP A~ef'IJB Weight Both Sex Marginal 
IWks.l Male ernale Avera'" WP.•Q11t Geln 

2 1.9 I.B 185 
1 5.0 oll.6 4.15 2.90 
6 8.2 7,1 7 .()5 2.90 
a 10.1 8.8 9 •s 1.80 

10 11 .1 9.7 10 .-40 .95 
2 11.8 10.3 1.05 .65 

14 12.3 10.9 11.60 .55 
16 12.6 '11 ' 1 85 .25 
IS 13.5 11.9 ' 2.70 .85 
20 13.8 12.3 l 3.0b .35 

Tablfl 3 Growth Rate and Feed ConversiOn Efficiencies of 
White Chinese X Embden Goslings (Orr 1976) 

~nl-n1-n P.n Rea• ( bs.l ~a Ref'!!llb.!J_ _ 
Age Avo Cum Feed Feed/lb . Avg. Cum. F-. d Feed/lb . 
Wkt Vv·. Ct'"lt..rmptroo to Dati! w'- co.,~unp~io'1 o O;;otc: 

3 3 .3 5.25 1 75 3.3 5 25 1.75 
6 8 1 17.32 2.22 7.a 12.60 1.68 
9 10.8 34 ()2 3.32 10 .1 19.97 2.03 

12 12 .3 4 7.64 3.96 11 6 30.6:7. 2,71 
14 12.8 56 .09 4.48 1Ul 3B.10 3.31 

goslin{)S in the study were fed a regular pellet die t in confin e­
ment. Then "'alf o f the gosl ings, wilh equal sexes in both gro ups, 
were pl1ced o n good range and the other halt in confinemunt. 
Both groups were provided wi th oelle ted growinq mash, grain 
!wheat and o ats) anri 1nso uble gr t on a 'rell-chotce basis Con· 
ti ,mcnt reared 01rds e elusively r referred pe.letc;, b J, range · 
:eared bird~ cons, med near equal amou nts of gram a d peH~;ts 
(Orr, 19761. The d~ta indicate thllt co nt nement- reared birds 
g ,., we1gh t more rapidly than ran ~o-e- reared, b t r"quire consio­
ernbly more feed per pound of we·g 1t ga ineJ. 

Feed for d ucks and geese is Jsually availab'e in t he form of 
crum bles or pellets, b ut 'f these are n ot available, then urmedi 
CCl'l"d chicken or turkey feed can be su bst it J+ed (U SDA, 1972, 
1974) For the •irst 2 wee ks, ducks should have rree choic of 
start er road , and afterwards they can be marntatned on a grower 
ration D•Jcks can ~ave al:'cess to pasture at 3 or 4 weeks, bu t are 
r o as good · oraw.rs as gc~>se Water should be ava ilable upon 
de'Tland.. 

Geese ~ n likewisn provided w th starter feed fo r the trst 
2 to 4 weeks ·no tl'ten e switchea gradually to a grower rat1on. 
Geese lhould be enc.ouraged to fo ilge as soo I as possiblt!. r he 
.5UP olv of fecri can be restnctcd unnl they d e consutnrng a '"I 
averag.. o r 1/4 to 1/3 pound of reed per evenin g. The availabi lty 
oi ration can be ad justed according to the condition and sunoly 
of forage. Geese prefer the bladed grasses, and pastures must be 
mowed regularly to mdintain palat able, young, and tende r 
grasses. Water should also be avai lable upon demand. 

Insol uble gri• sltould be avai lable for consum ption u pon de­
rmmd for l>o tl' dlrcks and geese. 

Appro x rn :Jtely 50 geese can ne pastured on 1 acre of goad 
iorilge, hu l a nl;mlc<l [)dsturr. rn <W tamed by maWIIl!J can ~IJP · 

port 100 geese {Sh!l1t, 1975). Geese can be used as weede r ~ in 
some planted crops and gardens. Goshngs used as weeders 
should be und"r 6 wr>eks o :~gc '1ecar ~e older birds can d amage 
the pldntr, and ruit For ex mJ"tlr, six to c ighr goslings- c.an con­
trol t..n e weed :~rowth o 1 ;o 2 acr s of .lrawberries {Orr, 19761. 
ShadP 1s essenmtl fo r ~'lse o . pasture to prevent sunstroke. 

On the av~rage, d duel< wll consumE. 21 lb . . or feed to at· 
tarn a live weight o f 7 6 lbs at age 8 weelt' The average range­
rea red goose wi ll cons Jrni! 30.62 lbs. o1 eed to reach a I ve 
weight o f 1\.6 lbs. at aqe 12 weeks. The avnrage goost? reared 
in confinement on pe l' et~ will consume 47.54 lbs of feed to 
reach 12.3 1bs. et 12 woeks of age. 

Alaska-grown barley can be substituted for grower ration 
on a 50 :50 ratio without affecting the protP.in supply and geese 
w th good pasture caP be fed barley as the only feed supplement. 

HOUSING AND SPACE REQUIREMENTS FOR 
DUCKS AND GEESE 

Ducks and gees do r ot requ1re as elaborate housing as 
othe· poultry. A buil1~ing for housrng ducks and geese needs. to 

be WPII igl->ted, ventilated, and dry. 
Each adu · duck requires 4 square ft. of facility space. 

Ducks require 1/2 SQU~re ft. of space durtng the fim wee'k. 3/4 
squ are ft. the second, square fl . the thfrci, and 2 1/2 square ft. 
by the seventh waek. A l least 1/2 linear in. per duel< I ing should 
be avai lab le for tel'ding •• nc: wmr ing during t• e f1rst 2 wetd!S, 
Increasing to 3/4 ln . cltniny 1111! third wee!< and 1 1/4 after the 
seventh wee k. 

IF fe<.l in conflnem•mt, each adult qoosc should have 5 
square ft . of fa<: ih ty spattl o~l/a1lable. Geese raqui• ~ 3/4 square ft. 
during the fi rst week, and 1 1 1 t2. squ.m-, ft. during the second. 
After the seco 1d week, rJepMding upo•· the weather, geese may 
be placed on range or pasture. At le4$ 3/1 linear in. per gost ng 
shoolcs be avarlable for fecdtng and watering durrng the flr5t 2 
weeks. 

The pro posed facility d esign m~nts th<JS!l ·equlr"menn of 
space and environment for ducks a 1d ge~e (see Figure 11 A 
fac ilitY 26 n. "ly 4 0 rt will provld iJdcquate space for 50 ducks 
or 40 0 geese. A ce11 ,e watcrwe~y provides dr 'nage w th a con· 
stant source of wate1 ~ree 8-foot sec t on. of ar autornduc­
fef!d water trough w I p rovide sufflcier t c ... po~c ty S ix raf19e 
feed ers will providf! an JCJequato supply o feed. The wate r tray5 
are placed on a 3/4 in. mesh st pported by a 2 in. x 4 in . . ares­
sure t reated \.JOod frame. A grnvel ' II permits waste water 
to perco laTe InTo a 4 in. rlt'lrn hne ernpry1ng into :.> leach prt A 
c ollection tanl-' can he installud for recovPry of liql id was'tc for 
garde!"' fertil izer. A 500-gallorr ~lock tMk pro~ nos ware 
storaoe. Ligh t i~ 1TOIJided uy 2-ln X 6-tn II squelln-covered win· 
dows which can be openeJ to provide venlilat on Add' tion.ll 
vent l1atio n is providl'd by two raot·mounted, bc..rn style venLia­
tors. The flo or, oth1 t 111 he waterway which is co11ered by 
the 3/4-in. me~". is cov'lred wi til straw bedding 

Two infrared LPN hroO<Iers rJ 0111d" adequ'CitP. space for 400 
gosl'ngs or 500 ducklings. Regular 36-in. tray feeders and plas· 
tic 1-ga llon waterers Jl ranged i-, thr configuration provided will 
suff Ce . An altermrtive brooder COflSISt~ or tour heat larnps SUS· 

pandad from the ranar~ w•th an adjuS'Ulble cham to regulate 
heat. 

O ne person , worlcm~ on <H I evArage of 5 hOLII~ p&r Wl'ek , 
should be able to manag~ the adrnlnlstrative function~ such as 
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F1gure 1. PtDpo.~d fiiCIII'tv riesi~ned ro accomodatl!' 1000 ducks and 500 qo:ese at Minro Viii:.Jglf (Alaska MMtJ91JmMt and Pl,tflnlng, 1980) 

puTcllasing, supervising tho proJect and marketing t o the local 
community. Supplemental labor for watering, feeding, cleaning, 
and other maintenance activities is planned to be provided with 
the mistance of a CETA summer youth -employment program. 

In order to avoid com plicat ed regulations. regarding proces­
sing, the ducks and ge~se will be marketed live weight locally. 
On a larger, commercial scale, the recovery and marketing of by­
products adds c onsiderably t o revenue, indicating consideration 
of a proces:5.ing plant. 

PRODUCnON COSTS FOR DUCKS AND GEESE 

facilities: The fixed costs of o peration include lhe land , 
fill, facility , and equipment. Land and fill costs for the pur­
poses of th rs village plan are measured in terms of its oppor tun­
fty costs, but requ ire no caprtal outlay. Since local food pro­
duction Is a prio rity, the o pportunity cost of land is not con­
sidered in the development of production costs. Land is not de­
prpciat~>d by canventron, and is not comidered an annual cost 

Based on 198 '1 prices FOB Fairbanks, the material costs of 
the 26- ft. x 40- ft . buflding and equipment is $3,843.12. Con· 
struct1on labor is estimated at $2,700; and transporta tion of 
materials by a local rruck at $.30 per mile is $82. 80. A l ,200-
bllshel feed- storage bin would cost approxima tely $1 ,200. 
Fencing includes enclosing 6 acres with 47-in. h igh hog wire 
supported by 6 - ft. steel posts placed 12-ft. apart at a cost of 
$1.393 for materials and $360 for labor Ducks d o not utilize 
pasture as well as geese and fenci ng costs could be reduced by 
half. Other annual costs include insurance et $45.4 5, repair and 
maintenance costs at $130, and electricity estimated a t $35 
from a local supplier at 42.5 cants per KwH 

The facilitY would ha~·e a m in imum useful life span of 15 
years. For purposes o1 thls project, the fix ed cost s are depre-
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ciated over 15 years on a straight-line basis. A total capit.al cost 
of $9,578.92, depreciated over a 15-year period resu lts In an 
annual per-goose cost of $ 1 60. A total capital cost otS8,702.42 
depreciated over 15 years results 10 an annual per- duck cost of 
$1 .16. Othe r fixed annual operating expenses re$Uits in an ex­
pense of $.53 per goos!! and $ 42 per duck. 

p,urcha$8 of Hatchlings: The lnitiel cosl per duckling FOB 
Fairbanks in 1981 was $1.76 and $2.25 per gosling Including 
a 5% morta lit y loss facto r and transportation costs. Cost for 
transport and 5% mortality loss to Minto are $.26 per duck and 
$.32 per goose. In itia l cost per duckling IS $2.01 and $2.57 per 
gosling. 

Labor: Assuming 5 hours par week labor for 0 weeks for 
ducks and 13 weeks for geese at a wage rate of $7.50 per hour 
gives a labo r cost of $.68 per duck and $1.22 per goose. The 
per-unit labor c~ can be reduced somewhat by increasing the 
size of the operation because many of the tasks are semifixed 
and do not increase proportionately with the size of the opera­
tion . 

Feed Costs: Feed costs, ll!ing 50:50 prepared feed and 
Alaska barley, result in a per-duck cost of $4.31. The same feed 
m ix results in a per·goose cost of $9.75 for geese reared In con ­
fl nemer'\t. Fo r geese on pasture provided <1 barley supplement, 
the per -goose fees cost is reduced to $4 29. For a confmement­
reared goose, it costs an additiona l $3.34 to p rovide 1.4 more 
pounds of gain, wh ich suggest1 that the most economical age of 
marketing geese is b!?tweon 10 and 12 weeks. It is more eco­
nomical to produce geese on range than in confinement. 

Transportation- Costs: Estimated transportation c osts are 
dom inated by the weight off~. A 500· duck operation will re­
qui re 10,500 lbs. of teed transported at $.11 per lb. for a total 
of $ 1, 156, o r $2.31 per duck. A 400-goose operation will re-



qu.re 12,248 lbs. of feod transported at $ . 11 per lb. for a total 
o f $1,347, or $3.37 pe r goose. 

Table 4 summari:zet producti on costs for ducks and geese. 

Ta .. le 4. Production Con Summary for Ducks and Get'lse ($). 

Ducks Geese 

Fixed Cost 
Capital 1.16 1.60 
Operatm g Expense .42 .53 

Variable Cost 
Duckling, Gosling 2.01 2.57 
Feedmg 

50 :50 Ra t io n 4.31 9.75 
Range p lus Barley 4 .29 

LiJbor 68 1.22 
2 1 .31 Straw Bedding 

Unit Cost 8.79 l 6.98a /1 0.52b 
Average Live Weight 

12.3a /1l.gb to Marker (lbs.J 7.5 
Cost per Pound Live Weight 1.17 1.30a/.91 

Note Toll' >'"lar>daTd productron costs lor 500 ducks is $4,395 and 
$6,392/$4,208 for 400 Geese. 

"C~t~ for ~se on 50: 50 f ed/barley ration. 

bCosts for geese Ort range p l111 bartl!y 

cFrom Tabh: 3 {1;? WP.eksl ~d Table 1. 

PRODUCTlON OF RABBITS 

Th e production p lan for rabb its is based on the fo llowing 
assumptions: 

• An initia l purchase of stock will result in establishing a 
breedlng S1ock. To prevent inbreed ing, male breeders w i I 
b e purch ased ovary two years. 
• Feed will be manufactured pellets purchased FOB Fair· 
banks. 
• The production plan is appl icable to any b reed, al though 
New Zealand Whne has been selected for thi s report. 

GROWTH CHARACTE RISTICS OF RABBITS 

Table 5 gtves the live·weight feed consumption and feed ef· 
ficiency of li tters ·vith doe and post weaning. After the age of 8 
weeks, females begin to gain weight faster than m ales, and a 
mature fem alt! weighs an average of 11 lbs. and a male 10 lbs 
Feed e fficiency for rabbits refers to the amount of feed re­
qulred to produce frye r· aged animals. Since the young generally 

Table 5. GroW1h Rate and Feed Conversion Efficiency 
For New Zealand Wh1te Rabbits 

Age (Wks.} Weight ! Lbs.) Feed Efficiency 

2 ,61 Doe and Litter 
4 1.32 4·8 we-eks 
6 2.64 8 · 12 weeks 
8 3 .96 12-16 weeks 

10 4.95 male 
5.1 7 female 

3.3 
2.3 
3.9 
6.2 

remai n with the d oe until market at age 8 weeks, the feed· effi· 
ciency rat io is calcu lated with the doe, and includes an average 
li tter size of 5.7 young The overal l feed efficiency for the pro­
duction of fryer rabb1ts should average 3.5 10 4.0 lbs. of feed 
per pound of live market we'ght at weaning (8 weeks) A New 
Zealand White doe with an average li tter will consume about 67 
lbs. of feed during the 8 weeks from b reeding t o weaning, an 
average o f 1.2 lbs. of feed per oay The average weight at wean­
ing is about 4 lbs_, loss than half the adult weight. 

REPRODUCTIVE CHARACTERISTICS OF RABBITS 

Rab bi ts reach sex1.1al mawnty at d ifferent ages de pending 
upon breed, nutritional nate, and other factors. The New Zea· 
land White reaches breeding age ul 6 1/2 to 6 1/2 months for 
both sexes. It is desirable to delay breed ing until8 to 10 m onths 
t o a llow for increased physical maturity and behaviornl deve lop­
ment. The range ot litter size for the New Zealand White is from 
8 to 10. Ovulatio n is rnduct!J by breedi ng and occurs approx i· 
mately 10 h ours after mating Fe.rt•ltzat:Jon occurs 1 to 2 hours 
after ovulation. The gestat•on period is 31 to 32 days. Rebreed­
ing can take place immP.dtately after kmd ling if not lactating, or 
28 t o 4 2 duys if lactating Thl} best rat!ls ot growth are obtained 
if th e young are weaned at 8 week~, but weaning can take place 
at 6 to 7 weeks, a llowing the sm.sller young tD ntmain unta l 8 
weeks. On the average, a doe can produce 4 llttilr~ p er yEar. 

HOUSING, CAGING, AND 1EOUIPMENT 

The purpo$e of housing Is to protfJ'Ct the rabbns from en· 
vironmental ext remes whtle permitting maximum growth , given 
the needs of the animal and ease of care. Space recommenda­
t ions fo r la rge single rabbi ts am 30 in x 36 .n . x 18 1n .. and tor 
large d oes with litter, 30 in. x 48 in . x 18 in . T he iacillty dt'· 
sign proposed in Figurei 2 and 3 allows for such space and en· 
vi ronment requirements, although an enclosed buildmg would 
offer greater enviro nmental control. 

The rabbit cages are constructed from 1 in. x 2 - in. welded 
ga lvanized wire mesh ( 12 or 14 gauge) on sides and top, and 3/4-
inch welded galvanized wire mesh 110 gauge) fo r the flo or_ The 
mesh is joined with wire clips crimped every 4 ins. The dimert· 
sions of the ca!r.JS are based on the m inim um space requirements 
quoted. Each cage has a nest box for cold weather and k•nd ling. 
The d imensions of the nest bo'< arc 12m x 121n x 20 in. Each 
cage is f itted with a sel f feeder and automatrc·feed water faun . 
For temperatures below freezmg, block ice is prov•de<l and the 
watering system drained. 

The shed is of pole collstruction wi th sides of clear fiber· 
glass panels. Aluminum roofing is used to reflect the summer 
heat. The cages are suspended from the rafters with thi! feeders, 
wate r founts, and ne&1 boxes located along an arslc for ease of 
serv ice. Wastes accumulate beneath the cages on <1 gravel bed 
w hich allows liq uid wastes t o drain. The water system is a 
gravity- feed d istribution to tndivldual, au tornatlc water fou nts 
in each cage. The cages are Clrtanged so that one male is sur­
rounded by five females that are bred by that buck. Each nest 
box has a card attached for recording breedtng dates, expected 
kindling dates, and other Information. 
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PRODUCTION COSTS FOR RABBlTS 

For purpose of d etermining Me uni t cos (pe r-lb. p rice), 
the weight gain of the hreeder stock is uni m porta1H and the 
only production factor is the we ight of fryer meat p roduced, 
T hus, 24 doos and 6 bucks, with each doe kinrJiing an average 
~ize litter four times a year. produces 768 fry e rs woighing an 
average of 4 lbs. to a total production of 3 ,072 lbs. annualry. 

Facilities: Fixed costs include thr. land, facility , and equl p­
mc~L Land fo r thts proJeCt h as no im rned1atc capita l outlay. 
Fixed fac1lity costs Include $ 1,91 3.75 for the cages and equip· 
men t, $1,268.55 for the shed, $2,700 const rucuon labor, and 
S 165.60 for transportation, for a total of $5,04 7.90 F ixed op­
erating expenses Inclu de insu rance at $42.34, repair and main­
tenance at $1 20.9 6 , and utilities at $420 .00. On a 15-yeaf, 
$traight- line depreciation schedule, the u111t. fixed capital cast 
al located per frye.~ is $.52. u n:t fi xed costE operating expense. 
is $.76 per f ryer produced. 

Feed1ng Costs: Fee<fing costs are de termined bv me price 
o~ commerc1nl pdlet feed a1 $ 17.48 pe r 80 lb s., or $.22 per lb. 
The a11erage rtoe with litte r wi ll consume 67 lbs. of feed rlu ring 
the 8-wel!k period from mat.ng LJntll w eaning. du lt coi1SiJmp­
lion rates for malo~ and nonpregnant does as 6 oz. per day. The 
slx males will con~ume 82 1.25 lbs. of feed ann uall y, and non­
lactating d oes a total of 1,269 lbs. Total f eed consumption for 
th-e oroduction of 768 f1ye rs is 8,52:2 25 lbs. A S.22 per lb., the 
totcl feed cost is $ 1 ,8 74.90, or $.61 per lb. of we ight gained. 
a11d $2.44 pe r fryer. Barley can be :.Ubstitutec.l in a 50:50 rnlx, 
lowering thn feed cost to an average of $.18 per lb., y ie lding an 
~v1n·age cost of $2 per fryer. 

Labor Labo costs are based or n average o 1 hour par day 
checkloq WAter and feed, breedirg d d reco rl keepm g, and per­
forming maintenance activities. Natio nal commercial rabbit 
standard tor labo r ts 8 h ours per doe per yea r (Arrington, 1 076), 
and w ith a 4 0- hour wee I<, 50 weeks of actual work, one person 
could manage 200 breed'ng does. At 6 hours a week fo r 52 
weeks an<l $7.50 per hour wage rate. the labor costs is $2,340. 
The co st o f labor ~er fryer is $3.05. labor eff ic iency can be lm· 
proved w1th 1rain ing and experience in rabbit management and 
Increasing the scalP. of operation. 

Table 6 summarizes the Production costs for rabbits. 

Table 6. Production Cwt Summary tor Rabbiu l$l. 

F ixed Cost 
Capital 
Operating expense 

Variable Cost 
Feed : Pellets/50 :50 
l abor 
Other 
T ransportation 

Unit cost per fryer 
A11r. rage weight (lbs. ) 
Cost per p ounds Jive weight 

aCost~ for fryers on Qelleu Oflly. 
b Costs for fryers on 50 ; 50 poiiP.t/bartey ration . 

SUMMARY 

.52 
76 

2.44° /2.00b 
3.05 

.06 
1.53 
8.53a/8.09b 

3.95 
2.16a/2.06b 

The production of ducks, geese, and rabbitS on a subs is­
tence level for il local market I< determined to be signi ficantly 
risl<.y given national prir'e structure. Cost metficiencies a rise 
from the lack of locally avallablu feed. htgh cost of transporta­
tion, and labor meffecienc.ies. These costs can be reduced some­
wha t by individuals reanng small numbers tor personal use, but 
a significantly highe r mortality ra-e may occu1 due to environ· 
mental ex tremes and predation by loose d ogs. 

T he recovery or by-products was not includeci in the plan 
of p roduction, b ut on a larger commerc ial scalo would contrib­
ute to revenue. Alt hough the co5t of su bsistence has not been 
calculated, the subsistence harvest I& a competing loca l so urce of 
ducks, geese and rabbits. Ducks were not found co be economi 
cally feasible for produetloll at thll scale evaluated . Given ode­
quate pasture, t"'e rearing of ge11se is competitive w•th nationa l 
prices. lndi11idua ls. producing fr~·ranglng 51f!eso in the backyard 
wou ld defin itely benefit, although thl! rate of growth and 
qual ity o f meat would no be as good as those feCI supplemental 
feed s. Revenues from marketl"19 rabbit skins would Improve tt,e 
marg inal return from raising rabb1ts 

Cont inued government ~ub$id'es in form of welfare and 
food stamps will d[stort the true co$t oi subsistence and de lay 
the consideration of local ood production. 
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Solar Energy for Grain Drying in Alaska 

By 

Lee D. Allen • 

Solar energy is free, un less one counts the cost of constw ct­
lng and operating a so lar collector. Even with a good so lar-col­
lector design, a co nventional heating system m ay still be needed 
because the sun doesn't shine at night. Further, the character· 
istJcs o . solar energy are such rhat hardly any collectable energy 
gets through a heavy cloud cove r. m aking ex.tended periods of 
cloudy WP.t~ther a serlous problem. 

Solar energy use is therefore limited to applications in 
which heat need not be continuous, or where solar hE.t<Jl !>torage 
can be provaded to even out the energy supply . Sin~ heat 
nora~ usually adds con$lderably to the cost of any solar energy 
collection installation, the least expensive so la r energy app lica· 
tions are likely to be those tha t d o no t requ1re heat st orage. 

The drving of :Jtain Is o ne application where at makes li td e 
difference when heat is applied or if the suppl-..,, is intermattent . 
It takes a lot of heat, 20 00 BTU's o r more, t o evaporate each 
pound of moisture corltained in wet grain, but heat at vllrY low 
temperature can be effecli~o~ely util ized. 

A ' lnir contains heat energy. If relative humidity level of th~ 
air is lower than 100%, the energy in the air can be used to dry 
gra"n. The lower tho hurnldrty, tho more avai lable energy lhe ai r 
has for grain drying. If the air temperature rises even a few d e­
grees, the relative humidity is lowered, and t he air has more 
energy that can be tran:;.fetred to the m oisture in the grain to 
facilitate dry ing. 

It seems, then, that drying grain in Alaska is a good po ten· 
t ial use of solar enargy. Rem oval or the ~xcess m o istum from 
the grain is not time-crit ical so long as the gra in is dried to a 
safe storage level of 14 to 16% moistu re content bef ore it has 
t1me to spoil. Spoilage usually occurs due to m old growth that 
takes from a week to severa l weeks to accumulate to unaccep t· 
able loyels, dl:lpend ing upo n temperature, moisture, and a ir-flow 
condit[ons. 

The Alaska Agricu ltura l Experiment Station and area far­
mers have been drying grain in Alaska using both bEta ted and un· 
hllated air for many years Grain d riers can be des igned to do It 
either way. Grain can be held fo~ several m onths using ~o~ery low 
flows or unheated air that cool the grai n. Low air flows wil l 
prevent moisture condensation and eventually d ry the grain t o a 
safe storage level. The us.e of higher air flow requires more fan 
energy, but speeds the drying process. The use of supplemental 
heat and h•gher a ir· trow rates speed the drying p rocess, and m ay 
permit multiple batches to be d ried usmg the same mach inery. 

About the only co mbinations of air flow and heaL that 
can't be used for grain drvlng •~ low air flows and modera te or 
high amounts of added hea t These cond tio ns dnve m oisture 

• Asrociate Proftl$sor, Agric:ullural Engineering, Agricultural Resean;h 
Cenmr, Palmer. 
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from the first grain contacted, but s ince rhere is not enough air 
ilow to carry the moisture away it c.ondcn~es 1n the cooler 
layers of grain. Then mold growth ts rapid, and liPOilage C<tn 
occur in les5 tl1an a week_ 

For a solar d rier, we have to design fnr conditions which In­
clude periods o f several days in wh-ch there may~ no sunshine. 
We wan t to use solar heat if it is available, but can not al low the 
grain to spolt if a period o f low sola' availability occurs. 

In our previous work at 1he Alaska Agricultural Experiment 
Statio n, we have f ound that total aar flow rates of 1 Y. t o 2 cubic 
fee t per minute (cfm} of unheated air for each bushel of grain 
wil l hold the gra in witf1out spoilage. By rhe time outdoo( tem­
peratures are near or below frl!e.z ng. the grarn will M.we dried 
enough for a safe storage at these cooler temperatures. By &pring 
the grain w ill be d ry_ 

Warm, clear days ~peed the drying process. Heat energy 
added by a sol1,1r collector w il l ~horten the drying period and 
theo retically reduce the time that the fans have to run until the 
gra in is dry enough to keep without continuous a1r tlow. The 
tans cannot be shut off for long penods before the grain reaches 
a safe storage m oisture level . but once lhe grain rs d ry there ·s 
no fut rher need for the expen:oe of running the rnns. 

By increasing t he temperature of the dry in~ air 10 or more 
degrees we have been ab le to dry grain with air fiow rates of 2 
cfm per bushel in as little as ono week. Since, oven during sunny 
weather, we can only collect solar hear abou t half the t rma, we 
can expect gra in in a solar drier to drv in 2 weeks to the '2 
months it takes to dry grain wlth unheated a1r. Th1s polential 
cost o f electricity sayings is the money that can go toward pay­
ing off the cost of t he so lor collector. 

We have operated a sola r grain drier at the Agricu ltural Ex­
pe riment Station's MDt.anuska Farm for two seasons. Our two 
commercial, 1000 - uushel. round, steel bins and 1ans are identi · 
cal. Design air flow rates are abou l 1% cfm per bushel whan the 
bins ;ne full of grain. One bin is fitted with a s.olar collector (see 
F igure l). 

The so lar collector is of sam pl& design. Aluminum roofing, 
painted black, w as installed aboul ao 1nch outside the bin wal l 
to form the collectpr (sec Figure 2 1. Wood spocers and the holes 
cut in t.he metal bin to admit warmed air are shown in Figure 3. 
Heat from the sun 's shining on the black aluminum is trans· 
ferred to the moving air t"lehind the sheet. The heated air is ad­
mitted to the b in and drawn down through the grain to remove 
moisture <JS it passes (see F igure 4). Some heat is added to the 
~ystem by th e black roof. The amount or heat coiiP.cted Is not 
critical t o the sat isfactory ke~ping of the gram, but any sola r 
energy received shortens the drylng time. 



F1gum I .S '"''~r 1000 h rJ hr./ steel drymg b ms were consrrur:tl!d wrth 
Ontl lrttrd wr•fl w!a rollt...;tr>r. 

Can~truct on o our b ins was completed ·ust before tht 
1979 h rv m Whe, ha rvest started Au gust 30, •he moisture 
cor•tent o1 tiH> oarlnv was 25%. Harve~t continued unt I Septem 
her 10. w~en the Stdodlng grarn 311Craged 15.55% mo isture. 13 in 
samplmgs that rlay i'ldicated thllT thf: avr.rage moisture co ntfml 
In ttHl solar bm had bi)en reduced to 14 68% and to 15.10% ln 
the corHrol b11 While the added heat to the ~ala r bin result• d ·n 
grain about 0.4"-; driu han tht control , thr~ is no t enough lif­
ter m:e to allm' the fan on the sola hi to bt snu · oft tw fart. 
that rn tho control bir . A. addrtlonal week of f,,n o peration rc· 
suited i11 1e control bi 's contain ·ng 15. 18';, rr oi~t re m th" 
barley, v h re h tin ~hi! solar bin co ;,-ned 15.01 Yo moist.JN. 

In 1980, h*' gnin agair ca~e in at just Ul')d r 17~ mor UJr 
content. Contrm ous c oudy weathe r after harve t resu ted n no 
dtffercnce in pt formance betweP •he two bins. The gnm m 

FNJure 3 . Holds Wl'rll cuz m tire bm .Vi!• I ar ,,,,. top o f tho air p.1$!;.'1ges ro 
admrt warmed nrr to tht biFI. 

Fl(lure 2 . The (fir •oJiects hlllit "• 1 paHe:> lflrougfl rira l·rnch ~acP I.Ju­
lwc, n the IJ lur.k iit<Jmmum &I>• t 11nd tht! om 'tla/1. 

ooth bins dried to 14% noistun. cor~ent in two weoks but rn­
cr.,asec to nearly 16% In the nex t two we s. Two CKfdrtional 
weeks of fa operation brought both brns tCJ below 13' ·% mo•s­
ture content. Without sunshine, no d fference . '1 tl e d ryi11g 
characr'!ristics o1 the two brns would bP expPcted, and none was 

l" l J 1 ~ 
l 

l l 
.e:ftllltl~ 

_] 
"'-' .. 

F igure 4. Schematic diagrlm showmg how 11it passes through rite f!tr solar 
collecror before beiqg drawn down througlr she (Jfilln. 
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FifltJff! 5. Gramm the un/IP.stP.d otr tun drtsd quick IV in 1980, bu t surface 
IB'(WI h~came wettP.r m rJ oariod o f ramier weathllr. 
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F1(iur11 6. Due ra cloudy W«<ther, the drytng r:uNes f or thrt solar-heated 
bm ore 1imrl.r ro thosll for thi! brfl usil?j1 onl';' unheated air. 

- - -
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Ftgure 7. No mcreJ.!i4 in thll 11vt1rage dryiflf} r.1tlls or final m oistufe contltnt 
wt>re accompllsJuJd b y the solar b in In 1980. The m o>.HUrl' inc •ease i n 
bOth IJm&· during rainy tvearher ind/t:ates the fan.< should'" shu r o ff dur­
''19 th11 ptlriods o f high humltllt y. 
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observed, as can b~ seen in Figures 5 , 6, ;Jnd 7 (The ~our depths 
shown on the curves on Figures 5 'lnd 6 are the depths at which 
samples were taken.) Inclement WP.athtlr and high humiditY re­
sulted in an increase tn stored grain mo,sture cont.ent. The upper 
layers INhere the air entered ·ncreased in moisture content more 
rapidly and dried out more quickly w hen mom favoratJie weather 
came a~am. 

In thesE; tests, the ran' wtm• un continuously. Sorne tm· 
p roved pe rformance could bP. obtained by operating the fans 
only in rhe d ayume, o nce tne Initial h1gh mmslUre content is 
rcmoYed. Operatio n of tht> tans durin!] ttmes (at night) when 
dew is forming results in the deposition of t he moistur~ m dry 
grain. 

Figure 8 . Till" tOO"' F tl'lmf)llr.rtul7h ar rhe QJ: of rill' soltr colltiCtor when 
the fiitlS wt~rll shut off >how th(lr rht• collector ~ou/d f!ffectivelt ;tdd he.H 
ro the rtsrem when til ~un won ~hmmg. 

Solar energy can lle captured and utilized in Alaska for dry­
ng grain. A$ It happened, in t he rwo years that we have oper­
ated our so la r grain dryer, no reduced drv1ng tijme or tinanclal 
savmgs could be determined. Figure 8 shows a thermometar n 
the solar bin a ir intake which registers 100° F tt temperature. 
However, temper;Jtures were not this high with the fans running . 
This does confirm tlu'lt solar energy is being adned to the system 
on sunny days. Operating temperature mcreases of 10 degre-es 
have been recorded at midday in tho s.olat bin on clear days.. 

Even in a wel l-designed solar gram dryer or other solar 
application, the user must con&ider the possibility of ex tended 
cloudy weather or o thP.r camlltlons that lengthen the t ime in 
which the system c<~n pay for itself. The sunny cond1t1ons we 
encountered rn 1979 111ade th solar bin adaptanon unmtce.ssary, 
since the dry air at tha t rime made quick drying possible w ith­
out solar help. The c loudy conditions encountered rn 1980 
m ade the sola r ad aptation tneffectrve 

Our d rying fans cost about $6.00 per day for electrical 
power. This represents a potential annual savings of up to 
$250.00 for tne so lar d rier 1f the drying period could be short· 
ened by s ix weeks. 

Sola r collectors costing up to $ 1000.00 could be amortized 
by electncol p ower savmgs in as little as four years. However. 
for t h&se maximum p 01ential savings to be reCJiiled, ideal 
weather conditlons wou ld have to be encountered, and Initial 
gram moisture content would have to be hfghnr than we have 
experienced . 

We cannot presently recommend solar collectors for grain 
d riers in the Matanuska Valley, bt'Caus.e we have nol ~per· 
ienced an y savi11gs from rwo years' use . In areas whr>re grain 
m oisture content is higher at harvest, or where more sunshine 
occurs. there is a greater chance that some return on the invest· 
ment in a solar grain dner could be reCJiiled. 



Nitrogen 

Transformations and Availability In Alaskan Soils 

By 

George A. M•tche11• and Joseph A. Offner•• 

An :malyiis of a sa .. l samole tak•m from the plow layer of a 
nowly dearerl and broken £oil in Al t~ ska'l> Tanana or Susi lna 
Valley wnuhl indlcale hat it contains, on thr. average, about 
4,000 lbs/acre of total soli n troge'' (Nl. Know ng lhis, a pro· 
spective farm~.>r may he somewhat surprisect to nd that he can· 
nnt grow a satisfactory crop wrthou~ applyr g tertilizer contam· 
ng 1 N source . He has observed what s:ml sci!?r"Jtists di~covemd 

decodes ago: plant a~ailabiP. N rarely exceeds 2'\ of the total N 
If' thr root zon~ at any given time. The remainder is comb1nP.d 
In organ•c compounds o varying degrees of complex ity ancJ can 
he used by niJ ts on1y after U1ese comnounds are decomposed 
and mln'lral 1\1 released, primanly as ammonium {N H4 1 and 
nitrate IN0 3 ) . If we U e our inquiry a step further and com· 
pan~ • ecovery of fl. by the croP w1tn the ;~mollnt applied as 
t"Pr•ilizer, the amoun recovllt ea is usually l!!s.s than thm appl iod. 
rhe fate of the u used potttOn of N may includu temporary 
tmmobilil.ation i1 .he soil or pnrm<ment loss rh10ugh mechan· 
sms of ga!ieous release to the atmosphere am:. leaching lossP.s lO 

the SIJhso L 

li,P. pathways of N in sml and plant; are extrem!l ly com· 
plex. N troger is mom mobile and c, n exist In rnore dlHP-rent 
combined io•ms th.m o•her plant-esserll ral nulrrents. Even un· 
der 'atural condifions, N ;1 an sJo• mntJons occur constantly •n 
what 1S referrlld to as d y am1c equllibnum. Under such cond1 
t ior ), !>oil N content, a!> dictated by climate. vegeta1ion, anrl 
parent ma1enal , •s relatively constant. 

Cultivation dim pts the natural oqutlfbnum and reduces N 
content. 1' e soil ulli!T1at11ly reaches a nHw cqU11ihrium, his tlmll 
dictarod 1• large pari by cultJral pracuces. Wtm the commence­
ment of crop ~o~roduction. native. soil N usually cannot be 
counted on as ii solfl ~our~ ol suppiy, Muc h of he f\.: n>.quirc· 
ment far crop~ must come from odernal sources, primarily 
through N- fixation (legur• es• or fertirzer N applications. 

Highar costr, for tossil fuols used in synthesizin g rerti lizer 
1\l wrll probauly I avr. <· sigmf cant impact on use of this nutrient 
to1 crop productoon Thrs H!~lntnnr1 on w ha has been rctat"ve­
ly free use of N ter1 llzer comes al a tinw when Alaskan agricul· 
tur"l acreage i~ expanding at an unprr.cedentad rate. Tllrs com­
bination o t events wil l reqwre ~newed research e flom io th(! 
area of N-use eificicncy For bo~n natwe and 1ertJHzer source&. 
Tlw remainrter of this discussio n w II bnolly summarizt> frrst­
y.r. r field und laboratory stud res mit atecJ rn 1980 t o study N 
lr&n>to matiom and avai labil"ty n cold soils. 

- ---- - --- - -- --- -- - -
• As•l.•laolt Profrli50r, Agronoftly, At;m culllmll Aesea.rch C•nt eo . Palm11r. 

• "Tethnic•sn Agromony, Agricultural Aese:trch Cen ter, P11 lrn•r. 

NITROGEN PROPERTIES OF SELECTED 
ALASKAN SOl LS 

Despite relatively hr!Jh organic mattct In many Alaskan 
so•ls. the contnbution of na lve soil N to crops Is not great and 
response to N fe rtilizor is well documF;n ted flaunhlln, 1963, 
1969, 1971 , Laughl in et ai ., 1976, 1978). A possible ex plan< 
uon can be found in Tilble 1 which shows coMoansons o r pPJP· 
erth:s irnport1n t to N fertl latv between selected Alaskan soiL. 
As a general rule , set I$ v.rth hi!Jh rllllos of organic carbon 10 
organ•c mtro~en (C.N ratio) tl!nd 10 immobil ize N while those 
h~N rng low ratios tllnd to mlnerali1e or release N. On the a11er­
age, tha Alaskan solls esrecl had much higher C: N rat ios than 
are generally found n m lner ill ~o• l " m temprrale regmns. Tho 
lone ~xception was rhe Kach mak. series from .t'e lower Krnaf 
Pemnsula w ith a ra tio more closely nk in to temperate regrons of 
rhe world. 

Table 1. Comparison of Soil Properties Important to Nitrogen 
Fertility in Selected Agricul LUra I SoilS or Alaska. 

Organ c Total C :N "' S o ol Seri•lS l.Oc; ! lOll pH Matt r " Rallo Mlnl!lo1 ll ~;lt1Dn 

--~-- lb/a/d y 

Bod~nourg Pal~re~ 5.9 "/ .5 0.19 73 07 
Hom est and Pt . M .eKenr.a 54 6 .0 0 .14 25 0.3 
Kachem01k Hom r 4.9 12.6 0.63 12 3.9 
Kn ol.: Pa l me 6.1 f.:i6 0 .18 2'J 
Rab cltux Tolkeotna 5 ,2 11.7 0.37 19 
Vol•m11r Oel o Jet. 5.5 8.3 0J0 24 0.8 
Susol n u TraooerCrk 5.<1 6.6 0.22 .a 

46v I soli •~mpe nlurl!. 

Four of the so ils wer' Incubated for a two-mont! period in 
lhe 'aboratory to measure Lhe rate of release of mroeral N trom 
the organic fraction {mineraiJZationl Aqain . thf' Kach"'!mak 
series stood alon.: with a capacrty o relea!>f! the equrvalen1 of 
3.9 lbs. o f elemental N pe 'acrr:. per day cornpar!!d tn less than 1 
lb. per d ay ;or soils ha~·ng C.N r<~tios greater han 20. The 
reader rs cau lioned that these values epresent release unde r 
oprlmum condttiOil& and ilrt: undoubtedly somi!INhat hsqhAr than 
would occur in the fit:1d . These results. a:ong with esearch 
reports from o ther areas wou d Indicate ·hat the occu~rence of 
h igh C: N ratios ,., many A'askan !>C'>i l~ would not tavor release of 
o rganic N to plant- ova1lable form~. Thi~ s not to say th\11 
cultural pract ices cannot bt: found rhal w II improve, orgar>ic N 
release; however, cold ~o I terrp1H&Iure:s would certainly be a 
limiting foetor. The inco~poratlon or low N plan l nmduc (I.e. 
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barley straw) would further widen the C:N ratio and quite 
probably result ln a 1le-up of fertil izer N. Residue management 
on newlv cleared soils m the Deltn Junction and Pt. MacKenzie 
agricu ltural projects will hkely influence N availability to suc­
ceeding crops. VVhile residue incorporilltion has many advan· 
togas such as building organic matter, or increasmg moistu re­
holding capacity, there are problems associated with N immo­
bilization which must be recognized . 

At the p resent time, the use o f all types o f organic amend­
ments must be practiced with caution. In the absenc-a o f re­
search conducted in Alaska, about all 1hat can be sa id with any 
degree of confidence is t hat these materials wi ll react d ifferent· 
IV in Alaska than in temperate regions. While temperature is 
the prime factor responsible, the following discussion of urea 
will show that other !acto rs not commonly found in most 
agricultural soils ot the world, are also at work. 

UREA: A NITROGEN SOURCE FOR ALASKA 

The presence of nn in -s-rate source of urea fert.l lzor with 
re'5Uitont price advantages has stim ulated Int erest In Its use. 
However, in stu diG$ too numerous to cite, its etfectiven~;rs~ . 
particularly when surface broadcast, is etten much less than 
other N sources.. Significant losses can result from ammonia 
(NH 3 ) volatilization and occur under conditions of high soil 
pH , high air and m il wmperatutes, and high evaporative losses 
of soH moisture (Terman, 1979) . While th is combinatio n of 
conditions is uncommon in Alaska, bromegrass yields with 
urea have been shown tn so me years to be as much as 27% less 
than those with surface-applied ammonium nitrate ( Laughlin, 
1963}. 

ATMOSFJHEFIE 

F;gure 1, Ur~ rran~formatton ptUihl!lly $ in til• stlil. 

Transformation pathways for urea in so1l are shown m 
Figure 1. That thes~: palhways occu r in Alaskan soils is 110t in 
1uestian. The laws of biology. chemiw-y, and phy>its dictate 
that they do. The real question is; How rapidly do the t ransfo r­
mations occur and which products are favored ? Before urea-N 
can be used by a crop It must be converted to NH.l by a p rocess 
cal led hydrolysis. In this process, urea is f irst co1werted to 
(NI-t~ hC01 which then breaks down rapidly to NHJ . When this 
occurs on the soil surface and co nd itions are appropriate, a po r­
tion cr the NH3 esca~ to the at mosphere and is lost t o the 
f)lan . The remaindnr is ad$orbed by t he soil and behaves as any 
other N ferttllzcr ~ourc:P J\rnmonla loss to the a tmosphere is 
dependent, among o ther factors, on the 1 ate at which u rea Is 
converted to N H3 • The more rapid the convers ion, the highe r 
the potenti::tl for N H) loss. A second 1mportant reaction in the 
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urea pathway is the conversion of s.oil NH4 to N03 lnitriftca· 
tionl. The rate of this conversion can have important 1mplica· 
tions in terms o f the ultimate availability of urea· N to plants. 
Both u1 ea hydrolysis and NH4 nitrification are temperature­
dependent reactions and essentially no data are ava1lable on t he 
rate at which they occur in Alaskan soils. Both lahoratory and 
field monitoring studies we e begun In 1980 to collecT s~.~ch 
info rmation. 

Four soil series (Volkmar, Bodenburg, Homestead, and 
Kachemak silt loamsl from geographically divergent locations 
{Table 1) were selected for laboratory incubation studies 
Fifty -gram samples were incubated ln controfled-en•monmcnt 
chambers at soil temperatures of 8 and 16°C (46 and 50°F) 
for 8 weeks. Urea- N was applied at a rete of 1 OO~gN/g of soil 
(200 lb./a.). Three repl icates of each treatment were removed 
from the chamber at ttme intervals of 1, 3, 7, 14, 21 , 35, and 
63 days 1nd analyzed for urea- N, NH 1 "J, and NOr N. 

1i I 

IIICUIATIOI Tlllf (WISl 

Figure 2. Effecrs
0
of soli type on urea-N uansft~rmtJt/On ov1r timP. {soil 

temperarure- 46 FJ. 

Urea rransformat1ons over tame for the low temperature 
treatment arc shown 10 Figure 2. Convars1on of urea-N to 
NH4 proceeded very rapidly on all sells and was 50% corn-
plete withm 24 hours; and hydrolys1s was e-ssentially complete 
by the third day following anphcation. These n~sults are m 
aoreement with msults on California mils at s1mllar temperat­
ures {Broadbent et al., 1959) but are at ocfcls with findings on 
Tennessee soi ls wh ich showed substantial amounts of u rea· N 
persisting for 5 weeks at soil temperatures ot 10°C (Fisher and 
Parks, 1958). The rapid hydrolysiS of urea In the Alaskan soil5, 
while not a posi tive indication, would set the stage for potential 
loss of NH1 to the atmosphere. Soil type had a profound effect 
on the conversion of NH4 to N0 3 . The Homestead .erie~ 

showed no nitrification of NH~ and th" Vol mar series demon­
strated a capa~ity. to mtnfy (Jnly 30% ot iu NH 4 o~er the 8 -
w~k period. The Bodenburg and Kachemalc. nitrified 75 and 
90%, respectively , of £heir NH1 ; however. most of the Kacho­
m ak nitri fi cat ion occurred during the first 4 weeks, while mat m 
the Bod~nburg t ook place in the last 4 week$ of the incubation 
period. Slnce temperate -region sotls often show 80-90% nun­
ticatton within 2 weeks at so1l temperatures of 20-25" C (Broad­
bent e1 al. , 1968), temperature is a major factor ·n the low rates 
reporle<l here. 



Table 2. Effecu of SoJI Temperat ure on Urea- N 
Transforma~ion Over Time on a Volkmar Slit Loam 

(Application Rate = 100/Jg Urea -N/g Soil). 

Sampling So1l
0 

Soil N Soeoes* 
Ttm~ r mp c pi~ Urea-N Nt-1-a·N NO-..-N TOld I ----

· · -- · 1:-1~ Nrg .. . . . . - --
2<1 fir. 8 5.54 21.0 78.8 /..5 102 

16 S.56 11 .0 84 .7 2.8 99 
!)av 3 8 5.55 10.5 87.?. 5.6 103 

16 5.53 3.5 87.3 6 .6 !)7 
o .. v J a 5 .52 97.4 6.6 104 

16 5.54 92.0 8 .6 1Qf 
'JdV 14 8 5.50 89.3 7 8 9/ 

16 5.54 93.3 101 103 
Day 21 8 5.46 89.0 8.2 07 

16 5.3 7 78.1 15.1 33 
Dav 35 8 5.48 86.7 10 . , 97 

T6 5.04 60.6 38 .3 99 p,,.,. 63 8 5.20 73.8 32 .5 106 
1b 4.90 20.6 8 7.3 108 

¥Mt!an.o of Lhrei! r11p ·a~lll analyses. 

The effects of temperature on urea n-ansforrnat ion foi the 
Volkmar seri11s are shown in Table 2. Low tomperature m· 
tanlt!d u·ea hydrolysiS somewhat and h<ld a very significant ef· 
feet on conversion ot NH4 to NO , . Terr1Perature had lesser ef-
fect!; on the transformations In the Bodenburg and Kachemak 
soarie~ and r,ad no~ftect on the Homestead soil (dare no t shown!. 
V\'hll temperuturn effects wero evident, the very great d iffer­
ence~ between soi sat th~ same tempP.ratu re would ind,cat~ thrn 
orher mechani~ms are also mhibitil1g NH4 corwemon. The two 
lowest N03 producers, !he Volkmar and Homestead series, are 
both recently cleared forest so ils at Delta Junction and Pt. 
MacKan7ie, respectrvely. Nrtrification inhibition in these soils 
probably results I rom mhlbitors produced by decomposinQ 
forest litte r. Lodhi ( 1978} showed positrve evrdence of n itrr tica 
rrcn inhtbition under d ifferent domi11ant tree stands. Inhibition 
has al~o been reoorted when uma was applied to Dou!)las fir and 
~o·o~estc•n hem lock stands in the Pacific Northwest and was most 
severe in soils having C:N ratios greate r than 27 (Heilman, 
19741 At least one report has implicated spru.ce. a dorninant 
specieS on tl1e Volkmar and Homeslttad series, in nitri1ication 
inhlhi ion (Viro, 1963). It should not escape notice that 1he 
riqhest NOJ PiOducPr repot red here W<JS thll Kachemak series 
which i ~ foun d under permanent grassland vegeta tion. 

The evidence IS not clear wrth rP.gard to plant prefere 1ce 
for NH4 versus. NO,~ 1orms of nitro!_Jen. While N•14 acc umula­
tion in the p resence 0 1 low p f-i has been shown ro ha'm detri 
mental eff~>cts on crop yields {Barker et at., 1966; Blair e t al., 
1970: Croo e. 1980). it is general ly bel ieved that bot forms 
arn equally utll17able by most c rops. There are other advan­
taqes and disadvanrag~ to having N available ill ,hi! NH 1 as op­
posed to the NO, form. SincP Nl-14 is much less mobile in the 
soi l, leaching losses of soli N are less when NtiJ is the domi­
nant avililable N form . Another advantage 1~ retatP.d to soil 
acic! ftcation from N fertil1£ers. The acid is produced when 
NH i~ converted to N03 {thll H+shown in Figure 1). If Nl-1 1 is 
utiH1ed by t he plant beforP. this conversion occurs, less acid1fi· 
catto 1 would be Elxpectr.d. This could be a del' nita i!d11antage in 
Alaska. wherP lime cosu are prohibitrve f or largv, -scaln use. On 
the nagative side, NH" accumula tion In the soil milY aggravate 
the probrem of NH1 loss to the atm(l!:pherc mrmtioned earlier. 
Wh1u1 nitrificat ion of urea i~ retarded bv as much as GO% by 
artificial inhibitors, N H.. losses to the atmosphere have bmm 

shown to Increase subsmntrally (Bundy and Bremnt!!l, 1974). A 
simtlar mflchanism may 11elp oxvlain incidents ot compartttive­
fy poor pl'!'rfo rmance o~ urea in Alaska, where conditions. would 
no t normally be considered favorabf for NH ~ losses. 

Althou~h the5e Cll-tserva ions ~remade 1n a carefully con­
trolled envi ronm ent. <1 vergc:nt beha\'icr o~ soil N would also be 
expected under eQually dlveroent condit10ns of climate and soil 
deve lopment ln the f eld. Whtle field verific:i:ticn and interpreta­
t ion will req uire extended sl dimt m a number of locations, the 
fo llowing fie ld ma mtoring Hudy will offln :soml! ins•gn 

UREA PERFORMANCE IN THE FIE LD 

An atteml) l wa!> marle m 1980 to monitor ureR tran!>for­
mations when ~urface-applied to b romegran in rh~ r~eld and 
thc'1 to compare these with uansfor"l1ations and ava·lability of 
eqUivalent applica tions of mmon1um nmatc. The two N 
sour ces were compare(! at drtfp,rent applicatio rates, howevet, 
only the 120 II:Js. N/A rate will be dJsciJssl?d here. igure 3 
shows the form <lnd content of available sml N throughout rhe 
grow1ng season along with N uptake by the ~•rst 11) and second 
(21 bromegruss cuttings. Ttle soi l was a Knik serie~ wh•ch has pH 
and organic N propenles similar to the Bodenburg (Table 1 ). 
As was the casll with the incuhnt'on Sludms, urea hydrolysis 
proceeded rap id ly with only trace amounts of N present in the 
urea form 4 davs fo llow1nq application. No rainfall was re­
corded in the first 2 week> follow•ng appl1cation. This. 
coupled with rapid urea convcr~ on, would set the stage for 
NH 3 losses lO the atmOSphere. 

1•·.---------------------r-------------------~ 120LA A .lii110M£11111HT11All 

F 1gurco 3. $P.asonal rulotianslup berii'>Hr. tiV.tt/llble ;Qt/ mrro!l~'n form s 11nd 
n•rtogen uptake by bra mP.grass as ifffected by muagen s()urc~. 1980. 

Very P.arly in the ~easor total available snil N (NH4 I N0 3 ) 

content on the urea plots was a significant 30% les.s than on 
ammonium n•trate plot.> and was consistent over tl1 e{l samp­
ltng dati-!S prior to crop romovaJ. A substantial amount of N 
had apparently bcon los1 from the urea plot5 and thrs was sub· 
stantiated by a 15'11. lower f rst · cut y teld (data not shown) and 
17% lower N uptake by th!l crop ·w-hen compared wi th ammon­
ium nitrate. All comparisons were statJstlcally significant 
(P< .05), While N f-f4 was the dofl'llnant fll form present in the 
urea plots, a preference by rhe crop for N03 Is an unl ikely 
explanation for reduced uptake. The evtdence strongly supports 
NHJ loss to t he atmosphere, prob<Jbly In the fi~t 4 Jays follow· 
mg urea :lppllcat ion, as the principal mechanism respomible for 
the somewhat Inferior pertormance of urea. 
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T hese diffu rences 1n N use efficiency between urea and 
other N sources do not occu1 in the same magnitude all years 
nor in all locations 1n Alaska. Climate, particularly ratnfall 
patterns, can have a major impact on rhe magn itude of loss. 
For example, Dr. Winston Laughlin failed to find s ignificant 
differences between urea and ammonium nitrate as they af-
fected bluejoint y1elds on me lower Kenai Penmsula (unpub­
l•shed da{a). No differences were observed in ba rley y ie lds at 
Ddta Junction in 1980 using these same N sources (G. 
Mu:haelson, unpublishe-d data) . In both cases, the reason was 
probably related to incorporation - by rainfall on the Kenai 
Peninsula and mechanical ly at Delta Junction. These latter ob· 
servations are in agreement with results from other regions 
whtch indicate that .ncorporated urea is an effective N source. 
It is also Important to remember tha t, In m ost years, N losses 
from surf~ -appHe<l urea aro no more than 15% greater t han 
other N sources_ While th is represents a signaficant loss, lhe 
cost advantago of urea must cert amly be taken into consid!lr­
atlon 

CONCLUDING REMARKS 

Cold temperatures in subarctic Alaska havo left and con­
tmue to leave a unique Imprint on thE' genesis of soil nitrogen 
and on its transfo rmation and availability to plants. This d is­
cussion only serves to scratch tho surface with regard t o the 
behavior of sotl nitrogen. In the next decade, most A laskan 

agricu ltu re w ill take place on newly cleared forest soils. Nitro­
gen management will be en import.an t factor in the sucalss of 
new farm mg projects. Fenillzer nitrogen represents o ~igniti 
cant econom ic Input. The overa ll imJ'IIiCatlons of the observa­
t ions reponed here are noJ clear. However, the N · transforma­
tio n p a tterns arc cl arly different from those which occur at 
more tem perate latitudes. It follovJS that N research informa­
tion generate<! in o1her reg•ons must be u>P.d wllh caution m 
Alaska. Agricultural Experiment Station staff members at Fair­
banks and Palmer are currenrly conducting research which in· 
eludes variab les of nitrogen rates and sources, cropping se­
quences, tlllnge pracrices, lime application, and many other; at 
Del ta J unction and, more recently, c11 Pt. MacKenzio. Those ef 
fo rts should greately increase our knowle-dge ot efficient ni­
trogen use and reap ocon omlc benefits for Alaskan farmers. 
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Whor can he do11e when biso n and .agricu.!ture rne•r h ead-on m Delta Junction? 

Alaska·s Bison 

A Game Biologist's Range-Management Problem 
By 

Jay D. McKendrick* 

Ex ploit ng buffalo f or 1ides and 'Tleat in ~he 1800s removed 
W1IJ b1son, leavmg space available for ,1gritultu rat industrial and 
huild1ng development>. For"unately, specimens of the once­
great herd~ rema ned. Howe11er, some oi Alaska's agricul tu ral 
pioneers In t he 1980s are now fac ing pro blems "" tl' bison pre­
datioll on new croplands. But Alaska's bison a ro probably no t 
dest•ned to the same " removal" me1 hods of lheir counterpa1ts a 
century ago. A combiration of public pressu re and il hundrad 
years ot progress can al low Alaska to k£"eo the biron and harv~s l 
barley ·Js weJI. 

The Un.ted States Department of Agricultu re (USDA) in­
tJodu~d 23 bi$on into Alaska in 1928 (Burris and McKnigtH, 
1973} The an•maJs came from Montana and at that time 
represenled the only specimens In our state. The ef'ort was part 
of an e)(pl'!nmental w1ldlife-imroduct•on program . The animals 
were released in 1he vlc1n1ty of McCarthy, Alaska (now Delta 
June! ion) . 

The USDA experiment ~ventually resu lted in the several 
bands of free -roaming bison that now complise thP Delta 
Junction herd . In turn, animals have pe iodicaJry been removed 
!rom this h .. rcl for transplant to other regions In Alaska. OUtside 
of Vrllowstone Pa• ~ . Alaska's herds are probably thr. only bison 

in the United Snnes not roniine<:l by fences. There arc free­
roaming b ison in Canada's Wood Buffalo Na tional Park wh ich, 
like the Yellowsto ne herd II!X ist vmhout management (Meaghe r, 
19781 . Unlike thl?' na tion;,!- park bls.on. however, AlasJ<a s Della 
Junction herd has bc~m mannged by l1mitod hunting, salting, 
mineral supplementation, and other attempts to co ntrol num­
bers and movement. During thr:> 19305, the nerd app\lrently 
ranged among the streambeds of Jarv s and Granite Creeks and 
rbe Delta River (see map), and mcreaseri ov11 r 60mo to 150 hPa<J 
in the 8 years following tts release IGabrielson. 1936), 

In The Delta Paper Clf 3 Jun" 1981, Dave Johnson, Delta 
Area Game Biologist for Alaska Oepartm~nt of F1sh and G<~me, 

reported a 1981 count of 352 head of b1son, including 5 1 new 
carves, in the Del ta River area. There were perhaps more animals 
but they escaped detectton m th~ ?98, survey, In that same 
month, the Alaska State Legtslalu re was considering ill least 
tour bills with appropriations am01mting to nearly I aiF a mill ion 
dollars ei ther to comp~nsate farmers tor or to otherwise pro­
tect farm crops (primanly barley} irom dnmage inflicte-d by t he 
roving bands of bison from the Delta Junct on llerd. 

It is doubtful rhat thP. USDA zoologists wlio released the 
bison in the 1920$ ever env1sioned iHiY conflict between the ir 
anim<lls and cropland agriculturo:: . But five rleradcs aft er release 
of the bison, the state of Alaska has Pleetoo to lncl iJde agricuf· 
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E11~n;s• of open vegetiJtiOn along the OtlltiJ 
Rr11er contr.tstmg w ith thtf closfld forest (fortt­
ground). 81.~011 fo r ilgtl m such openings along 
Utl\lmt m the Delta Juncr1on 11icmfty, 

Foresr floora prUinde sparse forage l or b fson 
and other ungulates m rhe Deit~ reg10 11. This 
aarly -sormg photo show• o nly 11 few leafltm. 
shrub1. which o ffer (J'rrltJ nutrition to bifon at 
callltngrime. 

Optmmgs 1n the forw.t 'fl~ld " grass 1md forb 
crop wfl,ch is sought by thb froa · roam.ng b1~0t!. 
Notice how co~Jt:tmrratlld rravel o#nd w~llowing 
no.< remot~IHJ all Jiving phmr cover at che edge of 
the toran •n rhi~ photo. 

tural production in its renewable· resource development pro· 
gram. That !JOal includes cropl.and farming near Delta Junct ion, 
where crops may be ~ubjected to bison damages. 

The state's goal Is to have 500,000 acres. in agticultun~l pro· 
duction by 1990, an acn~age that could yield enough produce to 
meet a significant portion of Alaska's food needs. Present ly, 
over 95% of Alaska's food is imported, while at the ~ame time 
she exports most of her nonrenewable resources. Currently, the 
Delta agricultural project designate~ about 100,000 acres fo r 
cropland development, or about one-fifth of the state's 1990 
goal. There is an estimated 20,000,000 acres, about 5% of 
Alaska's area, suited lor agricultural crop production (Rieger et 
al., 1979]. 

Clearly Delta's agricultural project and b ison herd are 1m· 
portant renewable resources to Alaska. But the bison have 
damaged l)arley crops through trampling. 

moved protective plant cover; 41 apparent soil lnfart!lrty exists , 
and 5) unpalatable trees and shruos are dommat1ng where 
grasses and forbs have previouo;ly prevailed. These observations 
ind icate that the rang13 is overstocked, overgra7ed, and in a 
downward rend. 

Overstocking has probably resulted from the lncrflase 1n 
bison numbers s1nce rheir introduction 53 years ago with a con· 
curren t decreose In SUitable , summer-range acreagl!. The loss o f 
range production is the most serious change. 

Several factors have reduced available range acreages. One 
is the natural, gradual tendency for trees and shrubs to replace 
grasses and forbs and to dominate the landscape In th is region. 
Bison usuolly choose their diets from among the nonwoody 
plants that grow in open areas In th is region, these nonwoody 
planrs include the grasses and forbs wh1ch are p1oneers on bare 

sites prior 10 the fnvas1on of forests. They 
arf! found pnmanly along stream channels 
and on shallow o r undeveloped so1ls. As 
the forests d£ velop, the herbaceous plants 
must yield space, moisture, and soil 
nutrients to the taller-grow1ng trees and 
shrubs. Thus, numbers 1nd production of 
t he cllo·cest forag!! sites for bison are des· 
tined to chango from preferred grasses 
and forbs to unpalatable trees and shrubs 
unless periodic disturbanci!'S remove the 
trees and shrubs. 

Thus, wildiTfe and agricult ural resources 
are in d1rect conflict. Resolvmg the prob­
lem 1s of maror nnd rmmedtate lmpor· 
tance. Sevl!ral state~ are effectively using 
their wildl fe ex tension s-pectallsts to help 
control wildlife damages to real estat e, 
crops, and livestock (Oickneite, 1973). 
The ·moartlal ity ot rhe CooperalJ!Je Ex· 
tens•on Service and a state untversity is a 
major tactor in resolving con fl icts sur­
rc: undlng wildlife-contro l programs in 
other states. Judgements of state and 
Federal agency pers.onnel are often ques· 
tioned when the agency is rn the midst of 
a severe conflict. It would seem appro· 
priatP. lor Alaska to have an extension 
w1ldllfe specialist to address wildlife· 
damage problems problems such as this 
one with bison. A bnef synop1is ot the 

A~ a r(JJ.Uit of /leafY b1JOII gr•~ing and wallow· 
lng, wind 1uo.Hon IS llttiJCking che f(ue~r j t some 
focarront olong the De/(1 R11fl!fT. Th1s p hoto 
sho 1vs a large sprue~ rrae (Ptt:e3 gl•ucaJ that 
IOppl~d afrer rhe S!Jil Wil> blown from around 

Fm} control is a man -caused phe· 
nomenon 1hat has probably reduced na­
turally available bison n~nge more than 
any other factor. The natural occurrenc~ 
of wildfire In Alaska is well known ~Ba r· 

ney) , 1971; Homselman, 1971). Control­
ling fires reduces the " revitalizing" vege· its roou. 

conditions of the Delta Junction bison herd's range and pos'iible 
management options i& in order. 

Range Types a11d Conditions 

In 1980 and 1981, we examined tho bison 's spring and sum­
mer rangf'..S along the D!!'lta River and found the following; 11 
annual forage supphes are r rematuraly exhausted ; 2) bi~ton are 
reso rtmg Lo feed ing on shrubs after their favorite grasses and 
forbs are gone; 3) soi l is eroding because heavy grazing has re· 
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tatl01 1 cycles that periodically create suit· 
ab le forage for bison and rejuvenate mineral nutrient supplies in 
the cold so ils of i.ntetior Alaska. Instead of scattered stands of 
herbaceous bison forage, various forms of scrub forest pre· 
dominate in rhe absence of fires. 

Judgmg f rom the stage ai forest development surrounding 
homesteads between Delt!l Junctian and the new agricultura l 
projec t {see map), It ·s apparent that tires occurred eithPr as 
homesteadors cleared thoir lands or that homesteads were lo· 
cated on previou~ly burned sires because lanr! clearing was easier 
there. Regardless of how the burning occurred, succession has 



The Delra A gr.culturaf Project is in close p roximity to the Pr'<ttJnt bison range. 

proceeded for perhaps 50 years, and land that was once dovoid 
of trees and that could have provided n atural fo rage for b ison is 
now forested and un productive as rangeland. The lands that 
have been farmed have not become forested but, lmtl!ad, pro­
duce crops mat biso n readily invade dLJring fall and Winter in 
search of fo rage. Thus, man and nature hnve collaborated to re· 
duce net.i~·e bison range acreages and to focus brson grazing on 
3gricul tural c ro plands. 

Possib ly, agriculture and other numan projeCtS that c leared 
forests have promoted bison · herd expansion by providing fall 
and win ter range. Wtthout such, forest invasion would h ave nr 
duced ava11able forage in the herd's wlnte rrng area and thus re­
stricted herd expansion. If this is the case, that might part ially 
account fo r overstocking on the native su mmer range alo ng th~t 
Delta River. A survey of availab le range and Slta!ionality of range 
habttat selection is needed to actually de>term lne the annual 
balance of ava•lable rorage for the e ntire he rd. 

Plants acceptable as forage by bison occur naturally In 
mar-.hes around lakes and ponds in the r99ion The marshes, 
usually too soft to support b ison in summtJr, provide winter 
forage after freR7e-up 1n late autumn and winter. Vegetalfon in 
marshes seems to be quite resistan t t o foraging, possibly because 
it i$ foraged when plants are dormant and most t olerant to graz 
ing. S now and frozen so li p rotect the plants' growing points 
from grazing and t ram pling d amages In winter. Winter us~t of 
swampy sttBS by b tson was noted by Soper {194 1 I In Canada. 

Fora9B production on native ranges is related t o sotl fertili­
ty level. On the bison's summer range, soils are thin , unde,.elop-

oct s1lts and sands ov~trlying river Qraveb. Such soils are usually 
infertile. As they develop, wi lh further <~ccumulations oF silts 
and through the influonctls ot plants, they increase in ferti lity. 
That natural process may require thousands of years and is be­
yo nd tile sco pe o f practtcal man<Jgement. Consgquently, range 
and wildlife managers encountering ~uch conditions must oither 
al ign their goals withm the constraints of the natural soi l- tertii· 
ity regimes o r resort to often-costly sot I fertilization. 

Soil-nutrient deiiciencles must first be detected before se­
lecting a management option. There are two indications of soil 
nm ogen d efic iencies on the bison's summer rilnge: 1} the rela­
tive abundance of nitro99n fixing p lants, and 2) the respo nse of 
grasses to h1so n manure. Nitrogen· frxing plants often predomi­
nate on so ils low in available mtrogen be-cause those species ob· 
tain thei r nitrogen from atmospheric supplies that are u navail· 
ab le t o n onfixing species. Where soli- nitrogen SUfJplie:o are ad e­
qu<lle, nitrogen · fix ing specias must compete with other plants 
and thus occupy subdominant po~itions in the commumty. 

T he tabh~ shows basal·<'Over percentages ror planli on the 
bison's summer ran!)e. Oxytropis species are nitrogen- fixmg 
p lants and, after mosses, they dominate with Fettuca rubra {red 
fescue). Othe r known nttrogen ·fixmg plant$ high on the list are: 
ElafUJgnus commutata (silverberry) and Dryas dmmmondii (ye l· 
low dryas). 

Animal feces and urine contain readily available forms of 
nitrogen that can promot~ growth and green color development 
in grasses growang on mtrogen· deficient sorls. Such a response 
is a pparent tn grasses growing next to bison chtps on the sum· 

Agrobore.zli.s January /1982 75 



mer range. These rwo indicators of soil-nitrogen deficiencies 
suggests the hison's summer range as limned by soil infertilrty. 

Unmanaged range-acreage requlrem~>nU for Alaska's brso n have 
not been dete rmined, but the Delta herd p obablv mqulres 
acreages s imilar to those noted tn Canada Range forage produc­
tio n varies from nil to perhaps 800 to l ,000 lbs per acre on the 
best sites in the Delta regron. Native range production and 
nutntiona qual ity comparable to 1he southern plains is unlikely 
in thP Delta regio n because of low fertility in the Alaska soils 
and competition from unpalatable plants and weather. 

Rangu Need5 

Before all the bison were 1 eleascd at Big Delta, th ree were 
held for study at Fairbanks. The food requrrement tor bison was 
de term aned to be 900 pounds per month (Palmer, 1944). or 
stx>ut 2Y.. to 3% of the body weight per day. Annually, a range 
acreage producing at least 10,800 lb. ( 12 monrh x 900 lb. l 
grazable forage is needed by each adult bison. Because range 
plants cannot survive lOO% cropp1ng annually, and some plants 
arc Llither unavai lab le or have no nutnt ronal value during winter, 
extra acreage allo wances are necessary to ensure rnnge- plant and 
bison-herd maintenance. 

Accordang to Soper ( 1941) the northern b ison densi lies in 
C.mada were low, I animal fo r every 70 to 90 acres com pared to 
24 acres pP.r head for the southorn plains. Wint er-range densities 
for the northern brson 111 Canada were about 850 acres per head. 

Assuming Palmer's ( 1944) figures src correct for bison 
forage needs and that, by removing tree and lrrush competition, 
ranges in the Delta Junctron area would produce 200 to 500 
pounds o f grazable forage annually, 350 head of adult hison 
would neP.rl 8,000 to 19,000 acres o f range. It improved pas•ure 
were rleveloped by clearing, seeding, and fenilizing, production 
levels might average 500 to 1,000 pounds of graz.able torage 
annually. Then 5,000 to 9,000 acres woulrl be needed lor 350 
head of adult bison. 

GriHln '"ftnlos'" w r roundmq bu ffalo " cflipi " 
s;gnaJ th• dtdicienr.y o f wil n1tr0gtm on rhFs 
gt1111tl bllir. These young sotlt ure mherently fo w 
m fertility, iralflrf'J ractwtlv formed from glacial 
ourw11¥h. 

8 •rrftt·grouncf Willow has b8tJn browsed b V 
bl¥1n, bur tftrt bal1:3m poplar (Populus bal~sm ­

faral .n fore(JrOund esl-t~Ped damiH}e. Bl~on 

;?f>JVI'emfy do not reudlly incJud8 b.afsam POPhlr 
In their " shrub" diet, i11mce, thar sPtJCiBs Jf 

gi11en 11r1 advanrlfge Of/fiT the w!llowt which ttrl! 

Mttm by bison on summer r~no•-
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The Buffalo Drop Zone on Fort Greely is an example of 
range on which the growth of tree~ and 5hrubs is retarded by 

Basal Cover Percentages fo r Plant Species, 
Bare G1ound, and Fecal M:Jtter on l arge 
Gravel Bar on Bison Summer Range, Delta 

River. (28 Aug1m 1980). 
Veqcuatwn Cover Componen t 

Moss species 18.00 
Festuca rubra 4.48 
Oxytrapis sp. 5.48 
Carex sp. 2.55 
A ster sibiricus 1.72 
Elaeagnus commutara 1 .20 
Salix brachycarpo ssp. mphoclada 1.09 
Dryas drummondii 1.04 
Elymus innovarus .68 
Salix setchelliana .57 
Potencil/a mult ;fida .52 
CalamiJ!}rOstJs purpurascens .52 
Arremisia borealis .42 
Lichen sp. .36 
Poa sp. .36 
Poa glauca . 3 1 
Erigeron glabellus .31 
Populus balsamifera .31 
Taraxacum sp. .26 
Arcrosw phylos rubra .21 
Ste/laria sp. .21 
Bupleumm triradiatum ssp. arcticum . 15 
Calamagrostis lapponica .15 
Agropyron violaceum .1 0 
Epiloblum latifolium .1 0 
Shepherdia canadensis . 1 0 
Picea glauca .1 0 
Pamassia palustris .05 
Potentilla frutlcosa .05 
Arctostaphylos uva-ursi .05 
Geocaulon lividum .05 
Pyrola sp. .06 
Sali>. afaxensis .05 
Linum perenne .05 

Total vege tation 42.55 
Bison chip .62 
Moose pellnt ~ 

Total cover 43.32 

periodic mowinq. Mowing falis to krll 
many woody species w l1ach simply re 
sprout and continue competing wrth the 
grassas and forbs. Forage production on 
the area appears to be in the range of 600 
to 900 pound per acre, wh1ch WO\.j fd yield 
about 300 to 450 pounds ot grazable for-
age. Nol all of the herbage is palatable. 
Hordeum jiJbaWm (fo xtail badey) and 
various unpalatable forbs are present. 
Palatable grasses ·nclude: Calamagrostis 
parpurasr.ens, C. canadensis, Elymus in­
novattJs. Festuca rubra, and Poa pratensis. 
Bison apparently use t he area mostly dur­
ing the winter months. 

Within he Delta agricultural PI oiect 
and on adJaCent croplands, l:hore are ex­
amples of improved pastures and hay 
fiCllds that appear to be producing 2,000 
pounds or more of forage- annually. I' hay 
harves~ and fertilizer applications are 
timed properly, these cultive~rs of varrous 
grasses can remain gmen untJI freeze-up. 
Presumably, the frozen leaves would re· 
tain much of their nutritional Quality 
throughout the wrnter. Bison feed on 
those plants, so they are apparently 
palatable. 

Management Options 

Enclosing the entire Delta b1son 
hP-rd with a fence is an option suggested 
by somu tn the Delta community. Others 
hav~ favored enclosing the farms wrth 
fences to exclude the bison. Giv1m either 
of thestt options, it Is probable that rhe 
b ison will eventually destroy any fences 
as they seek the forage on the farmed 
land. But e1thar method would provide 
immediate protection to r crops. Long 



Buff~lo w.1/Jows Wl'ra common feffWrls of ri111 
Grear Plam& prior ro the time of JeU111mlm t. 
Tnt.< phoro shaw:; ,, buffnla wsflcw near tllll 
Dlllta River in Ala~kit Comram use prwenu 
rJ113nt co ~l'r from devufoptn,q. 

This closoJ·up of 11 natural mlll~tral lfck shows 
how b ison h ave crtJJJted cavities in the 5011, 

crestu nably irl s~.•arch of ncJtfi<Jnts l11r:k tng m 
thll,r d ters 

Sedges and forbs appfJIJr to be producmg 11 lush 
~NriV sumrrt11r growth a frN m orrrhs af rer tfte 
shrubby b irch •nd spruc11 ovet torv was killed 
!Jy lirll. 

8tJIOrll wru/Js an(} trses invade grDvel bttr~. 

yrBsSf!f :md mos:s~t~ may domurnre. Calemagmst· 
it purpurasceni. is a brJfK'h [JTBSS which pro11ides 
h"rbiige for b ison qnumg tn somfl lac/Jtlons 
olong the Dttlta Rlv11r. ThtS phora tS alungrazed 
Cal maprmtls. 

A IM~ WtntPr wildflfe Wil$ Cllrriod hy high 
w tnds thruugh fuu~h and tt11es on pan o f Forr 
Greely. Thts firllllffer.tlviJiy apei'IIJd a sigmfff:ont 
>Jrf!a. Forbr and grasses will b11 given an ad vun­
rage o ver trees tJnd shrubs f or a f11w ye/Jrs. Thts 
should augment th11 forage supply and pos-"bly 
relsevtJ grazing preuures on 1f18 ne.arby b1wn 
summer r11nge. 

Rttiin bnch (Setula glandt.. o~;~, ) was killed by 
wsldftm, but the !Jid!J8s <lnd grasses only ws· 
tained lwmed lettf ttptl ~C<Juse they rwram thc1r 
buds ond growmg points below ground, thus 11s· 
captnfJ. Th• bin;h and or/l~r shrubs have their 
bud$ •bovs ground, exposmg them ro fire. Thtty 
must rein vade th11 burned area .ts seedlings. 

term monagemem, however, must include p rovisions for increas· 
ing forage supply for the present herd. 

Since fire is a natural means of converting forest into 
•orage-producing range, burn ing could be used. It wou ld cer· 
tainlv b(} less cost ly than mP.chamcal cleanng, unless commercial 
t1mber could be ha rvested to o f1se t clearing costs. A wildfi re 
burned across abou t 17,000 acres of brush and forest land 
dunng t he fourth week of March, 1981. between Do nnelly 
DomP and Del1a Junction, killing much of tl'le unpalatab le bmsh 
and removmg the organic mat insu lating the otherw iSfl cold so t!. 
By June, lhe burned a rea was carpeted with vigorously growing 
grasses and sedges, Immediately augmenting supplies of hiso n 
foragt. in the area. In time, the trees, shru bs, and organic mat 
w•ll Increase on the burned site, and forage product ion fo r bi ~on 

wil l dechne. The rat e of decline in forage product ion and 
sequences of reliwasion by trees and shrubs should be moni­
tored to document time frames useful Lo wlldltfe and range 
management for domestic livestock for this regio n. 

Chomtcal trea tment (herbicides) could a lso be effective in 
killing trees J nci brush, but th is would not remove the standmg 
d!l'arl, necess'tatmg a follow· up with ei !her burning o r mechani­
cal clearing.. Also, chemical treatments are difficult to clear fo r 
use on public lands because of environmental restrictio ns. 

Clearlnq forest lands and then seeding to pref~nred fo rage 
grasses is an almrnalive. Howevar , such an opt10n would be 

costly and req utre consistent manaQ"!ment to maint ain a shrub­
and t ree- free range. Due to the high costs of c learing, seeding, 
and fertilizing such a range, 1t would be expensive to a llow 
woody plants to reinvade. One me.ans of preven l tng reinvasion 
of trees and shrubs and of ofhetting maintenance costs wo uld 
be to lease thll seeded grassland fo r hay haf\lest with a bmding 
agreement that only the fi rst c rop o f hay would be harvested 
each year, and that it be t imed to induce a lush second growth 
for fall and wint er grazing by bison. The fielrls would have to bD 
fenced to excludo bison during early summer when used for hay 
p roduction, and a soil fertil ization program would be needed to 
mainlain the grass $tand , but such arrangements would p rovide 
high-q uality fo rage for bison. Furthermore, Alaska Department 
of F ish and Game's management would consist o f administra· 
t ion o f con tracts rath{'r than of applying ranch ing practicas to 
"culture" bison range . The sloe bEme'it would be to increase 
Alaska's hay, a p roducl wh1ch is usually in short supply, 

Seeded areas alo ng the trans· Alaska oil pipehne arP selec· 
ttllely ys-ed by bands from the Delta Junction herd . Arctared red 
tescue (Festuca mbra ) ts one plant part icularly fayorcd . Forag 
ing on the seedings has been year -round. indicating that a prop­
erly seedetl and fertili7ed nmge could attrac t bison. 

Drift fenc ing rather than enclosures, salt and m ineral 
blocks, selecti11e burning, clear mg. seedmg, and tertiliz ing could 
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be use<! 1n various combmat1ons to control animal movements 
and increase the bison's forage supply All those techniQues 
Ulould be aimed at keeptng tho b ison well away from the cur­
rent croplands. 

Since thr. bison seemed t o concentrate on the west side of 
the Delta river following their re lea$e (Gabrielson, 19361, anti 
since that area is well removed from the 

River vicin ity. Bands from this herd now cause extensive crop 
damages to Alaska's state-sponsored agrlculturill development 
project east of Delta J unct1on, Currently, t he summer ranges are 
ove rgrazed and croplands provide winttu range for bison. Alaska 
wants to keep the free- roaming b ison as a 93me animal. Several 
hundred applicants vie annually for permi~ to hunt bison i rom 

this herd. Members of the local commun­
present agricultural lands (see map). it 
should be considered a prime area for 
bi~on-range development. Lowland sites 
rather than hills and mounta ins shoold be 
selected as far south as possible. t o create 
tha utmost di:nance. btltween the bison's 
ranges and the croplands to tho nonh and 
ea$t of Delta Junction and to yield a max­
Imum of preferred range Because bison 
dislike soft, boggy soils {Soper, 1941), 
well d rained areas would provide th 
most enticing range d uring seasons when 
soils ate thawed. Soper ( 1941) also noted 
the Canadian bison selected ranges that 
included water. so lakes and streams will 
be needed tor drinking water during ice­
hell periods. Boggy sites that would re-

Hllil>~V grazing of f11ltft1.rf Willow by biscn 
ff1dit:41tes J lllghly averu~P.d summttr range. This 
latB A ugusr photo ~how' almosr roral ~·onsump 
tiatt of thtl currant ·'fe/Jf''r rw,g growth 

ity want the herd because it lends d istinc­
tiOn and attracts visit ors to their area. In­
creasing the state's agricultural prod uc­
tion •s a primary state government goar 
and a necessary activity 1f t ha people of 
Alaska me to increase thf'ir se' f su ffic1en· 
cy and decrease their dependency on non· 
renewal>ll! resource-s. Alaska's agricultural 
production can only occur where the cli­
mate and soils are suitable. In the case of 
the Delta Agricultural Project, the suit­
able chmate and soils for agriculture 
happen to be too close to the DBita b ison 
het'ld's ranges. 

The Delta Junction game biologist 
has an lmposi11g task. Devising workable 

main ungrazed d urmg summer could be included to conven ient 
ly save gr011 ing areas for win er use on ly. The quantity o f forage 
m<~de available combint>d with controlled hunt ing should govern 
herd s•ze 

Current Activities 

Currently, the U.S. Army (Ft. Greely), the U. S. So1l Con· 
servat'on Service (USDA) and the Alaska Agricultural Experi­
ment Station are cooperet mg ro assist Alaska Def>ilrtment of 
F1sh and Game w ith its bison-managament projects. Ft. Greely 
has junsdiction over much ot the land occupied by the Delta 
Junctlon bison herd Establishing game trails, "food plots," and 
providing sal t and mineral blocks are some of the current 
managem ... nl p ractices on t he military reservation. 

An Air Forcr rocket was responstble for the fortu itous 
bumina of a por tion of the bison's habitat '" 19H 1 Even though 
the military ~robably d isliked responsibil ity for the accidental 
tire, it created more bison range forage for this area then any 
other 1981 avnnt. 

The U. S. Sod Conservation Service is lending advice for 
various management techniques a nd hopefully It wtll be able to 
provide SOli rnappmg in the ru lure. The A laska Agricu llUrdl Ex­
penment Station is rtls.e.arch ing 1he bison diets and determining 
ecological aspects o f the various range types used by the bison. 
MonitorH1g vegetation productiOn and speciGs compositaon 
changP.s on the burned area, mapping vegetation, and measuring 
the nutritional quality of various ran{IC plants in the area are 
other important aspects of the Experiment Stat ion's stud ies. Rc· 
S:Uits of this research arf! expectf!d not only to assist Alaska De­
partment of Fish and Game with its bison- management project, 
but also to ptovide data tor domestic livestock range manag!!­
ment for lntenor Alaska. 

SUMMARY 

The U. S. ooverment's transplan~ of bison Into Alaska in 
1928 successtul ly created free - roaming bison herds in the Del til 
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and bureaucratically acceptable manage· 
ment schemes to keep bison out ot the crops is chore enough 
for any game manager. Making such pl;ms acceptable to various 
public groups Increases tho dlffir.ulty. Obtainang lht! financial 
support from a pofit1cally sP.nsitive stat!! government comprised 
of agencies whose goals and objectives may conflict lends 
geometric proportions to thP work. The only other factors that 
could and, in this instance, do further compound the problem 
are mixed land ownersh1p and easements. Federal, state, private 
and local government ownen;h•P are all pan of the Delta biso n 
hflrd's ranges. 

Por.sibly the only workable approach is to start from the 
ground up. Obtaining suppo1 t and cooperation from local com­
munity interes-ts is the firs t step and is essential before the 
agencies of statP. and Federal govE!rnments will effectively (e­
spond, The local coalitaon aQproach has proved valuable .n dif· 
ficult range management situations where state· Federal can· 
tlu;ts have arisen (Sharp and Sanders, 1978). It could work hem, 
too. The farming community and the local game biologists must 
fi rst agree on a workable plan, then the tasks of managing b1son 
and farrntng will ba ~ubstantJally easier. Delta Junction, Alask<J 
can surely h ave barley and kPep bison too. But it w1ll require 
people cooperating and innovating and lmplemonting range 
management techniQues.. 
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Retired: Dr. ~curtis H. O~earborn 

Dr. Curns H. Doarborn, 
research h ort icultunst, nas 
reured from Lhe Palmer 
Research CenLei aftar thir­
tY years. Dr. Dearborn 
Ccime to Al<1ska wtth his 
w1rn Doris ln 1950 af•er 
tour years at the New 
York Agricultural Experi­
ment Station at Geneva 
where he worked closely 
wtth Cornel l Um\len>ity m 
hi~ work as a p lant bmedor 
with com and peas. 

Alaska frozen·food pro­
duct for local distribution; 
and, espoc•ally significant 
to Alaslcan~ efforts to mea­
sure I g~ t nuality available 
for crops. 

Dr. Dearborn did hls 
undargraouate work at the 
University of New Hamp­
shire from which he re­
ceived his degre~ in 1935 
m pomology. In 1939 he 
rece•tJed his Ph. D. 1n 

horticulture from Cornell , 
after \'ihich he was em­
ployed by the W A11ee 
Burpee Company as a 
planr breeder. 

Some of Dr. Dearborn's 
rtt5earch in Alaska has in-

Dr. Colftls H. DfMrborn and his wife Darls 11 tht•tr home in Pa/mP.r. 

Dr and Mrs. Dearborn 
hope to 11im Now Zealand 
in the near future m ordt!r 
to observe varieties of po­
tatoes ln production there 
which he developed for 
Alaska, namely 'Snow 
Chtp.' 'Alaska Red.' 'De­
nali.' and 'Alaska 114.' In 
the meanumo, he is. grow­
Ing out a numbe1 o f apple 
seedlings to see If there is a 
bette t variety for Alaska. 
He is also contmuing to 
breed strawberries at h is 
home in Palmer, and will 
continue work with pota­
toes as well. He will also 
continue to pursue his 
work w·th Esk imo villages 
in the Kobu'< River va lley 

cluded wor\c: on weed control In the production of potatoes, 
garden peas, lettuce, and sttawbernes; work wuh peas as an 

to enable them to grow po· 
tatocs fat that local market. H1s work n that area Is sponsored by 
the Marston Foundation thralJQh the NANA Nat1vo corporation. 
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Toward a System of Grazing Fees 

For State Rangelands in Alaska 
By 

Wtl liam G. Workman• and Edward L. Arobio** 

INTRODUCTION 

The development and production of Alaska's petroleum re· 
sources have generated tremendous w~ahh, yet many Alaskans 
are expressing concern for t he future of the st<Jte's economy. 
This concern I~ based on the fact tha.t Alaska is relying on a non­
renewable resou rce for its income and suggesti ons for develop-

Auocillta Professor, Eeor10m 1C!1, Agrjcultural EJCperiment Station, 
Filirbanlcs.. . 

•• Re~urclt Assoclata. Eoonomtl:i. Agricultutal Experiment Station, Fait­
b~~nlu; now State Oiviiion of Agrtcultu~e. Fairnanks. 
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ment of her renewable resources are being heard more and more. 
These feelings are reflected in recent state l!!gisla liVB actions 
which have established entities whose fu nctions are to en­
courage the fu rther development of the agricultural and fisher­
ies potentials of Alaska. In addition, local governments and pri­
vate- interest groups ha\le organ1ze<.i to promote increased 
economic act ivities related to agriculturo, tourism, forestry, and 
mining resources. The fundamental concern of those arguing for 
a more cfiverse economy Is that long·t.erm economic stability 



will be d ifficult to achieve with the present heavy relianw a n 
the petroleum mdustry A broaden ng of the economic ba&e to 
include the procluction of other natural resources b seen as a 
conditton necessary for sustamad eco"omic growth . 

The use of tho potentrally large, untapped graztng resources 
or Alaska by livestock e-nterprises is believed to represent one 
area of renewable- resource development holding economic 
promise ~Burton, 1975, 1977). A growing interest in range ­
livestock omerp11se~ o complement the state's tledgling farming 
industry is reflected In tncreased numbers of applications for 
grazing-use permits and by recent efiorts by the Alaska Dll­
pattment of Natural Resources (ON A l to rev1se policies govern­
ing li•.restock grazmg on state lands. As with any other segmen I 
of the Alaska economy, the potemial for the range hvestock 
industry to develop into a significant contributor to the state's 
economic base can be enhanced ff the guidelines of economic 
nttrcioncy are used One factor in the success of thrs potennal 
industry will be the management 01 the necessary forage rc­
~ources . The estabhshmont of an allocativc mechanism to dis· 
tribute thC! use of these land~ to llv~?Stock operat1ons that can 
u~e them most efficiently will increasij the likelihood that these 
reso urces realize their oconom·c potential. At the same time, the 
inLroduction of competitive forces in thi~ market for state · 
owned forage would Increase the chancru; ior Alaskan~ to receive 
the fair market rental p~ice as payment for the wse of their 
public g:r<t7ing resources. 

With these concerns in mind, DNA asked rhe Unl'>lersity of 
Alaska Agricultural Experiment Station to suggest and evaluate 
several methods of calculating livestock graling fees on state­
ownet.J range lands in Alaska. The highlights of our study results 
are presented hero. 

COMPETITIVE PRICING OF FORAGE 
ON PRIVATE RANGE LANDS 

In tha western United States where livestock grazing is an 
lmponant use of public lands, the price of forage from private 
range lands typically serves as a reference for setting grazing fees 
m the public sectcn (Oepts. of the Interior, and Agriculture, 
1977). While in Alaska thnre are few of these transactions be­
tween privatE partrcs. on which to base fees on statll lands, a 
brief look at prices generated through voluntary exchan99 
should be usefu l in evaluatmg other methods of establishing 
these charges 

In a market economy, prices of goods and se rvices aw de· 
termined by the combined fo rces of supply a11d dL'maod. In a 
glven market area, for example, the demand for gta7ing services 
may be depicted graphically as an inverse relationship ~tween 
the price of IoraCJ€ and the quantity purcl1ased per unit o f time 
(Figure 1 ), Th is negatively sloping I me suggests that at lowor 
prices greater quantities of gra1ing services will be desired or 
"demande-d" by those livestock operations that can m ake use of 
this fo rage. AltEtrnativaly, we may view this relationship as being 
one in which successive units of grazing yield declining Incre­
mental benefits or value t o the user: thus the user 1s wi ll ing to 
purchase these additional ur1its only if the unit pricn is lowered. 
This latter interpretation of the demand curve as a marginal or 
mcremenral benefit curve has " significant advantage m judging 
the desirab.hty o f a given level of actlvity In the marl<et for a 
good or service, as will be seen shortly. 

Price of 
Forage Supply 

Demand 

A 1imal Uni t Months of 
Farag" per Umt Trme 

FlfiUIT! 1. Hyporhellcal Pri11ats, Competitiv-e Forti¢ Market. 

The post1ively slopmq supply curvL> (Figure 1) reflects the 
tact that the amount of forage that Will be offered for use by 
the resource owners in a competitive market In any time penod 
is like ly to be drrecrry related to the offer price. The fundamen­
tal reason for thrs direct relauonship between price and quantity 
o* for0!99 supplied has to do wrth ra,e potential value of th i!'Se 
resources in other uses. In order for greater quanti·tics of l;~r'ld 
for grazing purpos~ to be put on the market, some other uses 
of these lands must be sacrificed. Thus, the first lands used in 
grazing w.ll be tho:;.f' with the lowC$t opportunity costs (i.e., 
smallest amount foregone from t~lternative us~s). However, as 
greater and greate>r amounts of land are demanded for gra£mg 
purposes, those resources bener and Lletter surted for altematrve 
uses will be drOJ..vn upon This means that the opportunity cost 
or using land for grazing ha~ increased The positively sloping 
supply curve suggests that, fn order for resource own rs to make 
greate r (1Uantities of land available for grazing, they must be 
compensated with hiqher and higher pricns due to lhe greater 
sacnfices Incurred by not having th~P. re~ources employed 1n 
their next-best al temative uses. 

Tile 1nteraction of supply and demand forces establishes the 
quantity of grazing resources that are used and the equ librium 
or market·clel'lrlng resource price {AUMe and P , respec[ively in 
F ·gurc 1 ). In a competitive, efficiently operatfi,g market, these 
supply and demand forces determine the socially demabll! levP.I 
of grazing activity for the specified period. Inasmuch as the de­
mand curve rellects society's marginal benefit from livestock 
grazing, while the supply curve measures margfnal c0$ts. o f using 
these resources for rangeland, at the grazmg le~ el AUM

8
, total 

net benefits frorn grazmg are ma)<imJ7ed. If the grazing level 
were 1 educed from AUM

13
, thoro would ~ a greater reduction in 

benefits than in costs since the demand or margina l benefit 
curve lies above the marginal cost or supply curve 10 th1s region. 
Conversely, if grazing were Increased beyond the level AUM , 
this would involve a greater addition to costs than to benefr~, 
thu3 again causing net beneftts from gra1lnq to decline. Them­
fore, AUMe represents the socially optimal or efncient level of 
grazing activity s ince net benefits from rhis use of rangeland !lre 
maximized at lhis use level. 

The markat ·cleanng price of grazing services, P e• is of 
special significance since, being doterrnrned by supply and 
demand forces, it reflects both the marginal bi!nrtfits of usmg 
the resource for grazmg and the marginal opportunity cost of 
making resources available for lh1s purp0$11. Note that If the 
price of grazing servtces were tl:lmporarlly below P e' given the 
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existing supply :md d!lmand schedules ol Figure 1, then a short­
;;ge would occur srnce the quantity demanded of grazing services 
exceeds the amount that resource owners are w1lllng o offer for 
sale at pr CP.S below Pe. Thi1 is a d iSequilib rium situatio and 
forces exist to cau5o upward pressure on the price of the re­
source. These forces disstpate when the pnce P e ·s establishe<l, 
I.e. , quanti ties of the r~source tha t s1..1ppliers and demanders 
wish to exchange am equal a t Pe· On th other nand, 11 the price 
were above P8 the resul ting su rplus of grazing resources would 
generate downward pressure on the rate at which graztng ser­
vices were exchanged until the market-clearing price, P e· prt!­
vHiled and the market cleared. In the presence of compot rtton 
and allowing suff•clant t ime for adjustments, t ho price of forage 
will converge to a ' 'fair market value" and owners of grazing 
lands will earn a competitive rate of ret urn o n their investment 
in these resource!>. 

THE THEORY APPLI ED TO PUBLIC GRAZING LANDS 

To the extent that the objective of pubhc -sector resource 
managers is to promote the efficient allocat10n of pubhcly held 
grazing resources {i.e. maxrmize the net benefits to soc ety 
from the use of these resources!. efforts will be made to esta­
blish gr.,.: no f~es at the fa r market value as described above. 
One must recogmze, however that, even in the absence of non· 
eff1ciency goals such as those having to do with equity or in­
come distribut ion, the detalls of resource allocat ion in the 
pubhc sector may deviate from those of tht! exchange economy 
process outlined [ 0 this point. The c onditions that prevail on 
the supnly ~ide of the " market" account for these deviat1ons. 

In the private sector, resource suppliers are mot1vated by 
opportunit ies to aarn a profit from rhe sale of resource services. 
As outlined earlitr, raoge resources in the pnvate sector a & 

made dVilrlable for ltvestock gra1.ing when the returns from this 
use exceed opportunity costs or earnings from other potential 
uses. and [Jreatrr quantit•es ot rangeland forage will be offered 
on the market as the price ot grazing serviens increases. Thus, tn 
the priltate sector resource prices function to determine the 
quantity of the rf' ource that is o ffered fo r sale as well 'IS to 
ration these resources among those desinng the1r use. 

In the public sector, on the other hand. there are many clr­
wmstanccs tn which the quan tity of a publicly owned resource 
offered tor us.e may bft Qui te inelastic or insensitive to changes 
in resource price. Rather, even ln the presence o f a mandate for 
the manager to cllrect resource use such that society's bes t 
interests are rnalited, due to political considerations these 
rC'Sources In the pubhc sector o ft en do not move f reely to thei r 
highest-valued use. lnmrest groups that favor the status quo or 
that desire usc patterns o f the resources other than that combin­
at ron which would malumtze Ute net benefits to all o f society 
m1y bnng to bear p ressure that ·nh ibits increments o f the re­
~ourco from being of fered for this h1gh-valu!!d use even in the 
presence of increasi'lg prices. 

In addi t ion, some of tile land resources that reside in the 
pL bl c sector may have l'ttle or no use value other than. say , tor 
grazmg. Even if o ther use o pportunrties exist they may not be 
in physical co nflict w th grazil"g. l'l these latter case:;, then, the 
opportuntty co t of des1gna ttng a land area as a grazing resource 
is 1wry low mdced. Therefore, to the extent that the lomd Is 
val~ able for grazing at all, it may be put to th is use with little 
sacrifice. II a great proportion o f the pubhc la nd in a particu lar 
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area falls in to this category Jnd IS committed to l•vestock 
grazing, then it will not bs possible for the publ ic sector to 
respond markedly to higher to age prices by desig ating greater 
quantities of land for livestock graz ng. That rs, the ~upply of 
grazrng services in these ~;ircumstances would appear to bo quite 
nelastlc wi th re~pect ro changes in price. 

While resource price rl<tV play a rather i11signif cant role in 
the public sector .n determming the Q~llntlly made available for 
use. price can still serve as a ratio tng d'!!vice on the demand side 
o f the market Cons•der the situatron in Figure 2 tn which D re· 
presents th market-demand rurve for grazrng s.ervic~s In a grven 
art!a whrle S is the price-Inelastic supply of grazing- resource ser· 
vices rnade available by managers of public· lands In l given time 
penod In rhis e<:~se if price is set at P1 , the quantity demanded 
Of grazing services (QI) exceeds tho QUantity available (0°). 

Price 
per 
AUM 

p• 

s 

I __ _ _ _ .J _ _ _ _ _ _ 

I 

0~ Q 

F1gure 2. Alloc~t1on nf Public Gfltzing Rtsovu:es. 

D 

AUMs of 
Foraqe 

That is, not everyone who valulls the grazing services a t or above 
thf' price being charged is able to purchase these servrces. In this 
shortage situatron, some r onprice rationing mechanism must 
be emplo yed to al locate grazmg serv1ces. One approach IS to use 
a lottery system. Alternatively, the opportunitY to use public 
range resourc~ migh 1 be ued to h storical use o r based o n 
ownersh ip of specrfic pnvatt! land o r other assnts. In any cas.e, 
the use ot a nonprice rationing sy.;tem to allocate the quantity 
of grazing services avai lable IS likely to result In meff1ciencies 
sfnce rhere is a stro ng likelihood that tho use of 11 least some of 
thl! resou rces wil l be awarded to tndividuals who valur. them at a 
lower level than do other potential U!UltS who were dented their 
use. Since an operator's valuation or willingness to p y for the 
use of a resource is often n;hni!d to the eff1c1ency of his opera­
tion, to d eny the use of resources to more producuve ranchers 
and award their use mstead ro 1ess efficient operators, whether 
by design or due to the outcon " of a lottery, results in a loss 
in net benefits to society. 

Sup pose instead that gra1mq tPes were set at P2 (F gure II). 
Th is would result in surplus, unemployed graz ng serv1ces smce 
the quantity demanded at this fee is less than the quantity avail­
able by the amoun t (Q•.a: ) Only those ranchers valuing the 
services a t level P2 or above will be willing to pay tor the usc of 
t hese publ ic resources for livestock grazing purposes. The lneffi-



ciency In thi> case is characterized by resources with zero op· 
portunity costs, and wtth positive marginal benefits, when used 
for grazing, rema ning unemployed Addition::~ ! net benefits 
would acctue to soc.ety if grazing fee~ were low11red, resulting in 
an increase in gra7illQ activity. 

The socially efficient level ot gro7ing fee i~ P". This 1s a 
market-clearing fee ·n that it bnngS about an equality between 
the quantity of grazing services demanded end the quantity 
.rvail<!ble. Those garntng access to the resources are operators 
wtlling to pay at least p• for thEtir LISe. Individuals denied the 
use o r grazmg resources arc those ranchers who were not able to 
employ rhem tn sud-1 a way that the inc remental va lue of 
grazin!J services was at leas t equal to this pnce. Thu~. pricing 
grazmg service5 at P • assure~ full employment at the resources 
and, at the same- time. distributes tne use of resources among 
those lndivtduals placing the highest a lue on them. 

SETTING GRAZING FEES IN PRACTICE 

As stated earl1er, in Alaska there are few transactions be­
tween orlvate parties on which to base grazing fees for state­
owned forage. How. then, migh t we develop a system for e!>ta· 
blishing user charges to alloc-ate efficiently the state's grating 
re~ources? Outlined below are four possible technrques for es· 
tabhshing guilde>lincs for setting such fees . WhiiR an attempt is 
made to use realistrc 'igures in our illustrations of the use of the 
vanous tee-setting mothods, our primary concem is with the 
logic and the mcchamcs of the techniqu~s. 

SUBSTITUTE· FEED FORMULA 

Roberts and Wennergren I 1 963! heve suggested that, in 
cases where ~omparable private transactions inOJolving grazing 
lands arl! absent, one might consider the co~;t of feed that is 
being replaced by the statf!·owned resources as a basis for use .. 
charges. That is, the value of the forage is equal to the value of 
substitute feed required to produce livestock product s were the 
forage f'IOt available. Adjustments lor any diHerenceti in the 
costs or using the different feed source~ must be madi! In 
apply ng this m~>thod The result is that the cost-adju~ted mar 
k11t price of the nearest substitute availab le feed sets the mnxi 
m11m value for the range forage. 

A substi tute-feed formula for e~tablishing a grazing fee may 
be represi!nted as: 

F {R/T)P I L 

Where: 

F • grazing ee per AUM. 
R = a measure of the energy required in a substitute feed to 

produce the monthly gain plus m aintenance per AUM 
reallzed from the range. 

T ·- energy composition of the substitute feed. For exam-
ple , It could be percent total digesti ble nurrients {TON}. 

p = price per pound or the substitute feed. 
L difference in nonfeed use costs per AUM for usmg 

subsutute feed sources versus range. 

As can be l>llill1, a grazing tee determined by this formula i~ 
~nsitJve to market forces in that ~)oth P and L arc determined 

in the livestock· fem.i market. While livestock prices are not 
explicity included in the tormula, they w1ll be reflected ln mar· 
ket prices of feed (PI and use cost differences ( L). This formula 
is most US(lful if them is a close physical substitute available for 
range forage. If the substitute teed is priced a great deaf higher 
than might be mo~onable for range fora~. the formula mav be 
impractical for ~ettmg f es 011 range lands because no one could 
afford the subsunru. However, in most range areas, othrr 
forage substitutes (such as hay I arP. available wh1ch can be used 
with this formula to set,.., upper l"mit on grazing fens. 

The use of the formula can be rllustrated with the followmg 
hypothetical example. Suppose that the grazing msource on the 
lower Kenai Pen•nsula produce an·mal weight and marntenance 
requirements equtvalent to 350 pounds of total digestible nu­
trients (TDN) per month m rne form of bluejo"nt grass hay. As-
sume also that dunng the graz~ng season this grass hay is the 
cheapest substitute feed and is priced at $100 oer ton witf-r an 
averaqe TON content of 50 perce11t Assume that It costs $2.50 
more in nonteed u~e cost.~ pt! r AUM t o grale state range land 
than it does t o use the sub~titute feed source. 

Then: 
R = 350 pounds of TDN requ·red trom grass hay to pro­

duce the monthly livestock gain plus marntenance 
real ized from u,e range (Other energy measures thnn 
TDN could be used.) 

P = $.05 per pound for grass hay. 
T 50 percent TON composttron of grass hay. 
L = · $2.50 per AUM use-cost differential between grass hay 

and range forage !includes d tfferences due to labor, 
transponation, and death loss l 

SubstitutJnn these data into th~t fOrmula : 

F (350/ .Sl $.05 - $2.50 = $32 50 per AUM. 

The fee can be quoto<:l on a per-acr'l basi~ by dividing the 
per-.A.UM fer! (F ) by the appropriate carrying capacity for tho 
area. Suppose, fo r example, that an the lower Kenai Penmsula 
the rec ommended stocking rate is 3 acres per AUM Then an 
alternative annual fee C'1l!Ote would be: 

F ~ $32.50/3@ $10.83 per aero 

In applying this formu la t o ~pecific Situations, the energy 
composit ion (T) for the substitute feed can eitnet be read from 
existing tables o r established through laboratory analysis. Tables 
giving most likely estimates of livestock TDN requtrements (R} 
are also available. Turn·off weights necessary to compute A can 
be estimated from 1esearch conducted on various types of 
seasonal range and supplemented by observatton and experience 
of ranchers in s!)(lc ific localities. The differences 1n nonfeed use 
cost!> between range foragn and alternative feed sources Ill 
would have to be estimated and improved estimates could be 
based on research d esigned to measum difflnence5 m such costs 
as labor, death loss, transportation, water, buildings and equip­
ment, and in lerest on operatinq costs. 

It should be emphas led that the use of the substilule-feed 
formula appears t o be a reasonable approach for establish ing 
graz·ng fees o nly in those !iltUations in which close physical ~uh­
stitutes are available 1or range forage. Whi le this condition may 
h o ld For the ex ample used to Illustrate the use of the formula, 
rhis would no t hkely be the case in remote snuations such as the 
reindeer-grazing operations on the Seward Peninsula. Another 
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point to stress is that f~es calcurated using this formula should 
be 11iewe-d as maximum or upper- limit grazing charges. Ob· 
viously, if tlw substi Lute feed were an attractive alternative to 
using sLate grazing resource.~. we would sec liYestock owners 
adopting thls fe91:1 source voluntarily. 

There are sEWeral ad11antages to using a formula to establish 
fee gwdellnes. F1rst, an explic it relationshlp Is established 
among lessees' tees based on c riteria buil t Into Lhc formula . 
Second, a formula helps to remove the quest1on of partiality 
that could be charged against a fee-setting agency. Third, fees 
are tied in n consistent manner to grazing market factors . In 
summary, the formula can be considered an aid to setting fees 
more obJectively. It must be recogniled, however, that the for­
mula does not ellminatll the need to gather accurate data as in­
put for the computations. 

RETURNS TO LAND 

The d1fferencc between the total receipts of a range live­
stock operation and rhe costs of the nonland resources that go 
into producing this incamo is known as the roturns to land. 
Viewed ir rh1s mann11r, the range land represents the re$idual re· 
cipient of any income that remam-s after all other expenseos have 
been met. The returns 10 land form th basis for b-ot h the an­
nua l payment for the use of the resource and the capitalized 
value of this range land in a competitive land market The re · 
turns to land represent the upper limit to rhe amount that any· 
onl! would be wttling to pay to use the resource. At the same 
time, in the presencr> of competition, prospective bidders will 
continue to increase their o ffers for the use of the land as long 
as there exiSt$ a posith'e difference be tween the revenues and 
costs associated with controlling the land. Thus, the equrlibrlum 
price of the services of the land is the returns t o land. 

I the state's objecta11e is to charge the fair market value for 
the use of its grazing rew ur<Ats, this is consistent with the state 'o; 
collecting a grazing fee equal lo the returns to the grazing land. 
One method of estimating th~ fee which would accomplish this 
mvolvec the use of ranch budgeU; to record the cost s and returns 
of representaTive livestock operation~. These budgets are 'then 
used to determine the rcsirlual earnings of graztng land after all 
other 1esources have been paid their competitive earning rates. 
From th1s calculated difference, grazing fees which would 
capture this residual can be expressed on either an AUM or a per­
acre basis by dividing the returns to land by the appropriate 
figure. 

Again, a hypothetical livestock operat1on is used t o illus­
lrate the "returns to land" approach . Consider a 1500 head 
rerndeer operation on the Seward Peninsula. Table 1 11hows the 
annual costs and returns data for this ranch alo ng with the 
method of residual rmputati on. 

The calculations In Table 1 can be explained as follows: 
1. Gross rece1pts represents me sales value of meal and 

antler production tram the combination of inputs o r 
reSOUfCP.S. 

2 . Caih costs are for p urchased inputs for current use. in­
cluded are labor, fuel. medicine, ate. Depreciation p ro­
VIdes for costs assoc tated with durable inputs such as 
build ings, snow machmes, fencing, and breedin g stock 
which are used over a period of t ime. 

3 . Net ranch income rs the residual return imputed t o the 
operator for his labo r anti management and for the use 
of his equny (owned) capitaL 
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Table 1. Imputation of Return!i to Land. 

( 1) Gross receipts from meat ar1d antler sales 
'2) Less : Cash costs anti equipment di!preclation 
(31 Equals: Net ranch 1ncome (the retum to the 

operator fo r his labor, mnna~ement, and uoo 
o f nis capital) 

(4 ) L~ss: Allowances for operator's labor and 
management 

(b ) Equals : Returns to owner! capital 
(6 ) Lss: Interest on working capital 
(7) Equals: Return to fixed capital Oand) 
(8) Return to lond per AUM ( 1,500 x 1 2 = 

18,000 AUM ) 
(91 Return to land per acre (675,000 acres ) 

Amount 

$60,000 
35,000 

25,000 

15,000 
10,000 

500 
9,500 

.53 

.01 
•Tno method or presl!ntation or data m thl• table tollow' lhAt ol Kead, 
1973 Thl" data lltC baSI!d on ihO&" reported by Stern at ,I , 1977. 

4. Allowance for operator's labor and managemllnt rc· 
fl eet s the Ofl{!rator's opportunity cost or what his labor 
and mana1Jflment skalls could earn in the next·highest, 
alternative employment. 

5. Return to owned capital reflects the contrtbution of 
capital invested in livestock, machinery, lnvrntories of 
supplies, and to land. 

6. A charge for interllSt on working capital (including lille-
stock, machinery, supplies inventoried, otc.) represents 
the opportunitY cost of these resources. 

7. The remaining residual Is a calculated return to land, 
the hxed a~set. If accurate returns havo been imputEd 
for all other resource$ involved in the production pro· 
cess, then this res1dual represents a fan market return 
to the land resource. 

Entries 8 and 9 of Table 1 show two methods of distribut· 
lng the return to land, either on an AUM basis or a per-acre 
basis. Given a grazing· fee structute des•gned to charge the fair 
market value for the grazing resource and, thus, to capture tho 
land earnings, the caiC\.IIation& in rows a and 9 y ield figures 
which reflect such fees. 

COMPETITI'VE BIDDING 

The us~ of a competitive biddmg process in setting grazing 
feos and in allocating forage among prospective permittees has 
been usa(! in a number o f situations by th~ Federpl government 
(De pts of the in terior and Agriculture, 1977). This ailocatJve 
mechanism has been employed by the Bureau of Indian Affairs 
(B lA) on Indian lands, by the Department of Defense on 
selected range lands tn New Mexico and South Dakota, and by 
the Forest Service in a small aroa In northwest Nebraska. Gener­
ally, the perm1ts allocated through t he co mpetitive bid process 
specify the cond itions of use such as type of livescock, carrymg 
capacity, and seasom of use. In addition, the responsibilities of 
the permittee with regard to managoment of the livestock and 
mai ntenance of improvements such as fences and water devel­
opments a re spelled out prior to bidding so tl'la\ all bidders are 
aware of the characteristics of the service for which tht~v are 
bidding. 

The successfu l use of a compe titive bidding system for state 
grazing in Alaska wou ld chlpend on the existence of an effective 
level of com petition for the use of the forage. That is, in any 
given location where the state was offenng grazing land tor use 



on a lease or permit basis, the state's chances of captu ring the 
fair market ... alue tor the u&e o f grazing resource-s would be en· 
hanced If the number of operators Interested in bidding for the 
use of the forage was large. In order to guard aga inst the w inn­
ing bid's bemg unrl'asonably low in a case where the number of 
bidder<> was small , the bidding procedure might include provi· 
sions suc.h as minimum qualify1ng btds. The latter va lues m1ght 
be set based on a range appraisal conducted by an independent 
consulting range-management specia'IH who would presumably 
employ som~ variation of the returns to land appro o.r.h o utlined 
ear lie r to establish a m~nimum bid_ 

FOREST SE RVICE/BUREAU OF LAND 
MANAGEMENT FEES INOEX ED TO ALASKA PR ICE 
AND COST CONDITIONS 

Th!! pror.erlure used to set user charges for livestock gra1ing 
on ForesL Service (FS) and Bureau o f Land Management (BLM) 
allotments in the westcm states is designed to collect the fair 
market value of Lhes!l resources and is based on and adJusted ac· 
cordmg to private grazing land rental rates (Depts of the In­
terior and Agricul ure, l 977 ). Due to the very small amount of 
pnvate grazing renta l t ransactions in Alaska, rhe state Is not in a 
pos1tion to muke direct use of this same procedure to establish 
grazing fees on state range lands. The fai r market value of 
grazing resources in Alaska may, however, be approx imated by 
usmg t hr FS /B LM fees as a base and by adjusting theSf! fees 
acc:ordmg tu indexes for hvostock prices and productio n cons In 
the state. An example follows to illustrate th is method. 

Thr. grazing fee on Federal BLM lands In !he western states 
was sat at $2.36 per AUM in 1980. Suppose the farm gate price 
of beef m Alaska Is $85 per h undred weight. For the corres· 
pond~ng period, assume the avarage p ri ce recei ... ed by ranchers 
for bP.ef In tht> western sta tes is $75 per h undred weigh t. Then 
the lnd11x of Alaska lleef prices fo r 1980, using the western 
stntes prices as a rpference o r base, is found by divtdmg the 
Alaska price by the western states price and then multiplying 
th is quotient b·f 100. That is, Beef Pnce Index (BPI} - {$:85/$751 
x 100=1 13 . 

An tndex of Alaska beef producron co~ts C<Jn be calculated 
In 1 similar way. Suppose th costs per h undred wetgh t o f pro­
ducing beef on ronge opcranons in Ala~ka and the western states 
In 1980 nre $75 and $70, respcctt,.ely. The Beef Prod uction 
Cost Index l BPCI) for Alaska would then oo ($75/$7 0) x 100 = 
107. 

The fi nal st~:p in tho formation of a n index to be used In 
establrshing Alaska grazing fees is tho computauon o1 a Com· 
bined Index lGI) of p rices and costs. In general, th is combined 
Index is Cl ,__ (BPI/BPCII x 100, whic h expresses the ratio o f 
Alask price and produc tmn cost indexes as per cent ~ n our 
example. the combined index is Cl = ( 11'3 / 107) x 100 = 106. 
Multiplying the combmed indP.x (in decim al form) by the 
FS/BLM grazing teed y ields (1.06) $2 .36 = $2.50 per AUM 
While the mechanir:s of this procedure arc s1mple. constderable 
research would be requtred to establish rel iable estima~s of tn· 

dexes of pnces and production costs. Once the procedure fo r 
estim~ttmg these Indexes was In place, however, they cou ld bt> 
updated each year rather fnllxpensively . 

It should be noted that th is indexing procedure Is actually 
better suited to deal wnh equity issues than to promote effl· 

cient resource allocation By calculating a priQ! of forage in 
Alaska through the Tndexmg procedure oull ined, the state 
wou ld be creat ing a return on the use of publ ic rangeland that 
approximated the return experienced in the western states. 
T hat is, the mdexing procedure serves to equalize the average 
profitability of using public range m Alaska to that in other 
range stat&s. While one would expect a f ree market f or resources 
to create these same kinds of forces for many labor and cap1tal 
resources, tilts will not necessarily be the case for immobile t l.'-

sources such as land. By ying the fee ror the use of rancreland In 
Alaska to that in the other srates, one woulrl be ignoring the 
loca l supply and dema11d sil uatlons for thi~ resource. Conse· 
quently, if supply were la rge relative to demand in Alaska las 
compared t o othar locations~ , such an indexing method would 
probably producl.' forage prtces higller than those resulting from 
tree market forces. The oppos1te would follow 1f relative supply 
ancJ demand magnitudes were reOJersl!d. Thus, one must recog· 
nize this potential weakness of thP. Index ing method in deter· 
mining the fa1r market value for Alaska forage . 

SUMMARY AND CONCLUSIONS 

In this art icle, we be~an with tht< premise tha t Tt Is 1n ti1P 
state'~ · nterest to apply the pnnciples of econom•c effic1ancy in 
establi~h•ng guide lines to al locate the uf.e of oobllcly owned m· 
sources. With regard to livest ock-grazing resources it Is, thus. ad· 
v sed that user charges b~ established that reflect lhe fair mar­
ke t value of this forage. Such a practice would serve to distn· 
bute rhe use of state graztng are-as among the most efficient live­
stock ope rations, thus increasmg the likelihood Lhat these re· 
sources renltze thmr economic potent.a l. At the same t ime, 
where alternative uses exist for lands used or bemr~ considered 
fo r use by range IIOJestock operar on~. the d11velopment o f fees 
approximating those potentially gcneratF~d by compet itive 
market forces w ould increase rhe chances for the statP.'s cit1zens 
to rece1ve the fai market rental pr1ce as paymant for thfl use of 
thei r grazing resources. In this manner, a test would be provided 
to determine whether livestock grazmg is the highest and best 
use of t he land. 
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Crab Meal 
A Local Protein Source for the Alaskan Dairy Industry 

By 

Karen Calcaterra 

Alaska's crab has earne<i a reputation throughout th!! world 
for size and flavor. Yet. current pr~ssing methods can re:sul t in 
the waste of 75% of the raw catch. Continued usa of these pro 
cessing methods not only fal ls to utilize crab waste as a local 
source of protein, but also creat!!s potential environmental p rob­
lems when it is rfisposed of in ttdal waters. As much as 30% of 
waste crab ·- viscera, unextracted meat. and shells - can be 
recovered as a processed crab meal averaging 35 to 40% crude 
protein (Husby, 19801. This crab meal has recently been pro­
posed as a feasible source of supplemental protein for dairy 
cows. 

Crab meal has been discounted as " protein source for !iva­
stock duo to low palatability and large quantities of chitinous 
mflterlal and ash. However, Richards (1953f reported a similari­
ty between the molecular structure of chitin and cellulose, with 
the sole d ifference boing a substitution of an acetylamine group 
for the hydroxyl group on carbon two or the glucose units_ The 
ability or ruminant ammals to partially dtgest callulos.e indicate~> 

they may also be able to ut:llize part of the food value contained 
in the chitinous materia l of crab meal Patton and Chandler 
( 1975) and Patton, Chandler and Gonzales (1975) ~tate that 
part of the chitin molecule can, In 1act, be uttl ized by ruminants 
a> an energy source, and supply marginal rations with S'Upple­
ment.al crude protein. It h as recently been p roposed that crab 
meal may bypass microbial digestion in the rumen of cattle, 
allowmg intact prote ins to be digested rn the abomas.um and 
ab$orbed In me small intestine, enhancing u ulization. In vitro 
disappearance studies by Brundage et al. (1979) have indicated 
adequate availability and utilization (58 to 75%) of org<~mc 
matter, nitrogen, and dry matter in king and tanner crab meals 
for ruminants, with utilization somewhat less than with fish and 
soybean meats. 

The Agricultura l Experiment Station in Palmer approach~d 
the study of crab meal as a protetn supplement for lactating 
dairy cows through three consecutive experiments that have 
been ongoing s nee 1976 These experiments were designed to 
answer the dairy Industry's questions 

1. Wall lactati ng dairy cows accept and uti l ize a ration with 
crab meal protein supplementation a~ readily .u one ~·,ith 
soybean supplementation7 

2. Will ensiling crab meal concentrate with bulk feed in­
crease lactating dairy cows acceptance of a ration supple­
mented With crab meill? 

3_ What is the optimum level of crab meal protem suppie­
m~Tatlon a riltion should contain? 

• Laboratory Ttc:hniclan, Agrico.llturlll Rese~rdl Center, Palm11r. 
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Add1tional experimentation underway deals with thr. question 
o1 whether dairy animals under 1 year of age will accept and 
thrive on rations supplemented with crab I"' cal and whether 

milk from cows fed high crab rations acquire any detectable, un­
desirable ta.ste charactenstics. 

Results of the first experiment have been publ ished in the 
J ournal of Dairy Science (Brundage, Husby, Bei:lrdsley, Burton. 
1981) . This experiment was d~igned ro compare two different 
sources of protein supplementation, crab meal and soybean 
meal; two levels of proter 14% and 17%; and the it11eracrion oi 
source and protein le!Jels_ A negative control rat10n containing 
neither soybean nor crab meal was mcluded to indicate whether 
either of these supplements was, in fac reqwred. Th irtv multi­
parous Holstem cows, thot ·s, those having had mon: than one 
calving, were randomly allotted to one of the fi\'e rations •n one 
of six replicanons. Individual cows participated tot 12 weeks 
during the 2-'/C<Ir experiment. An mals were allotted to the ex· 

Fol' b lemiN:J rii!IOnt, the <//age fs m1.1ced with the f'l)fler~>d crmcuntrtJtrl 
pf/Or to rhe d•llY fooding_ 

-



periment at week 5 o f lactation. Du ing weeks 5 th ough 7 of 
lactation, all cows received the soybean meal ration , Th s pro­
vic! d a conrro period with which variance due to each cow, 
rather than concentrate or level, co .ld be analyzed and disre­
garded. Beyo d week 7 of lactation, animals were fed one of 
five concentrate r ttons tor the ~ucceedmg 9 weeks. S I gP was 
fed free choice to the cows 'eparately f rom, and n addit"on to, 
specific concentrate ration1 ConcentratPS wnrc foo Jccording to 
anticipated productiOn based on control·peri0<1 data , a lowir g 
full assessment of ration preferenC1's anr:r palatability Measur"· 
rnents of 'Tlil k fat were taken monthly; liveweight measur'lm~>nts 
were taken w~>ekly, and ttlose of milk production and feed in · 
take ot concentrates and s1lag•~ were taken dai ly during 12 
weeks nach cow parlrc•pated il the experiment. Feed samples 
wert> collt~cted we•~kly for laboratory analysis in order to deter· 
rmne total nutrient Intake. 

Analyses o f data lndic te that k•"'Y crab meal has potential 
as a source o supplemeNdl protein in concentrate rations for 
lactating ia1rv cov,r;, M1lk production was sim•lar tor the two 
sources of supplr:mental protP.In compared. H1gher I vcls of both 
5upplemenl, lncrea-;t>d production sl1ghtly Ma1nt1 nan~ and 
gain o r llveweight by cows on crab meal supplementation was 
inconsistent. This may have resulted from palat billty p roblems 
evident with some animals when rat•ons Included trilb meal, es· 
pecially at t 1gher levels. At decreased Intake levels, normal pat­
mrm o f milk production may have been mainta.ned t the ex· 
pense of llveWf'lght maintenance and gain 

Palatabrllry o f the crab meal posed a sigmficant problem in 
the fir~t experimenL Therefore an anempt was mocle rn the sue· 
«!edlng experiment to lncreHse the cows' acccpwnce of ration~ 
supplemented with crab meal by masking objectional flavors. 
The method used was to ensile concentrates contammg crah 
meal with barley and oats. This was compared to bll:onding con­
centrate and barley- oat silage at lhe t1me of feedmq. 

Thirty Holstein cows were randomly allotted to one of fivi' 
rations in six repl1car1ons of ~we cows each, beginning the fifth 
week ot I3Ctation Rations consisted of concentrates containing 
tanner crab meal e'1s led with barley and oatS, and the same con· 
centrates b lended w th bariP.y-oat si lag.1. Two levels of concen· 
trate, 11% and 23% nnner crab !TIPal, were used. The f lth 
ration fed was a negative control contammg no mpplemental 
p1otein. Rations were formulated to contain 60% silage and 40% 

lngred11nt Composition o f Co ncentrate Mix tures 
for Experiments 1 and 2. 

lngteo•enu Concentratl! MDtlurH (%) 1 

_J_._ _2_ _ .L_ _4 _ J_ 
Corn 33.4 42.4 29.7 41.2 51.4 
Barley 15.0 15.0 15.0 15.0 15.0 
Moxed fnd oats 10.0 10.0 10.0 10.0 10.0 
Btl!l poJip 15.0 15.0 15.0 15.0 15.0 
Mola~set 7.0 7.0 7.0 1.0 7.0 
Sn'/bean meal 18.0 9.0 .0 .0 0 
Cr.:~b meBI .0 .0 22.5 110 .0 
Monocalclum ohoiphate .4 . .: .0 .0 . 4 
D•calcium phosphate .4 .4 .0 .0 .4 
Tr&c Monera! S;slt .8 .8 ..8 .8 .8 
Volllmm A~ - · -- --- - !4400 IU/kg)- ·- - ··--
v.ranun o· -- - - -- - {13200 IU/kgl- · ... . 
1 Exoenml!nt 1 Moxtur-s: 1, H•l)1'1 SoybPan M,..a , Po• !IV(! Control, 2. Low 

Soybean Mea' 3. High Crab Meal. 4. Low Crab Moat. G. N~otow Con· 
tool. 
EllpGrimenl 2 Mixtu~: 1. Positive Cof\trOI, 3. H g • Crab Meal, 4. 
LDw Cfah \<1• I, 5. Neg,mv" Control . 

concentrate on d d y matttlr basis A positive control ration, 
contai11lng 18% soybe;m meal in thP coo centrate, was fed to all 
cows durmg the ~im 3 weeks of thei Axperiment period One of 
five ~:xperlmental concentrntP\ ·~ n then •d for tho fol owing 9 
wef!ks. Feed and performance dcJt. v t> collected as in the tint 
c ab meal experimei'\L 

r -,...,,..c...-' 

=~: ....... ~ ... 
.•..• li'lfl't • CtoUooilool 

-- Lo•· 

F1g1Jrlt f. UnadjvHCd m111ms of -~1!/y feed tfltilk• for E.1tpeumcn1 2. 
Sh11ded Rfl!ll '~pr;:sonts the cortrrol period. 

Allsults of this experiment, a~ repormo al the Amer ican 
Dairy Scienal Associbtion meeting in Ju y 1981 , revealf!d that 
ensiling crab meal did not Increase Its acalptability lo lactating 
da·ry cows, bu t, in fact, decreased it (Brundage, Husby, and 
Burton 1981 ). Feed intake and performance of cows on ensiled 
rations wero negatively affected in comparison to those on 
similar, blenrfed rations. Highur levels of crab meal creatP·l 
greater adversity •yithin both ensiled and blended ratrons.. While 
feed in take dropped al'l uptly during all changeovers from the 
soybea, control alion to t'lose contammg crab meal , seo~> figure, 
animals on blended rat ons returned to fe&d mor<> rapidly than 
those o ensiled rations. Data ware analyzed to determine 
whetl1er cows on hlended rat•ons wer'! able to sort silage from a 
less-preferred concentrate, thus accounting for incrPased ac 
ceptanc~ ot blended ra\ions. However. least-squares estimates of 
silagu/concentratfl intake d "d not ·ndicate n p eference for either 
component of the blended rations. The negative control ration 
ag:alr> indicated a need tor protein supplementatio i11 order ro 
matnta1n milk production. 

The th ird and current experiment is perhaps most lmpor 
tant of all. This ongoing, 2-year experimen t ~ ~ anemptmg to 
identify the optimum level of crab-meal ~upplementatJon for a 
rat1on ed to lactating datry cows. Because ot findings in the 
second expenment, only blended silage/concentrate ratrom; are 
being u!>Bd in this third experiment . 

~h1rty Holstein diary cows are andomly allotted to one of 
fve rar ons, in s x replications o he cows each, dur ng the 
th rd week of lactat1on. Diets differ by the percentage of sov· 
bean meal replaceo by an oqui .. alent :~mount of crab meal on a 
protein basil. The five concentrate contain 0, 25, 50, 75, and 
100% crab meal supplementa ion to replaal $Oybean meaL 
Blending is performed to prov de a complete ration of 50% 
silage and 50% concentrate on a drymau r basis. Dunng weeks 
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Dailil ft>od records <lrlf kepr tor BnimRit on tilt! crsb - feerllrrg exp~rimtlfl rs 

3 through 5 o• lactation, all cOW5 are fed a positi11e control ra 
t1on with soybean meal as the supplemental p rotein source. For 
12 weeks following the control period, each cow is fed free 
cholc£ according to her speciftc diet . The expermental feeding 
perrocl was lengthened tor th1s exprtrimenr to allow more time 
for dietary r~octions to become ec11iclen L. Feed compos• Lion, in­
t.ak~ . and perforrnant:e data are collectN! as '" pre11•ous exptiri 
mf!nt<; nt the exceptton of laboratory testing o~ milk which 
is done weekly rather than monthly . 

The tlrst year of this nxperiment has been completed. Pre­
liminary resulu indicate that concemtrate rations co ntaining 
ovet 50% crab meal supplementation ar~ less rhan opt1mum. 
The optimum level of crab meal supplementation remains to be 
determ1ned. 

A new aspect of th is third experiment is the incorporation 
of a mrlk taste test. This test is designed to d etermine whether 
crab meal supplementation results In any detectable, undesir­
able rc1ste. The taste test is ser up as a blind tastmg hy four to 
seo,ren panelisn, as\<ed to rute mi lk on a ba~is of I to 20 , w1th 1 
being mosl desirable and 20 being the least. A sample from the 
herd'~ bulk tank is also tasted and rated to provide a control t o 
account for taste score difference due to individual tasters 
rather than lhe milk Itself. Milk is sampled five t imes begmning 
du11o!] t ile second week of tho control ration period and contln· 
:JiflQ every third week thereafter throughout the 15 week period. 
Least-squares analys.is of variance on data co llected during the 
first yea of this 2 year study reveals no clear effec t of diet o n 
taste scores, Indica ting that c rab-meal supplementatio n does not 
result in detectable, undestrable taste characteristics in m1lk. 
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Cone en tfa'tes containing cr~b mttiil m11y be purchllsed in • r;elll!red form. 

During the third period of the supplementation study, a 
feeding experiment involving young dalrv animals 60 to 360 
d ays of a!Je has also b~n initiated. This experiment is concerned 
with obs11rving hveweight gain and body meesuremonts during 
Lhi!> im ponant growth period wh1le on rat1on~ supplemented 
with crab meal. Each year of this 2-year study, six teen he1fers 
a11d six teen steers am allotted tn groups o f rour to a 0 , 25, 75, 
or 100% crab-meal supplemente<.l feed concentrate. Hay is fed 
free choice through 180 day~ of age, and ail age f ree ohoice there· 
afte r. Concentrates are fed up to a maximum ot 4 pounds per 
animal per day. The first year of study has shown these an imals 
to be unaffected by diet so far as their prefenmce i6 concerned 
with feed Intake and consistent •11 wolght gain for normal 
growth. This Indicates that rejectiOn of concentrate.s containing 
higher levels of crab meal m 1 at1ons fed mature, lactating dairy 
cows Is due at least pat1lally to unfamiliarity WITh craL meal in 
the diet and pravious conditlomng to other rations. 

Another consideration 10 using crab meal as a protein sup­
p lement tor dairy animals is economtc. Based on prices of 80-
100 lb sacks of feed as of Juno 1981, crab meal cost $ 180 per 
ton (f.o.b . Seward}, soybean meal cost $637.50 per ton (f.o.b . 
Anchoragol, and ground corn used to cotnple~ th~ rations, re· 
tails fo r $337.50 per ton (t.o.b. Anchotage), ( Aia~ka Mill and 
Feed, 198 1; Seward F sheries, Inc., 1981). The cost d1fference 
of major components utililed in high-protein rations 10 thl! first 
experiment result In a savings of S87.20 per ton when crab meal 
is used to replace soybean meal. Low Protein rations result in 
$42.00 per ron savings whon crab meal IS used The co~t of haul­
ing crab meal from Seward may equal iz.e this price differential 
somewhat, but an eff1lctive transportation sys1em could allow 



t.ucflfr,,g d"lry cows aro fed separatetv. wtufe the young ~oh~ins, 50 ro 350 day& of w!#J, are fed;, groups of four. 

r.avings to be realized through use o f crab meal as a p rotein ~up­
plement for lactating doiry cows. 

Research completed during the past 5 years by lhe Agricul­
tura l Experime nt Station in Palmer has revealed that crab meal 
is a f1!0Sible alternative to soybean meal as a protein supplement 
fo1 lactating dairy cows. rts main d rawback is a p roblem of pala­
tability for cows unused to 1ts inclusion in t hei r diet. particular­
ly at higher percentages of c rab meal. T he attem pt made in the 
second exparim11nt to mask the undesirable t aste of crab meal 
by cnslltng the concentrate with barley and oats p rovod unsuc­
ces&ful. Blended sllage/concentrare rations were preferred, as in­
dicated by feed in take. T he current ex p&rimont is aHemptinQ to 
dete•mine an optimum level of crab meal as a protein supple· 
ment in blended dairy rations. Preliminary findings indicate 
levels abo\•B 50% crab meal protein supplementation to be detri· 
mental, although no defi n ite conclusions have yet been reached. 

A concurrent milk· tastmg study indicat!!s that crab meal does 
not give milk an undeslrable taste. Further. a contmuing study 
lnvol¥mg young dairy animals suggests nonnal growth and im­
proved accep tance of crab meal by young ammals due to con· 
ditioning from an early age. This may p rove to be one method 
of overcoming palatability p roblems. 
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Intensive Forest Management 

The Bonanza Creek Demonstration Project 

By 

Allen P. Richmond• 

lnten$ive management of Fairbank$·area forests for thll 
purpose of wood production has, until recently, elicited little ro 
teren. However, an rncreasad demand for state-owned tlmber, 
occurring over the fast three years has brought about a change in 
attitude This increase reflects, the growing demand for timber 
experienced by commercial and private operations. Commercial 
operators, in b oth the lumbar and fuelwood businesses, claim 
that their product output is limited by a lack of timber and not 
a lack of demand. The demand for fircwoorl for l)i!rsonal use is 
evidenced by the number of firewood -cutting permits rssued by 
the state. This demand has increased dramatically smce 1976 
{Table 1 ). Thr~ is, of course, related to thl! large number of peo­
ple who have installnd wood stoves in an effort to reduce their 
home-heating costs. 

Table 1 Estimated Volume of Fuelwood Sold by the Area 
Forostry Office in Fairbanks.3 

Ye,n No. of Cordsb No. of Pemuts Issued 

1973 
1974 
1975 
1976 
1977 
1978 
1979 

884 
2,181 
1,878 
3.427 
3,664 
7,902 

18,822 

1\2 
267 
219 
292 
436 
851 

2,009 

V"artv ~ummary prepared by rhe A•ea 

The ac lUl l vo:ume consumed may be s much a~ ons-t/-wd lm rhan 
u a ted, as a >U vev of petmllt~ indlc<llH that an aVP.rage ot or-Jy 4.6 
cords ol g ~~, wood 1s t;rken by ea(;h germ11. 

The increased demnnd tor firewood has placed a consider­
able strain on the abthty of State forest lands to meet the need 
for timber of individuals and commercial operations. State for­
estms m the Faarbanks area have stated that the readily access· 
able 11mber stands are rapidly being depleted, and that people 
must expect to go farther to obtam wood in the future. There 
ate legally mandated upper limits oo the amount of timber 
wh1cl1 can be cut annually from state owned forest lands wit:hin 
a 60 mile radius o t Farrbanks. These allowable cut figures have 
!Mien euablished at, 4 mil Iron board feet of spruce sawtimber 
1nd 31,000 cords of various species of hardwoods (Wieczorek, 
19801. Any additional timber harvest•n excess of the$e 11olumes 

R ... arch Assoc:iale, Forest MRqeoem~mt, Agric:ullurel Eillp.,.tment Sta 
tlon, fairbanks. 
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will have to coma from privately owned lands, the salvaging of 
timber from agriculrural disposal lands, or lands outside of 60 
miles. The sawtimber al!ow;tble cut is expected to be reached 
in tl1e next few yoars, and rnay actually be exceP.<fed whon the 
timuer sold from agricultural disposals is considetr.d. The cur­
ren t level of hardwood removal amounts to approximately 60% 
of the allowable cut, and has ~hown a rapid increase $lnco 1977 
(Table 1 ). 

The use of selet."ted intensive forest management practices 
-;uch as arttficial regeneration, fertilization and thinmng have the 
potential of greatly tnc(easlng the production of timber an state 
lands classified for forest manaqement. These practices can 
speed up the qrowth of timber, thereby reducing the number of 
years required for it to reach a s.pec1fied merchantable -;i1e. Over 
a gi\ltm time period this results m substantially more useable 
timber being produced from an intensively managod ~land than 
from an unmilnaged one. Obtamlng a specified volume of timber 
over a sh orter time period increases the allowable cut. Those 
practicos aro used widely and successfully in other olacos to in­
crease yields from l•mlted lorest land areas. General ob~erva­

tions of growth responses for tree'> in tlw Farrbanks area which 
have be&n released through selectivP. logging in 1he past, ind1cate 
lhat tree growth can be greatly improved by thinning. 

The problem with applyrng mtensive forest management 
practices rs the lack of information on what level oi treatmem 
wlll yield the best results and :n what cost. There are only a 
handful of references which discuss thmning and/01 fertilization 
treatment~; performed on interior Alaska t1mber spectes {Frank, 
1973; Van Cleve, 1973; Van Cle~e and Zas.ada. l976; Stiell, 
1980), These have shown that separately or in comb1natron, 
thinnlt'l!l and fertilization will result in considerable growth im­
provement. As the studies were designed to demons1r.11e and 
quantify growth respon~es, no cost data on the various treat· 
ments were obtained. Without this information, It Is not possi­
ble to determine if it Is economically feasible to implement thin­
n ing and fertilization on a large scale ba$is. 

The Foreu Management Projoct 

During the 1980 state !egtslntrte session, funding was pro-
vidod tn HB-60 ro undertake a sludy at the potentia l and feosi 
bility of applying more intensive management practices on stare 
forest lands as a means of meeting growtng trmbar demands. The 
appropriation was requested by the Fairbanks Industrial Devel­
opment Corporation a~ an addition to the University of Alaska 
budget, placing the responsibility for conduct of the study wirh 



the School of Agriculture and l.and Re!>ources Managemen1. 
The ocmonstration anti evaluation of 5ilviculrural and fuel wood 
ga1herlng practices that could increase the productivity and utr· 
llzatrar1 at stam forest lands has been established as the primary 
goal of th!! proJect. Ench demonstration wil!> to have four oh 
jnctive$: 

1. Evaluation of tho effects a scloc ted managcmen 1 proctice 
has on both the short- term anc1 long-uum forest produc· 
livity. 
2. Determination of the oper-ational ann economic fP.a~i­

bllity of npplying the soelected practice at various treat· 
ment levels 
3. Demrmination of wood yrolds from thE: type of timber 
rrancl being treat~<l . 

4. Evaluation of puclic utihzallon of thr> wood and re­
~ponse to the dl'monslrotion . lhrollgh direct observatron 
:md mtorviews. 

The pro ject has been undertaken as a cooperative elton be· 
tween he unrversrty, the state Division of Forest, Land and 
Water Resources and the U.S. Forest Service, Institute of 
Northerr Fore$t ry. The state has provided the land for use rn 
rho study, as lt has the widest vanety of timber stand types <rnd 
a~ classes available for use in demomtratrng lorest management 
techniques. As the age of a stand has an influence on the re­
sponso wh1ch e;an be axf.)ected from !he application of a specifiC 
trealment, the demonstrations were plann!!d to cover as wide a 
vauety of age class~ as possible within each stand type. The 
Institute of Northern rorest.ry hruo provided the rese;~rch expcr· 
tise which has been ehed upon in setting ~r demomtrations. 
The project has presented an OJJportunity for ile university to 
provide both of these agencies with Information, which would 
otherwise have o&en dtfficul t for them to obtain. 

The Bananza Creek Demonstration 

The lrrst demonstration area to be establishl!(i •Nas on 95 
acre:s of land in the Bonan.:a Creek Experimental Forest. ThP. 
trmber stant:'l present was tr mrxtu re of overmature white spruce, 
papr> birch and quak'no aspen. For the most part, the hard­
wood component was in decline, a.s w $evidenced by the large 
amoonL of d1e ·back and crown breakage present. Spruce was in 
the dominont po~ition throughou\ tne stand. havmg overtopped 
both the b1rch and the aspen. A timber crui~e revealed that ~he 
merchantable portion of the stand consisted of 55% spruce, 43% 
birch, and 1% aspen. The distribution of these species was not 
umform throughout II1e stand, as relatively pure pockets of each 
o~~~ere preS(Int. 

Tne treatment self!cted for this d!!monstration was a total 
r->moval o f ha rdwoods, which was designed as the first step in 
placing the stonr! under management. All the brrch and aspen 
four rnches m diameter and larger were to oo fel led and skidded 
Into decks for removal by individual firewood gathllrers. By per· 
forming this harvest, the hardwood volume that would havr> 
been lost to decay had the stand remained untreated, could be 
salvaged for use. The resulting pure spruce stand could then be 
assess.e<l to detetrmine the next steps requ ired to manage it tor 
the periodic harvest of a specified volume of timber. 

A contract was aw;:rrded on October 6, 1980. for the con 
struction of onf' mile ot acce.ss road and the harvesting of an es­
timated 1321 cord~ of hardwoods. The demonstration a rea was 

div1deti up Into lhree cutting units, A, B and C. Unit A was har­
ve5tcd usinq the full· tree ikiddmg system, rn which trees were 
skidded and decked with lrmbs dnd tops artachetl. lJnits B and C 
were h~tl'llested wing the tree-length skidding system ln wh1ch 
limhs and tops, down to thrOI" lnch~s in diamlltflr, wera trimmed 
otr pnor to skiddln!J and t1eckmg. ThD timber was sklrldea to 
the decking area!> shown in Figur., 1. The contract work was; 
complated on May 8 , 1981. 

In order to ovaiLJ;;te tht' nffects of thL treatment on th 
stand, information hod to be collet. red on ( 11 tht~ growth re· 
sponsc of the residual stand, (2) the amount of re9f'nen1t1on ov 
sp uc&, brrch Ernri aspen which takes place under a more open 
canopy, and (3) the ~uc~:ptab•l•ty of the stand to past treat· 
mem damage, such as wind throw dnd insect attack. As a mean~ 
of obtainrng this mformat1011 orty·six, .1 acre, permanent plots 
were established and lnventorred to serve as a base for the assess · 
mant of ste~nd rusponse. A r£H;eatch area has been t>&tabllshed by 
the I nstitutc or Northl'rn Forestry to monitor bar'< beetle infes· 
tation letJels in downed spruce Information on wind throw 
problems w II he handled .I rough ~nnual surv!!V~ of the stand. 

An assessment of tho damage lo the residual mmd caused 
by the skidding operation was to be ,1ccor nl1shod Jpon com · 
pleuon of harvesting by making " 10% strrp crurso of the area. 
Damage to the residual spruce was to be broken down into threr. 
cateyor es, accordrng to which part of the tree it occurred on, 
root, hole or crown. Root damBge was defined as abrasion or 
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Frgur~ 2 ExrenJ.vtl f urm of root d<Jmagll. 

severing of roots (Figure 2}. Bole dBmage was considered to be 
abrasion of the bark above the root collar, and was broken 
down by the percent of tJ1e tree ci rcumference affected (Ftgure 
3). Crown damage was classified as either mainstem breakage or 
percent of crown de limbed. 

Of partiCular interest in the economic assessment o f per· 
torming this kind of intensive forest mansgement was dctermin· 
1ng the portion of the treBtment cost whrch could be rBCovered 
through the charging of a higher than normal personal u>e fee 
for the decked wood. As this was he first demonsTrat ion of its 
ktnd, a total cost recovery was not auempted. The cost pe• cord 
required to achieve this would have been $1 6.88 for the 1321 
cords harvested, based on a wlnning bid orlc~r of $22,300 fo thE' 
harvesting work. It was d~cided arbitrarily ro establ'sh the J)er· 
cord cost of t he permits at $15 for woorf from Units 8 and C 
and $10 for Unit A. Records wero kept by the Area Forestr~ 
Office ar. to the volume of wood permitted for removal from 
Bonanza Creal.. , so that the total value of rhe . ..,.ood removed 
could b6 determined. Thr price differential for wood from Unit 
A was allowed as a means of encouraging more compleLe utthla· 
r1on oi this wooct . More effort on the individual's pan: was re­
quired to remove the o;mall diameter portion of thes~ trees due 
to the tact that they had been decked with their limbs and tops 
attached. A large amount of delimblng was requ ired before the 
wood could be cut to 5tove lengths and loaded Into pit:k u p 
trLJcks. 

Public response to the demonstration was gauged by the 
amoun t of wood removed from the area, and through interviews 
With wood gatherers. It was expected that a public unw illingness 
to pay the higher res would have been evidenr.ed by huge 
amounts of wood being left in the decks. There were alternate 
fir~rwood cutting areas provided bv the state at a lower price, to 
which the public could have tumed. though these areas m(lui re<l 
that the Individual fell his own trees and drag them to his 
vehicle. lnteviews with the wood gatherers were designed to as­
oar' ain the maximum price they would be wtlhng to pay for 
decked wood. The price Informat ion was tmparmnt to deter­
mintng the feasibility of using this method to meet firewood de­
mand. 
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F1gure 3. Common form of bole darn.tge 

RESULTS AND DISCUSSION 

All of the information baing sough1 by this demonHration 
could not be obtained In one year, particularily with regard to 
stand respons£!. It will be sc11eral years before any goad mforma· 
tion can be obtained on growth cnanges and the <~mount and 
types of regeneration which take place as, a result of this treat­
ment. 

The assessment of damage caused during the skidding oper· 
ation re,Jealed U1at an ll!timater1 25% of the residual spruce trees 
recerved some form of damage (Table 2) . The mAjority of this 
wa<> a result o f the operat or dragging lags <Jround the base of 
standing trees, debarking the bole at the point of contact. Mon 
o1 the damage was light, though there wen: several tre<ls which 
ware debarked for nearly 50% of their circumferences. The long 
lerm effects of rhe damage wtll have to be monitored to deter· 
mmo whether growth impaJ.-mont or monality can be tdentified 
with any level of damage. Sevem root damage mav result in an 
Increased suscept ability to wind throw, or insect and diseas.e at 
tacks. Bole damage may serve as an entry point for rot a11d may 
causa a weak point to develop as the wound heals, resulung In 
possihle stem breakage. 

In nnaryzlng the economics of this demonstration, the costs 
of setting up the area, i.e . identtfying baunaaries, mapptng. tim · 

Table 2. Harv~ting Damage Summary. 

Type of 
Damage 

Root 
Bole 
Crown 
Combination c 

Total 

No. ot Damageo 
Trees 

Observed 

50 
191 

10 
23 

228 

Porcenl of 
Stand'~ 

Dametged 

6 
23 

1 
3 

27 

Average 
Porcentb 

of Damage/Tree 

12.5 
26.0 

a . 
Th!! P€'rcenfl1ges are ba$E!d on a re,Jdual roruC\1 stand havin51 87 t ~s p r 
acrtt. 

b Bole damage refer~ to rhe pr.rc:ent of the circuml~rmce debar ~ed. 
crown dam;;.ge refl!r~ ro the percent of he c:rown delm'lbed 

c Trees w:th mot• ·han one tvpe of damage. 



ber cru~&ing and road layout were included. The total cnst of 
theSB activities was calcu lated as $31 55, based on 180 hours of 
labor at $12/hour, a matl?rials cost of $ 150, and a trave l cost of 
$125. Labor expended for purely ri!search ends was not con· 
sidered in the analysis. The total co st o f providang wood in 
decks. tor publ ic removnl was $25,455 of which $16,5 12.50, or 
65%, was recovered by permit fe~. The cost incurred by the 
proje<:t rn converting thrs mixed spruce-hardwood stand to a 
pure spruce condition was, lharltfore, $8,942.50 o r $94. I 3 /acro 
The firm whrch was awarded the contract actually spent nearly 
$51,000 to accomplish the treatment. This was due to basic 
unfamiHanty of the firm 's f irst subcontractor with &elective 
I091Jing p act.ices, whrch requrred his replacement after only one· 
third of lhn work hart l>een <Jccompl•shed. Rather than dfltault 
on the contract, a ~econd ~ubcontractor was hired by t he con­
tractor to complt.:te the remaming two· thirds of the contract, at 
a co~t ·n excess of the total origrnJI bid. Several of lhe original 
brdders have sub&equently stated that they fe lt mat the contract 
was under bid . and tnat a more raahstic bid would have bet:!n 
$30,000. Based on the original sotup costs the more real istic 
contract woulc! have cost a total of $33,155. Subtracting the re­
covered costs, th1s would have amounted t o a treatment cos I of 
$175.18/acre. The long lerm response data wall l1ave to be 
analyzed to determine whether the expen&e is justlfred by an 
Increase .n the future v.:~ l ut~ of the stand_ 

The public respon~e to this method of providing firewood 
was v~rv good, as <~11 of thl! wood was permitted o ut. Interviews 
with Tndivu.Juals obtaining wood 1rom t he area revealed that 
50% were willing to pay at least $20/cord for wood provaded an 
this condition. As can b e seen In Table 3, some of these people 
stared tflat they would pay $50/cord The other 50% did not 
want to pay more than $10 o r $15/cnrd, depending o n how 
much rhey h~d paid fo r their permit. Only one pe1Ctmt of 
those intervrewed felt that rhe price- was too high. For the most 
part. people seam to be willing t o pay for the convenience o f 
having wood provided m decks, as everyone interviewed wanted 
the state to provide more areas like this. one. Comments lnda­
cated that they enjo yed bfling able ro back therr trucks up to 
the wood instead of having to drag i t out of the woods, es was 
the case with o ther firewood cutting areas provided by the state. 

The Interview~ al~o provided other information on U1e in­
daviduals who rnade use of the area. It was found that 3/4-ton 
pick ·up trucks were the mos1 common type of vehacle u<>ed for 
wood gather-ng, with 1!2-ton prck-ups second. Veh1clos used 
ra nged from stafon wagons to 5 -ton flalbcds. lndlvrduals from 
a<> tar as North Pole (45 m1le11), and as near as Ester ( 15 mrles). 

Table 3.. Res-ponsas of lnterviewnd Ind ividuals Concerning 
the Maximum Price They Wo uld Be Willing to Pay for 

Decked Wood. 

Price (Dollarr.j No of Respondents Percent of Total 

10 37 21 
15 52 29 
20 52 29 
25 25 14 
30 9 4 
35 , 1 
40 2 1 
45 0 0 
50 

rnade use of the area. The average onaway d istance was 27 male~ 

for all those mtorv1ewed. The average amount of wood requ ired 
by these peop le was found to be 6 cords per year. Wood was t hl!' 
p rimary source or home heating for 56% of these individuals. A 
majority, 54%, viewed firewood gatherinq .;sa recreation oppor­
tunity, and another 28'Y, considered :t half work, half recreation. 

There were several problems identified durmg the wood re­
moval s"Ulge of the demonstration which warrant some discus­
sion. The first of which concerns the difference m wood util i­
zatron which occurred between Unit A and Units Band C. Unit 
A was the first unrt cut and people began raking wood out on 
November 1, 1980, yet at the end o f the wood -rem ova! period, 
July 3 1, 1981 , there was more wood left in this unit than the 
others. Utrli7ataon of the lower port ons of the trees or all unrts 
was the 5ame, bur as woodcutters In Unit A !Je[}lln t o remove the 
upper portions which had large numbers of branches, uti! ization 
decreased_ As al l oi the wood was permitted ou1, t apfJears that 
a number or ind•viduals did not romove all I he wooo thav were 
allowed. There was a large amount of wood less than 7" m ch­
ameter teft in the decks or Unit A (Figure 4) The effort re-
qurred t o deJimb the small diameter material apparentJy was a 
signrficant deterrent to complete wooc1 utilization. The trea· 
langm skiddmg system use-d in harvesting Units B and C resulted 
In much better wood utili7ation, as Lhe small dl.:rmeter wood 
was removed from these decks. 

Figvre 4. A n ex11mplll o f Jnellmount of small-di.:tmerer wood lefr 1n Unir 
A rfeckl. 

Another problem was the loss o f some wood to mr1aviduals 
who had not paid the permit tee, even though dailv patrols of 
tha area Wt"lr& performed to p revent this. The loss was estimated 
at 100 cords. or 7.5% of the crufr>e 11olume. Though this was 
within the 8.8% error limits lor the cruise, an inventory of decks 
aL thP completion of ha1 vesting yielded a volume figure of 1350 
cords, very c lose to the cruise estimate of 1321. tt appoars that 
the woo~ was lost after harvesting was completed, os I he entire 
volume removed from Units B olnd C had not been issued on 
permits. The loss wa~ Undvoidahle g1ven the part time superva· 
sion of wood cutting and the unresLricted access to the area_ 
The le11el of supervision was kept the same as for othor wood 
cutting areas which the state manages, ln order to quantafy the 
losses which could be expected durin l.l large scale u~ of this 
method · n meeting firewood demand. State forestry personnel 
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feel thar the losses can be attobuted to a very small number of 
individuals, and that the effort required ro prevent the loss 1s 
not jus-tifiabln A commercial operator using this method of sell· 
mg firewood, could re~lriCl access with a gate so that wood 
could be removed only when he was prasent to receive pay­
ment. Full t1me s.upervisiort on weekends et the beginning of 
woad removal from Unit A proved very effective In accounting 
fot the wood removed from the area. 

CONCLUSIONS 

The Bonan:ta Creek Demonstration was a good bnginning 
for the Foresr Management Project in meeting its goals of dem­
onstrating and evaluating alternative method$ of managing In· 
terior forest lands. It ha!'. shown that the felling and decking of 
hardwoods rot use as firewood can be an effective way to utilize 
wood that would o the1wise be lost to decay. Based on lhe dif-
ferences in the uttliz.ation o1 trees with and without limbs, 
future 1reatments of similar stands should use the 1ree length 
sk1dding sv<>tem, where hmbing and topping takes place at the 
stump. The damage to res1dU1:tl trees resulting from use of the 
selective loggtng system was found to be consistent with leuels 
observed outside of Alaska (Froning, 1980; Hannah, Kihn, and 
Kimmett, 19811. Damage levels can be reduced by better skid· 
ding techniques without Interfering with logging efficiency. Rc · 
moval of the hardwoods has opened the stand up so that future 
smgle tre-e sel!!i:t ion harvests of white spruce should be hlS!> dif­
ticult and less Jamagin!l to the residual stand than would be the 
case for similar untreated stands. 

The public response to providing firewood in thiS mannnr 
indicates that it may be possible to have hardwood removals re­
cover all or a large port1on of the total treatment cost The total 
demonstration cost lo the project wa!> $20.74/cord, though the 
more realistic figure would have been $27.01/cord. Even though 
ther.e figures are based on the total volume of wood permitted, 
a fee of S20/cord would have recovered 96% 1nd 74%, of the 
total cost, respectively. As the prices for heating oil and de­
livered firewood increase, thn value of decked wood should in­
crease to the point where fuelwood users will pay the cost of 
obt.aintng it and still feel that they are 1J8tting a bargain. The 
agencies responsible for forest managam~nl mu!".t make the de­
cision as to the portion of the treatment coil reco11ered lrom 
personal-use f irewood gatherJIIlJ. I r they are wi!linq to "llbsidize 
the publit;, the total cost of stand improvemom work need not 
be recovered through th~: &alii of firewood It IS the nuthor's 
op1nion that where possible forest management should recove r 
as large a portion of its costs as possible. 

At the p1esent t ime it does not appear that this system of 
prov1ding fi rewood is f11asible for a commercial operat1on io 
employ. This is due to ttle fact that fuelwood dealers would 
have to purchase the wnod from the >tate at the present market 
value o f $17/cord. Tho mm1mum price they woultl then have to 
charge in orde1 to break aven would be around $34/cord. Only 
3% ot the fuclwood gath~rers in-terviewed stated rhat they 
would be wrlling to ,pay lhis high a pnce for d!!cked wood Also, 
there are several wood dealers in Fairbanks who presently can 
deliver 8 to 10 cords of tree length 1095 at a price ot $40/cord. 
Th1s appears to be the most econom1cal means fo r a dearer to 
provide his customer!> with wood. 
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