


FROM T HE DIRECTOR'S DESK 

Alaska's agriculture continued rn grow 
d 1i1,g the pas t year toward the state's goal 
of 500,000 ac1 e~ · n crop production by 
19!:10. New lands brought into such use 
w1th10 the Delta Agriculrural Project in 
Alnska's illterior contnbutetl to the largest 
acreaoe planted o barley in tt>e st ate's 
h1 tory. This product ion IS schedul<>rf to 
increase subs tan •ally as new farms ure devel· 
ooed w•th ln the inuial 60,000-aCII'! ~rojt!CL 

Plans ar, underway tor « sale o state lancf 111 1981 that w11! expand the Delta 
A!lricultu ral ProJec t by 4 5,000 acres. In arld•tJon, Jction by the Alaska state legisla· 
t11re a ' d administration in 1980 provirJP.d fu nds to plilll substaf'l ial agricultural d~vel· 
opnten t near Nenana, cdso in the in te 10r. Wi.h these developrnlln ts has come increased 
in erest in providing intensive 'l"la11auement for farm wood lots and commercial forest 
land~ . 

l t~gi &l auve anrl administ rative acrron in 1980 a lso 1 rovided rund.s to begin devcl 
opr11en t of 15,000 ac·es o f new land, pnmarily f o1 Jairy fa rms, near Point MacKon1ie 
jmt horth of Anchorage in sou thcenrral Ala)ka. Projected production of mi lk t r om 
tr s p roject, using bailey produced in interm r Aldska as r he ~ed conccnrrate, will 
~upply approxrmately 62% ct the CLHten t m01rke t for fresh milk i., sout hcentral and 
interior Alaska. 

A special grant from the U.S. Department of Agr icult1J1e 1r 1980 perm lted the 
~xpPrirnent Station to initiate rcsea1 d t on conservanon tillage systP.IY s for smal l 
gra1n production in order to detem1ine the best praclices for soil conserv&.tlon ;:nul 
1 ' use ot so il 11 oisture fo r optimum y ields. Increasing feed gram production in 
A aska is stim 1lating n-s tat'! po rk production. Alaskan oarley, supplemented wi th 
pror1 n from the by products of A nska's fisning industry in rations developed by the 
F>.periment Stat on, has reduced f*d costs for 1 aising pigs in Alaska. Research by 
thP Ex perin 11nt Stat ion on intensive o rest mana~]emen t . including sniective logging, 
Is n~e!!T ng expanding demands for fu ~> l wood. 

The success of agricul•ura llevelo)Jillcnt in Alaska depends upon th£? appl ication 
ot iechnology and management that will perm it Al.:~ska's agricu ltllra l :md fo(est 
ind1.stries to compete with food anti wood indLsstrlt!S elsewlrrre. Our Llmque tl ay­
lengtll s and soil temperatur~s require special crop varie 1es ;m el rul tural practices that 
car be develope<! o nly by esearch jn c rop and soi l science In Alaska. Thf! exo)anding 
Hve:.tock industry needs new informat ion in range science and animal nutr tion, 
brt!ech ng, and disease contro l lc obtain r.fficit!nt production under Alaskan condi· 
til11lS. Rese~rch on the economics ot a9ricuhura p roduction , rrocessin~, t ransporta· 
Linn, and marketing ar" equa lly Important. Researct> on fores t manaqrmen t is needed 
fo1 improved wood produc tion and ·o r H1e 1 anagement o l Alaska'! to rest lands for 
outdoor recreat ion. Alaska's agricul•ural and fo r.~s l ndu5 ries mu~t compete with 
other states that havn ~or decades received the ber~fits of compt'J'he sive agricultu ral 
resoa1c:h from thei• l~nd-grant un ivP. rsit ies. 

rne Alaska Ag• icultural Expenmcnt Station is smaller than any other s tate agn 
cu l.Jrtl exper imen t station in the United States. \Jevertheless, our work is d irected 
toward solv ng spec1fic problems identified in the t;eld by scientists, farmers, ranch· 
'lr5 e-nd foresters. Th s lssu>! of Agrt1/Jorealis contains some rxamp les of research 
dfrer:wd at inc reasing the e fHcit!ncy ot production and providing environmentall y 
s Ol nJ managen1f'rl l for Alaska's agricui1Ural and forest industnes. 

?..-u fl . :J),.r w 
James V. Drew, Dir~c lor 

2 January /198 1 

January/1981 Volume13 

Agricul tura l Experiment Station 
School of Agricultlir!l and Land 

Reiources Management 
University of Alaska 

ADMINISTRATlON 
J V. rlr,.w, f>f, D. 

Olrl!lt:t 1 Pro 1 At~ronomy Fdlrbanks 
S. H. A.,,1nd. M .S. 

A s1stan• Dor.-r;tor . • . . Polm••r 
C' W. H r1man 

Eucut1...e Qflu;t'l . . , I <Jilbanks 
J . G . GfllnP 

A drr 'l!Oio;)lov .. As 1s1am . f'aorbanl.;s 
l J. rC; 1:>-\lldnl, P'l .D. 

A.R. . S.J:; A Reseurcl Leader 
Fh·~l' ICh A(lrDnOffil~t . . . • . .. Palml'r• 

R L . Tayloo, M.S. 
a. R ., S C:.A. Local on Leader 
R search AgrilOOml~t . . f""lmer• 

~. L. lac woii:J 
"""'' tlnratlve Ofltc••r . P lrn • 

' U. ~ Dep 1rtm,.11t <• Ar~ur:ufturt:: A gtrcul· 
tt!fal Rasc-<~rr.h, SCrt .,ce and C'iuCittron 
A dfl"n' rr .. 11011 p•rfOII!lPI c·oopr.raronq w 1rl) 
rh~ VII•V"'rs.ity ol Alu~lc~ AgricoJitlu'l 
E•tMrimelll S t.•! I >n. 

Ar,roboreaf1s is oublished unrte the 
'"'a Jersh1p ol I e AES Publ ica io'ls 
Com111 w~e : J. V. Drr'vv /1. L. Brunda{Ji', 
L. J. "I~IJe~ild!:'., J . 0 . Mr. l<end ick, A. 
Juhe11\fille , and S. H. Restad. Please 
~ddress all cottP.Sflondenc ~ regarding thl! 
rnaga.(ne to: Mayo Murray, Managinc 
Editor, Agricultura Experiment Station, 
Unrve1s1ty of A lask a, Fairbanks, Alaska 
99701. 

Managing EL to r 
Typesetting 

Mayo "Jlurray 
Kdthleefl Shonk 

Prut LBd by Nonhern Pr n trng Co., Inc., 
Ancho age, Alaska. 

Agtoburflillls • puul1 twd by the 1Jn1~cr· 

slly o f AI .o,,, A!lrrcullUIB f,.P<'IImunt Sta­
tion. f"' J "<•. A,lruk;J 997u 1. l\ w oll• , 
oell' .-,sl w•ll ,cludl'! ~·o .. on Ito~ m 1long lir . 
1 he Agror.\lhUrul Expel o llt'llt Stolt on at rh~; 

Un1ver"w ot Afa,kR tHO\Iodes st<HiCn p ublica· 

1 Cll5 and l!quol >'t.llJcatlo• .11 s1 d "rnoloymi.nl 
opporwnu es lo all w i!hO H ro•gara to rA(. , 
c:olcH . n·llvloto, nar ""' orlg n, sex. ~qt., ohy~l­
c:&l hund Ci!P, Ot vuteran sl;~tiJS. 

T rJ ' lrnt>lltv tl!rl'l"lrlltl oov, rade 11<1mcs f 
P100UC.IS Ol'l!ilu Pm!!nt rnily h.WI! btlll U~ed II' 
1111~ puhliCflllun. No ontJor~"rr 11 of ~·11oducts 
or "'m' mention«! oa lrrtl! 1\h a oJ•It IS cnt1· 
CI.SI't1 ~rmllloo of thaw not m~:<1110rwd . 

Matl"r 111 app;:irt!'lo,; I r r~' may be • epnntcd 
P•vv d~o 10 ll"dorsemant nl comme.rcial 
prcvht<'t 1 ~t&' d or '""''"'d. Pea$!! r.reu lh 
w&earchero , wol~l!d. 3Jlo lht Unl\!nity o 
Alo~~k A 0nculrural Exptorimem St~IIOn. 



TABLE OF CONTENTS 

From the Director's Desk . .. 2 

A Chansing Pattern In Small·grain Silage Mix tures in Alaska by A. L Brundage, R. L. Taylor, and V. L. Burton 4 

A B1ological CatalysL Leaves Bromegrass, Barley, and Wheat Yields and Bromegrass Composi tion Unchanged. 
tw W. M. Laugllhn, G. R. Smirh, and M, A. Peters . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . 6 

Land Applicat1on o t Sludge- ' ' You Gotta Put it Somewhere" by R. A. Johnson, J. W. Winslade, anti~- J. Wooding . . . . . . . . 8 

Marl<.et'n g Alaska'~ Roses by C. A. Warren and C. E. Lewis . 10 

Agricultu re and Wlldlife : Are They Compatible :n Alaska? by L. J. Klebesadel and S. H. Resti:ld . . 15 

A S mple Struc ture for Plant Environment Enhancement by L. Allen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Natural Revegetation cf D redge Tailin!}S at Fox, A laska IJy K. W. Holmes . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 26 

Techn•ques for Continuous and Improved Vegetable Harvests. The Effect of Plant Spacing, Transolantinq and Direct Seeding 
by D. H. Dinkel, P. J. Wagner, and G. f. Matheke . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

Optimum Herd S tructure in Alaska Reindeer Herds by E. L. Arobio .. . .. .. ...... • .. .. ... . 32 

Plant D iseases : A Potential Threat to Delta Barley by J. H. McBeath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 38 

Aus.t Diseases on White Sprucr. in Alaska by J. H. McBeflth ...... . ..... .. ... ... . .. . . ...... . . . . 41 

The Parsistence o f the Herbicrdes 2.4·0 and Piclo ram in Alaskan So ils Nort.h o f Latitude 60° by W. E. Burgoyne . . . . . . . 44 

Responses of Arct ic Tundra to Intensive Muskox Grazmg by J.D. McKendrick. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

Alaskan Developed Grass Vari~ties Corni ng int o Use by Wm. W Mitchel/ . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . 56 

Persistence and Moyement of Agricultural Chemicals in Soils in the Delta-Clearwater Area by C. W Knight and C. E. Lewis 59 

Notes . . ....... . 62 

News a nd Comment: Delta Agncultu ral Project-Success or Failure? by R. Poliock . . . . . . . . . • . . . . . . . . . • . . . . . . . . . 64 

Publlcati ons List for 1980. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . . . . . . . . . . . . . . . 66 

ABOUT THE COVER •. . 
Alas!<a Rocket Grenadi lle, bred and owned by the University of Alaska. Sire: 
WhitTier-Farms Apollo Rocket. Dam : Alaska Standout Damoiselle. 

Age ~yr mo) 

2. 0 
2, 11 
4, 3 ~ 

Actu a l Produ ct iorl 

Days rn M~lk 

277 
389 
26 1 

Mil k (lbsl 

15,171 
20,914 
19,066 

'I~ s record 'to in progress. 

Fa t (%) 

3.6 
4.2 
4 .3 

Fat (l bsl 

540 
863 
827 

Gren.adille is parr of a long·terrn, dairy-cattle breeding expenrrwnt a t the 
Matanusk:t Research Farm and represen ts possible response to single nal t sl re 
~alect i on fo r milk production. 

(Photo by A. l . Brundage} 
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A Changing Pattern 
. 
1n Small-Grain 

Silage Mixtures 
. 
1n Alaska 

by 

A. L. Bru ndage ' . R. L. Taylor*~ . and V. L. Sutton"** 

Fo r mnny yea rs, visitors t o the Malanuska Research Farrn 
al P<1lmer hdve been accustomed to seeing large p lan tings o f 
to rage- type oats gro wn in 1 ix tu re w th Canad ian ri eld peas and 
destme<l for use as si lage . The de 1,1e lo pment of Weal barley, a 
northern-adapted, hoodP. <1 va riety released 1n 1972 (Taylor, 
19721. challenged the conventio nal o.n-pea m ixture for silage 
production . Unlike m ost var iet ies of harley rccomm~>nded fo r 
g'ai, p roduction in .A.Iaska, seed heads of this new va rie ty do 
not have the long, scabrous, needle-like awns which are cons id· 
orecl potentia lly harmfu I to I ivestock whether included in hay or 
silage. 

More recently . vtsitors to the research farm have seen fields 
f.)ianted to barley and oats, witho ut peas, in co mbinations s im i­
la r to that il lustra ted. Although the fle ld has been p lan ted obvi­
ously to barley and oats, the appearance o f t he fieln seems t o bo 
011t! of ordered d isotder, and o ne m ight conclude that t he fie ltl 
crew couldn 't qui te dete rmine whether to plant bar ley or oats. 

T he field 1s sown in a lternating na rrow str ips o f barley and 
oa ts, not as an ho mogenous mixture, by dividing the seed hopper 
of an o rd inary grain d rill into halves wi th a baff le, permitting 
t.he sowing of oat s from one half and barley from the other. 
Thus, ne twelve-foot gra in d rill plants simultaneo usly a six-foot 
stri iJ of oats and il si~e:-foot stnp o f barley as it moves across the 
field. 

This pract ice emanates from smalo·p lo t experiment s con· 
ducted during 1970 to study production and certa in labo ratory 
analyses of barley, oats. and peas when p lanted al one and in two· 
and three-species, equiponderant co mbinat ions. Pl anting was 
carriud out in th irty-square-foot plo ts at 100 lbs. t otal seed per 
acr". A com plete se t of these plots WJS harvested on each of 
fOul dates: 21 July, 10 August, 18 August, and 25 August. 
Forage m ixtures were hand sorted in to species components. Dry­
matter content and y ie ld, c rude p ro te in, cell-wal l constituent s, 

• Professor of Animal Science, Agricultural E•PJtrl ment Station, Palm~r. 
• • RltSI!arch Agro n omiSt, Agric ultural Research, Stl•nc:o~~ and EducatiOn 

Administration, USDA, Palm er. 
• • • Technicia n , Agri~:ul tu'1!1 Experimel\t Station, Palme r. 
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acid detergent fiber, lignin , t:md ;n vitro d ry matterdi~appearance 
were d e term ined for eacll ~pecie.~ whether grown ndP.pendently 
or witnin m ixtu res. 

Resul ts were used to compare thP vield and foragl! quality 
of the 1h ree species at fOll r successive harvest d;~tes when they 
were gro wn independ er 'Y and ln two· a11d thr~re-specics associa­
tions. The d at a were USllLl also lo avaluate the In te r acuo n of 
species wr thln mlx tufl!s across h atvest daLes. 

Deta ils of [h~ ~'Xpcnm~nt anrf results obtained h1ve bP.en 
published in the Jo urnal of Datry Science (Brundage ct al. , 1979) 
and will be d iscussed nfo malty hr re. SuccP.ssivP stages oi matur· 

Barley and oau, grown independently but together, in the same 
rJeld 



it.y of the barley at the fou r harvest dates were early milk, early 
dough, late dough, ilnd mature. Concurrently , oat stages were : 
headed, In m ilk, ear ly dough and Late-rJough ; anrl pea-growfh 
stages were : flowering, podsettlng. pods fil led, and matun~ pods . 

The experimenta l design was predicated on the assumption 
that lha independttnt y ields of b arley, oats, and peas would he 
less '1 m ixed p lantings because the mixtu res included one-ha lf 
to one-thi rd lhe we1ght of seed per each species re lative to t he 
planting rate per species in p ure stands. However, t he yields o f 
barll'V, oats, and peas g rown independen tly and in m ixtures 
demonstrat~::d speciftc differences in ability to wi thstand compe· 
titian Barley y ields wore red Jced by only 28% when grown 
Wtth peas, by 48% when gro wn w ith oats, and by 50% when 
grown with oats anu peas. Oat y iecld s, wh ile reduced by on ly 
1 8~ when oats were grown in associatton with peas, were 61 
and 64% less when oats were grown tn oats /barley and oats/ 
barley/pea m ix tures. P~as we re much tess competi t ive than 
eith"r oats or barley and yielrls wefe reduced by 72, 69, and 
83~ when they were grown will, oats, vvith b arley, a11d with 
aau: and barle y. 

Average total yu~lds increased by 64% bet we e n 21 Ju ly 
anrl 10 Augu~t and did n o t inc1·ease signif icantly thereafter. T 1is 
ob"trvatJOn supports i.he recom menda1ion t o delay ha rvest of 
s-m ull g ain forages Unltl the early-dough stage of grain develop· 
m~nt in o rder to ob~in greatly increased yi eh.Js o f forage com­
pared w ith earlier harvests ar h eaded o r early-milk stages. Pro­
duction o t peas in purr. stands IS contraindi~ted by t he small 
yields obtained compa1 ed to those of barley, oat s, o . m ixed 
forages. I nclusto n of peas in sm all -gram mixtu res may be predi · 
ca ted on thetr ind eterminate growth hahn wh ich confers stabili ty 
of chrmica l wmposltion to small-gram/pea m ixt ures over time, 
as W!!ll as the e nhancement of the t otal nutritive value, especially 
uur'e oroteln . However, mix1ures of oats and barley also have 
some st ability In qu31ity over t irne d ue to the later maturity o t 
oats, a lthough crude protein is considerably lower in the absence 
of peas. 

Al though the inclusion of peas enhanced the p rotein con 
[lmt of mixed forages, their use must be ques tionP.d by the 
inabilll y o f peas to coml)ete successfully with small grains. The 

decision t o exclude peas fror'1 bot h oat and barley strip~ is ba~>ed 

on bio logical and economiC realit ii?S. The seed co-.l fo r peas is 
more than e ither barley o~ oats. T he tai 'ure of peas to ~ampe1e 
effectively w ith e ither bar~ey o r oats n the rwo-spedes mixtures 
provided further ju stific ation for !?xclus10n However, exclusio n 
of peas from the oatlbarley plantmgs does 1esult in lower p rotein 
silage than t hat p roduced with lhC" oat/pea m <tun"5 used prevt 
ously. The refo re, the use of oatr. and barley 1n ahPrnate strips 
fo r ••lagu, or as m ixw res, wtll require higher proteln ~uppiP.men­
t<Jt ion in the concentrate cartlon of a teed ration than would tJP. 
necessary W ith Oilt/pea snag~. 

Ba rley and oats did not differ appu!cAably In tolal yield 
wher1 gmwn in pure sta11ds, but oat y ields were n~duced whe n 
oat~ were grown In asso iatio n with barley. However, the-l ag in 
m aturity for oats in comp.>rison with barley sug,ue sts that tho 
m ixture of oats and harley wou'fJ provid e a relat vely longer 
sat isfactory harvf!st penod for themix.ture in companson to that 
fm barlcv alone. 

ln recogni tion of rhis , one m1ght choose to grow barley 
and o ats indepe ndently n diffnrent fieldr.. Howe~er, L>lendinq of 
the two forages in the Silo would rPfJUtre concurront ha rvest of 
barley a nd oats in the seJJarate field~, nacess"Ltt•nfJ c onsid erable 
c oordination of harvest eQU pmsnt as i'l movEK between fields. A 
p rac tica l alte rna1ive tn th ls is 10 grow botJ1 crops independently, 
bu t together in the same f ield lr alternate strips. While grown 
Indepe ndently a nd with m nimurn i1 t e rspecies c o moetitton, the 
oat s and barley w ould be b lended ·natiallv a+ the t rne ot h a rve51 
in the fi e ld and addit ionally when baing blown into the s lo. 

Research C.Jrre ntly ·sunder w y aT the Vlata11uska Resea rc h 
Farm to study t he p roauctton and nun tiona1 quality of oals 
and barley p lanted a t two ratfrs 1n pure, mrxed, ~pli t, o r al tPr­
nate-row plantings.D 
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Does it Work? 
A <(Bi o logical Catalyst" Leaves Bro megrass, Barley, 

and Wh eat Yi elds and Bro megrass Composit ion Unchanged 
by 

Winston M. Laughlin *, Glenn R. Smith• •. and Mi.l ry Ann Peters•• · 

The Alaska State Division of Agricul 
ture supplied severa l gallons o l' tHO-CAT 
sod addi tive t o the Agricuh••ral Experi· 
ment St ation with !he request that we 
e~·aluatr. t he a b1 1ty of th is produc to 
i11c n, Sfl c rop production Testing of such 
non traditional soi l amendments is OJery 
importa n t from a consumer standpo int 
since accompanying advertis ing claim s 
may be convincing. Advertisin~l on the 
iabol ol this product states: 

8 10-CAT is a biocatalytic soil 
additi ve which, when m ixed wit 
water ancl sprayed on p lants accorrl­
ing to direct ons . activa te's the dor­
mant microorganisms 1n the soil 
These microorganisms In tum he lp o 
break down thr organic matt er in lh~t 
soil and thereby enhances the plant 's 
ab1 lity to ut il ize the nu trients in rhe 
so1l m o n• .effectively. 

B 10 -CAT 1ncreases the produc­
tive ness o f plants by taking advantage 
at and mak ing more eff1cient use of 
the nutrlern s In the so il. 

8 10-CAT Is not a fe rtilizer but 
sh ould be used in addition to terti­
i zcr. 810-CAT works most efficient­
ly when sufficient moisture is present. 
In addition, B 10-CAT may be pre­
m•!<ed with wator at the above stated 
ratio for purpose of water ing the roo t 
~tructu re of the plan ts. 

810-CAT is a clear bluish liquid 
haYing a specific gravity of 1.005 kg 
p~r liter (8.4 lb pe r gallon ~ with a ? H 
value of 1.4 to 1.9 in undi luted 
mate rial with total sol ids of 0.6 1 %. 
Fr1llowing d irections on the contain-

Ill, we evaluated 810-CAT on crops of 
barley, wheat, nnd bromegrass in 1978 . 

EXPERIME NTAL PROCEDU RE 
Barley and wheat 

Uniform areas of Knik si lt loam 
(Tyolc Cryorthents) on the Matanu-~ka 
Resc.drl"h Farm were chosen for separate 
blo(:k exper iments (p lots 6 by 15 fee t ) on 
spr ng-planted barl- y and wheat, each 
wirh eight replications. Weal barley, 

· Research Soil Scientist, SEA-A R, USDA , 
Agrfcultural Experiment Station, Palmer. 

• · Bio logical Technician, SEA·AR. USO A, 
Agricultura l Experiment Sta tion, Pal~r~ er. 

• •• Laboratory Technician, Alaska Agricultura l 
Expe riment Station Palmer. 

6 January /1981 

planted with CJ gra in drill w ith a ferti li zer 
attachment on May 3, received commer­
cial 10-20-_?0 ferti li ze r at 200 pounds per 
dcre supplying 20, 40, and 40 pounds of 
N, P2 Os , and K, 0 , respectively. Prior to 
plan ling tl1e wheat on May 10, we applied 
250 pourds pf' r acre of 8-32-16 supplying 
20, 80, ar.d 40 pounds of N, P2 Os , and 
K ~ O. respect ively , and worked it into the 
soil. " SI O-CAT" spray~ 12 oltnches per 
gallon of wate r) were appl ied lmmcdrately 
afte r m;xing at the ra te o f 60 qallons per 
acre t o 16 plots on June 8, and a second 
applicat ion was made on 8 of these plots 
on June 19. The crops were about 4 and 
6 Inches tall on those dates. Plots that 

received no BIO·CAT were spraved wi th 
the r.ame quantity of wa1e1 frorr a spray­
er. On Au~:ust 22, tour 10-foot rows of 
bilrlt!V. and on September 18, fou l 0-
foo rows o1 wheat were cut wit h a han I 
sfckle trom lne center of each plot, placed 
in a sark, drred for sevl;lral weeks, and 
1 hoJn !hi eshed Straw .Jnd gratn yirlds nnr1 

grain test wet9f115 were dete•mmlld 

Bromegrass 

A uniform 6-yeat-oll'i rtand of brom~­
grass on Boden burg ~i It ortm 3 mtles 
south ol Palrne1 was selHr ted for d block 
exper·ment with P.iqhl repl1cauo s. All 

plots (6 by 15 feet} werE; top dressed on 

Table 1. Effect o f 810-CAT on Weal barlev. y1eld, te~t weight, and 
grAin-to-st raw ratios in 1978, on Knik stlt loam I means of 8 measure menu) 

Number of Gra in Test Wetght 
8 10 -CAT app lications St raw T/A Total (lblbu) Gr lin/straw ratio 

0 1.53 1.51 3.04 42.4 0.99 
1 1 .54 1.54 3 08 42.1 l 0 0 
2 1.50 1.50 3.00 4 1.6 1 01 

C.V.(%}1 15 .6 12.7 13.9 3 .5 ~.a 

1 
Coefficient of van at ion (C V .I lnd !CB1Bt the cll~l">! f~II'TI ot the 1ndi"' duul valuE's a1 OUri<J 11~: mean. 
ThP. la rge- the value, llitJ lrllilte r t he 1/ilfl ton w illllr" thll experlm,;nt. Na11e of lila lll>OYt illlhJ•'Io 
,how siqn· r,cant differences related to trnatme.,t . 

Table 2. Effect o f 610-CAT o n wheat yield, ten woight, ilnd grain·to•sttaw 
ratios in 1978 on Knik silt loam (means of 8 measuremenn) 

Num ber· of Gram Test We1ght 
B I 0 -CAT applications Straw T/A Total flb/bu) Grain/)traw ratio 

0 2.69 1.71 4 4 2 60.7 0.65 
1 2.62 1. 71 4.33 61.0 0.66 
2 2.72 1.71 4 43 61.3 0.63 

C.V. (%}1 8.3 7.4 7 1. l 6.6 
1 

Coe'lic 1en t of V<Hiilllon (C.V l •nd cate• I he dispers1on of th individt •• ll vahJ-·s around •he m P.a1 . 
T'1tt larger the vAhJP., t he qreater the variat ion Within 111~> Hxp•r•m,r1 . Nan~ ()I lltu abo•.·<! valu«• 
show sign1ticanr ciiffl!renceli r Iaten to lrP.atmllnt. 

Tablo 3. Effect of 810-CAT on bromegras$ yield N03 N, to tall N, and total N 
uptake in 1978, o n Bodenburg silt loam !means of 8 measurements) 

Number of Ove11-dry N0 3-N Total N uptake -- ---·--·· 
BIO-CAT applications 1st 2nd 1st 2nd 1st 2nd 1 s1 2nd To tal 

per cu ttin(l T /A lb/A 
0 1.57 2.30 .05 .1 l 2 .97 2. 25 65.0 1024 167.4 
1 1.54 2.52 .05 .11 2.09 2.26 64.3 11 3.2 177.5 
2 1.64 2.66 .05 .08 2.06 2.18 67.2 11 5.9 183. 1 

c.v. (%)1 12.3 14 .5 7.2 31 4 6.'1 11.0 12.4 12.5 10.3 

1 Co .ff·ci.-n r of van ton (C. V .I inciicates t he cJi~P"'SIOn of the PdiVIdual 'fRIUI'"~ 01 ound the mPIIn. 
T nt! la rger the val ue , t he gre •e r the varia1i0 1 w tl1m the expet'Tn nL N onP ol thl! abo ... e ~nal~.oes 
~how sigrHf•carn d Jif!!rences related to tl'e~tnlt'nl . 



June 2 wrth 120 p o nds per acre of N as 
ammo1 ..1m nitr ate, 10 0 pou nds per ilc rc 
of p ,(J~ as Lreblcsuperphosphate, and 

10 0 po-.'1dS per acre o K 0 as s Jl+ate of 
potash . B I O·CA T spray was ap plied to 
the 16 bt omegrass plots i, the same mar 
ner a~ for the grains on J une 2 , and 8 
plo ts r ceived a sP.cond applicat on o ~ 
June 16. Afte r •h e t rst c u l tJPg, similar 
sprays wr>re applied on July 18 with the 
8 p Ob aga n rccetv r'Q a sP.cond applica· 
t1o n o J uly 24 An M l f ron <tl 1 0 0 pouncL 
poJr ~c<e of N as arnr onium n trate was 
appliPrl ~he r tile firs t cu tti n(:l. J ust after 
thr. emergence of seeo heads on June 21, 
and agam on August :?2, forage from all 
plots was ha rvested with a small sickle 
mowt.r. leavino a 2-inc $tubble Greer 
<1 d dry weight s were record ed and repr~· 

sentativr sampiP.s from e nch r ot were 
grouml to pas~ a 40 rr sh sct e~. 

S<Jil analysis 

Aftc r the batle y, whl'tlt, and second 
bromegrass hnrvest, so1l sarr pies were 
taken o m each p lot to a 6-inch depth 
We dPterrn1nod p H and a aly7ed these 

sam ple5 for N0 3 -N, P, ond 1<, using a 
mod fed Morgan's procedu re w1th sod•­
urn acetate buffe•ea a t p H 4 8 (~ a rt n, 
19 70). 

Plant a naly sis 

Plant t is>ue w~ aralyzed as follows: 
N and t> si tl"ul taneously , us•ng a T echm­
co n Au toant~lyzer lTIS, 19 76); NO -N 
wtth til" r itn te elt!C odP. (Sm ith , 1975); 
K, Ca, and Mg. ust 9 an atomic absorptio n 
spect r 'lphotomete r iollow lng a su lf u ic­
seltmou~ ac id digt!SliOn I TIS, 197 6) ; and S 
with an auto matlf. '>lllfur t itrato r (Tiede­
m;m n and Ande rson, 1971 ). 

RESULTS AND DISCUSSION 

Weal Barley 

Yte .t.l , b ushe l t'3~t we i g~ , and gra in· 
to-s r<~w ratios were ot in fl uenced signi· 
ftcantly hy BIO·CAT spray s (Table 1). 

Wheat 

Yirld , uushe l test we igh t, end grain· 
to·st raw rattos we re no t influe nced stgni· 
f icantly by BIO·CAT sprays (Tab le 2). 

Table 4. Effect of BIO-CAT on percentages of P, K, Ca, Mg, and S tn broml!g rass 
forage in 1978 on Bodenburg silt loam (moans o f 8 measurements) 

--- - ---
'llumber (Jf p K c Mg s 

B 10 CAT app licauons 1 -
per c u tu ng :;t 2n :f 1st 2 n d 1st ,, d 1st 2nd 1st 2no 

----· 
0 24 .31 1.65 1.88 .42 .40 . 17 .22 .16 .1 7 
1 .23 .3 1 1.66 1 .78 .42 .41 .16 .22 .16 .18 
2 .23 .29 1.59 1.77 42 .4 0 17 .22 . 16 . 18 

c.v. (%)1 5.6 7.5 6 .8 7 .0 9 6 11.1 7 2 12.7 4 .4 7 9 

1Coot l!l;lPnt I varl '' n (C. V I tr doQ!tes tl ,. d ospers•on of the ~ctov d u.' v lues aro m• the mc.~n . 
Th I ogP.r tho v u•' ne greJt ·r tne van "' I witt 1 h·: expenrn~ 11 None o• 1 '1f? above 1111luc~ 
s.how Sl!lnlficanl G lf,.rPnces rei .. ted 10 t·eat'Tier I 

Table 5 . Effect of BIO·CAT on P. K Ca Mg, and S u ptake by bromegrass 
in 1978 on Bod enburg 11lt loam (means of 8 mauure ments) 

Numbt::r of p K Ca Mg 
810 CAT applt ca tions 

1st 2 nd 1s1 2nd 1 s1 2 nd lsi 2nd 1st ptr cu t ·ing 

0 7 .4 14 .3 51 5 86.0 13.2 18.4 5.2 10 .0 4 .9 
1 7 .1 15.4 50.8 90.2 12.8 20.5 5 .0 1 I.' 4.9 
2 7.4 15.7 52.0 94 .6 l 3.7 2 1 .1 'l.5 1 1.5 6 .2 

C.V. (%)1 12.0 14.4 10.7 17.4 16.9 16.4 15 5 15.1 13.2 

s 
2nd 

8 .0 
8.8 
9.3 

14 .6 

1 Coeffi · ront of vilriat ion (C.V. l ,,dic;nes '"' d lSper• on o f ·he o nd1111du~l va tu s arou r1d rha mean 
T.,r lmrgut rh" vahJ , I , greater tl•e var ation wot ., ln th Bllper un~· l . Non~ o f the aoove va ,J 

show~ !}Il l cant dol nr·es r• Ia ted •o trf!iltment . 

Table 6 . Effect o f 810 Cat on 1he soil pH and available NO:rN P, and K 
in 1978 (means o f 24 m<!asurernenu ) 

K" , (~a 1 !I (Aug 731 Kni k (w.,. I (~pt. l SI Bodenburg !Aug. 24) 
Nu · br .. of pH avaolab -1-i availabiP pH aV& 'nble ul"-r u 
appltr. l oons W rltl r NO:.rN Q K WA11' NOT N p K Wilt•! NOa·N p 

0 t).O 1 15.4 9.2 98 f. 2 16.2 8.6 114 5 8 26 10.9 
I 6.1 1&.9 8.8 93 fi.2 15.4 8.6 119 5 .9 22 9.4 
7 1).1 5.3 8.6 99 6 .2 Hi.1 !! .5 1 18 5.9 2R 10.5 

K 

30 
136 
129 

1 Co """ valut:s followed by 1h e samP. letti'r Bll! no t Slgnllcantly rJIIIN"nt il l t h t! S'J\, li!Vf•l , accorctmo 
10 Duncan·~ Mulllp le Run~fl Test . None of tho iJI:Jove valuM show sogn if c nt diifer~nc!t. 1 Pia ted to 
troal!"!ent . 

Bromegrass 

Yield, NO, N, total N, P, K, Co, Mg. 
and Scone nu .. t Dns and N, P, K. Ca, Mg. 
and S uptake by both cuttings were not 
influencP.ct ym can tly by 810-CAT 
sprays (Tab e~ 3 4. and 5) . 

S<Jil pH and vailable N03·N, P, and K 

B-10 ('AT ,fPpl rcation had no sigmfi­
can! etfr.c t o lhP. so tic H nor on th~> av I· 
abl~ NO. N, P, 01 K on either the l<"n k o r 
Bode,,burg si lt loam (fable 61. 

The p i I and f\IQ, -N v<Jiut::s for the 
Knik s ilt loam 1n Auyu<t and September 
wer11 tuattvely uniform and wern n o t 
intluen :ec.J by 810 -CAT treatments. 

Ov, Lhe yPars ~ever<JI soil <1dd1t ives 
and tc iar sp• av~ have apoe&aed on the 
marke 1 hoir dilims trequnntly exceed 
product P•Jrformance. They are sold as 
nu tr ient-releasc ngents, soil amenomems. 
ancl soil comliuonors , si c nost do not 
contam enough N, P. 1rd K o be sold a~ 
fe trl zcr. Most of he ;e produr.ts have 
co mmon character t ttcs , .vch s low apph· 
catton ra1es comp. red tC' ertllizer, ar~d 
may lJe pplitd to t h~ soil dm•ct v o r 
used 11> a foli spr<ly Testlmon als are 
often ll. srd 011 1 y o4r's 1 o;e in nonrep li· 
cater< 11 wl\, nd ti1P. mason for the claimed 
result.s s t!tthflr u.,known or ,, " trade sec· 
ret." Mo.t of rhe<:P products w il l n o t 
cause Jn 1 harn to tlte crop. Howeve•·. 
replicated fidel expe ·r'lents seldom show 
an y beneficial effects . 

CONCLUSIONS 

The results fro' these ree experi· 
men"tr show&(l no cro1 spanse o 13 10· 
CA I app ·c· ons. r ~ untform y Ids and 
ott. •r 'lai.Jes a "nflect~d in rne extrem9ly 
low .oeff cit ,. o f v. lautlitV.D 
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HYou Gatta Put it Somewhere" 

Land Application of Sludge 

by 

Ronald A Johnson •, J ames W. Winslade · .. , 
and Frank J . Wooding • ... 

Sewage sludge is obtained from the p rocessing of both 
domest ic and indus t rial waste waters. The o rganic and in organic 
mc~tl.i3r in waste wate r are separated by a varieTy of treatment 
~rocesses. The so liu materials ren oved du ring t hese processes 
are rete rred to col lectively as sludge (McCalla et al. , 1977). 

The passage of the Federal Wate r Poll ution Control Ac t of 
197 2 resulted in seve ral c hanges in the water pollution conlrol 
f ield The mandate of the law for secondary-treatment fac il [ties 
and stricter discharge lim itat ions resul ted in an increasing 
amount of solid waste tha t must be d isposed of in some manner. 
The amount of solids to be disposed of in the United States is 
expected to inr.rease from 9.9 b illi on dry pounds per year to 
17.6 b11lion dry pounds per year du ring the 1980s (Pahrcn e t al., 
19 79). 

As the amount of sludge increases, so does the pub lic con· 
ce rn ove r the means of its disposal. In the past, t hi s d isposal 
con~isted of ocean d umping, incineration, landfi lling, and land 
appl ication. Ocean dumping of sludge will be prohibi ted after 
198 1. Incineration uses a great d eal of energy and may resul t in 
a1 r p ollution problems. Landfill ing provides a means of disposal, 
bu1 the lack of suitable si tes frequently I im its use of this method. 
Lsnd 90 plication not only p rovid es a method of disposal , it also 
allows fo r the recycling of plan t nutr ients contained in t he sludge. 

When lands u sed for disposal are properly managed, it is 
possible to avoid many of the problem s associa ted with the 
ot her d isposal methods. However, land application is not with· 
out its o wn problems. Poorly managed land application schemes 
may resu lt in a build-up of heavy metals and o the r contaminants 
in Th e soil, or in pathogen transfer through the food chain. The 
lack of large industria l plants in the Fairbanks a rea should pre-

• At•ociate Professor, School of Engineering. 
• • G~duate Student, Environmental Quality Enginee ring. 

• • • AS$0Ciate Professor, Agricultural Experiment Stati{)n . 
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elude toxiCity problcm5 caused by heavy •nela l5. Chem ir.al 
analyses of t he Fairbanks sludge h ave shown that cadmium, a 
meta l contaminant which has causP.1i p roblems 111 o ther parts of 
the Un ited States, is p resent in very small a~lounu. 

Microbiolqical studies, u sin g fecal colifo rms as ind icato r 
organisms, wern cond iJc ted on land applications of sludge ot 
Fairban ks du ring the summ Pr of 1978 (Fiqure 1). It was found 
t hat ~ludge incorporated into the soil hy L1lla~]O had a rapid 
die-oft of pathogens. The data colected in the FarrtJauks test , 
coupled with th tJ tho usand!O of Cil.Se histo ries of land app licauun 
of sludge throu!Jho ut the world, show thar land applicatio n of 
sludge can be accomp i;;hed in a sanltiHY manne r In inte rior 
Alaska (Johnson, 1980). 

During the year o f sludge appl ication. the so l in the study 
area was summer-fal lo wed. Crop resp onse to si.Jd ge was measured 
the fo llowing y ear. ' Hudson' o atc; ann 'Otra ' barley were grown 

Figure 1: Lan d application of .&ludge. 



on land receiving sl~dge, COI1lMl rc ial letttlr7er. anc sludge in 
COI!lhin<nion wrtl1 commorcial fernlrznr. A co1 ~ o! ln:dtment 
receiving 111ith11r 5ll.ldge nnr tertlllz:e r .,va!O used for rr,mpnri:;on. 
Sludge wa~ applied - the rate of 20 01 ,, or >olld5 ~~' acn,. 
Comme1';i;• forti ia was suppli~:d from;, 20-1010 mixture at 
the rrtt~:~ of 2!i0 pounds ')er acre. Grain y .olds for hese treat­
mllnU are prewnted in Table 1. 

Table 1 _ Crop Response to Applicc1t ions of Sludge, Commercial 
Fertilizer, and Sludge rn Combmdtion wrth 

Commercial F&rtillzer 

Soil Trea·me11< 

Control 
Commt:ircral Fertilize, 
Sludl)e • 
Com· le•cial Fnrt•liltlr" S udge · • 

Grarn Yield Ubs/acrei 

Oat& Ba1ley 

2761 
4014 
4867 
5873 

3887 
486" 
4A82 
5137 

-------------------------
'2!>0 ll s 'acre ol 20·t0.1 0 mixeu frmiil7er. 

• "20 t1 c! r.nllds per oct -

Oats showed a qreater r~spome to sludge thdn m;rley. 
A~>pl•catJon of sh1dge <tlono resulted m a 76% increase In vmld 
over that of tile ~olllrol. O"'t v 1old for the ,;IL Jgl! I re<~tment ~Is!' 
exceeded that for r f' comml!rcial-fer lfZcr tre<~llllllllt:. Th'' 
reverse was 11 u& In the '"'ilSE- of barley . The l1arley yiel! !Jrl:'rluced 
by L1tt commen;tal rertn1211r lrea menl was gr~a <I thM that 
resultmg frnrn the$ •JdgB .:-ec.~tn ~"nt. Ho 1ever, the highest yteh:ls 
for llOth oats ,1nd barlt~·v Wt rc produced by the combination of 
sludge and ~otnmf!rc•al f~rt hzcr. 

Sluc1g~ should be con~ld1H'I!d as a low analysi~ organic lerti ­
lt7f!t n which nutrient~ arc released in forms avnilable to pl111t§ 
over ll penod of 5el,ooral years_ AlthouC]h extremr>ly ~ar able, th 
total rtl tent content of sludge ·s generul y 'liqher ''n manur'! . 

he rreao compos·~it"'~ of Fat lilnks siL Jge ell d catlle manure 
(Dot JhJe anti Follett, 1976J oro g1ven in Tab e 2. 

Table 2: Nut1ient Content of Fairbanks Sludge Compared 
to Cattle Manure 

Nutt ent 

Nttrogl'n IN l 
Pho~phorus (P~ Os l 
!>otassium (K, 0) 

Fairba l<s S1wdge 

----Dry Weigh 
3.3 
53 
0.5 

Catlle Mnnu .J 

(%) ---··--
2.0 
1.0 
2.0 

When compared with C(jf llt' manure, sl rlge contain&, on 
the ave age, 1 65 times the to d nitrogen 5 . .J 1 imns tile phvs 
phon.Js a 11d Q_25 of e ootassi1Jt1 . Con tho .sand llOL nds of 
dried > .Jd!}e r.ontams 33 pounds of nitrogen IN), 53 pound5 af 
pho~phorus (P Q, ). anr1 5 po mds. of potasslur (K 0). This 
s 'l"ll' amount of llUtrhmLS .nat is. conti!in<'cl m 1,000 pounds ot 
dt trL sludge wo.uld requ1re I he followllllJ quamities or com mer 
c- Jl f11r tilizer rn order to providll tne same amounts: 

73 pounds of urea (45% N) 
t 15 pounds of trrplo &uperphosphnrc !45"{, Pt 0~ 
B pounds of murlatr of pvta~h (62% K~ 01 

Com,.,.l!lrC.1J I 
Ferillzer 
I l 

196LBS 

50"!. 

Mot '"' 

D"'d ~"'' 
S \I!Jc;~e l 
D 

IOOOLBS ZOC(ILBS 

75% 
Mo1s1 re 
SlbtiQe 

4000LBS 

Figure 2- Weighu o f commermal ferttli~er and sludge materials 
needed to supply 331bs N, 53lb! Pz 0· and 5 lbs K 0 . 

n1e total wei']t of the COinmercial fertilizer is 196 
l>ound&. The cor. o the cOnlplcrcial 'ertiiiZEiri b<tsell r o 1980 
Fa rbankr, pr1ces is $39.06. TillS then coulri lH~ conslc'lerl'd the 
'.I"Biue of 1,000 pOLmds ot liried sludge in tt<rrm of th'" maiN 
plant nutrients in 1ts r(lmpaSitJon Howr.ver, the 1esiduol value 
ol lh& tudge u1 dcr Alasko ·ond1t ons O\' r .. pLrlod of years 1~ 

uncer,.:un 1 he sl~1clge has all i!drlnd vatu~ "' 1 ~od conditicmer. 
rherefore. the true \ICIIU!! Of tf1F. Sludg IS r 1 lr:lWI . 

Thw :Judge at the Ft!lrbilfllo:£ tr~atmor,t plan! h not HVilll· 

nllli! in a wa\cl free !rum. Drymg .ol slud11e I€CJIIIrcs a consi(lar· 
able expend turn of equ. gy end tllil t:ort could -ar exceed lhe 
vallla vl rhe erld product. Under the present svstem o · h<mrH111g, 
siLHI!Jt! rnor~ture <:nnh-mts ol 50 to 75 vor c:em r:c;n he e;.;pacted, 
I f the sl11dge contatns 50 per r:cnt ffiC11SlUt"C, til ~ mean~ thllt 
twice the weight rnust ~ tran.potted to obw 1 Lti~ sarne 
amount of nutnent:; 1~ tn the rlrr d matl3nil!. But, ther~ exists 
tile potent tal to allow much mot ... ti.Jt 1 tD be economtc,Jily 
removed t)y solar dryln!J tn rhe $\.lmnl r. 

Flgu1 e ?. ihPW$ a t ompm isc'" o 1 tlw wei{lh rs r>l coiT11"rn!r 
cial .!!• ilill!~ tin J sludge rrtaterlal§ of s.eve1al 1no1rture contents 
tha1 rrtU~1 ue ~r;lilsported antJ npplted to tliu nnd in cuder to 
obtai ne sam,. anwunt of nutrients. It is l}bvious thet lh~ 
yreater th11 distance the sludge 1s to be hauled the Ill~ ll!Wttntag­
eou~ It becomes I is currently rh polrcy 01 rh.l! tre~lmenl plnnt 
to offer lila sluow ' f!P. of chargu to tnow 'hn w II come 1'1 .:w~k 
it up. 

lht:> •'~<or~ reprm;ents oply 01 preltmtnary lnvesl[g., Jll >t 
the !ISO of slurl!J'.' 3S a Sill I emenrlrncnt fo r11 r1 1. Alaska Th1- . 
is much lLJ t I' h a ner! regardlno tts .J~. Mort r ?SI' 1 ell is nr:!ederl 
to tletcrm 11e rtptlmum rotes of applic:aii('IIJ Jllu the length c,f 
time m r whkh beneftts will [I() !.lerlved by crnps_ Also, i11 for · 
rna troll is n,~>dr.d on how best to supplnme11 l the ~iudgc with 
commnrci 1H1II rze r In 01de1 Hl max11nil1• c1op response. l hese 
initial resula ir" 1r.;a1e 1hat 5lud!}e ~hould be consirJered 11 resource 
of yet· to be dP.turmtnetf valuu.:::J 
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Figure 1 : Roses in production at tho Univers}ty of Ala$ka, 
Fairbanks campu5. The nylon nettmg shown in horizontal layers 
<~bove tne rose plants is used for stem suppon. 

Marketing 

Alaska's Roses 

by 

Cathy A. Warren" and C<lrol E. Lewis .. 

Roses haw heen rderrf:!d to as "the queen of flowers." 
Thmr scm uous opf)€al. a combination of eleg .. r beauty and 
charm and t hon y sl umgtn have murlc 1hem one of t.he mos' 
populilr r.u~flowers worldwtde. They have long symbollP.d love 
and 1ffect ion: 

Thr. gi f1 o f a single red rose sig"ified " I love you." A 
proper V•cto rian lauv might reply w1th a Single yel low 
rose whrch impllcc ll~r Jn...ur was fickle, o• a wh te rose 
which told him "I am too young to love." ore s ~ngle roM! 
leaf which meant "I care '10L" It •he SLt"tOI was really n 
g1 r tleman, he wo~ lc1 ••gn aff with a musk rose wh ic" 
me11nt " n au art. a cJpr r-ious bic'au y ." But I h ~ origindf 
red roSA:: e licited another red rose in rP.ply . a match wa~ 
made. (C1ocken , 1973) . 

Even in mode n oJmes, ro~es mmd n symoblic. Roses ace given as 
gitls o n ValentrnP.s Day, l\•1 o t.her5 Dav, r nivP.rsaries o;nd binh· 
days. Although ;r the mod••m l.tdy or !}t!nllt!man were aw;uc o r 
19th certury flower language, more car~ m•oht be tnke n ih calor 
selection. Alrt$kan co nsunf'rs .·xh IJtl a rase-buy no p<rtern very 
simil ar t o that smm natlom<~ide. 

All roS4lS sold in A asks are imported. Our markl!t reSP.arcil 
indicatrs that Alaskan retailers and whole!>nlers would proflrr to 
r~•rchaS<e an Alaskan product comparllblt! in price and qua lity. 

• Stat rstrcal Cli!rk, Agdcultunl E.xpe.timant StAtton 
•• AssOJ;<ate Pro18$!1o~ of R"'ouroa Managernent, Agricultural Experlm•n'l 

Station, Falrbllnks. 



Figure 2 : "Fore11er Yours" hybrid tea rose. 

1-!l')wcver, roses, like most plan t;, prP.fr.r a warm soil ilnd a re 
grown as a perennld' crop . Ala~ka's coo ' soils, !;hart urowing 
season, and severe win t~rs preci\JdP. growing roses as a commer­
·:iill crop w it'lmlt 50mc ty pe of artiflcal ly obtained environ­
meNd! augmenta tion. 

Lug~ ammJttts of lo w grade o r wast~ heat are re loi!sed in 
Alaska by power olants, pumping sta tions, and geo thermal 
source~. Sfnce rose y ields and gn~enhouse grow1ng rates d rP. 

t)nhdnced by warm ro o t-zone tempe• atures, thu Un tve rsity o l 
Aluk.a was promptP.d to inveStigate t 1a use o f wast!:! hea in rose 

Figure 4 : T he r.ed and white pet"d,S of "Love" give this variety a 
unique look. 

F igure 3: The o range-red color and ruffl i!d pink ptl tals ar~J 
distinctive of the sweetheart variety ''Mercedes " 
production (Dinkel, 1979). Roses are cemg prcducecl 1n the 
greenho~Jses on the F .liT banks campus ( F gur~ 11 u il'g heat 
pravtded by a bailer in such a man11l'l as to simulate wa~te heat 
suc.h as that jus1 me-n I'JilBd.. WastP. haat 1 thP. fonn of w arrn 
w ater 13 funneled underground t hrough a network o1 pipes in 
order to warm t e sail. Roses havP. boon growr in thi mannm 
for the past three seasons Several varieties and co'ors art' grown 
though stud ies lldve concenttated on th'! red and yellow hybnd 
reas (Figures 2 t hrough 5). Rose~ brought into m oduct1on in 
mid-Februar y bloom by rnid April hr grow ng st•as.on •or the1;e 

F igure 5 : The ruffled pl'tals of this hybrid tea 01ra- chanu:terisLtc 
cf the " Golden fannuie" variety. 
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r•J&eS extend~ tr or February through lovember, a wl'lich time 
'>rod Jction and qua rty neL·reo~e due tr low liniH level$. At this 
Qorr \, he rose~ iltP !'U t !lack anrl hel(l dormant at about 33° F 
un · I F"'bruary wl Pr the hea t is increasori anu product;or is 
r ir IH!:!d An aln! n Jt~ svstem wou t.l l>e to plant bare-reo< 
rr,ses h February, CIPStruymg til( crop in Decem~r . 

MARKET POTENTIAL 
R"tall rlotists wero sent qucst1on<t1ire~ on which Lhey 

were 1 ked to c:Jstlmatr: SoJI&~ volumes to 1978. Fifty-on~ tlor ist> 
1m::n: lound •o bl In k11 smess. TII'•P ot · ese firms "'"" a.so whole 
saler~ . Tablr 1 $hows thl: <tiltl!wide distrlb ron o f rt!tai l ·torlsts. 

Table 1. Number of Retail Florists in Alaska 

Ctty or Ar~;~a 

Anchor ~!JI! 
Fair >a.,k~ 
Ju11tau 
Ktltcll,kan 
Home• Ke 1-ai. Sttka 
Aural 

TOTAL 
11 blnrludes 1 ~• F<Hllt Rlvrr od I al Elo1eru1o1 f . 

NrHnber of OutlPt~ 

e Two OUtlf'l ' eacn ol lhH three locatoons. 
Qllf uutlet <ll .. ach ot thl!lie locato011$ R;1•row, So doma, N niter- k, Cn 
do'los. Kottl!buu. Solw...-d, Valnt!Z, Palmur, Gl ,..nallen, Oelt;; , K{l( ok . 

Retail flo r•sts were J '<eel to report thei r ;al~s vo!L1111e oo a 
Pi)f·lllonth ba;;is by sub ractlng the •.•olume discarded ~ wane 
from tile number of blooms ordered ,\verag£? monthly b looms 
soicl state~· .. id~ for twel.. months I or each reoorting f11 m was 
1 01 l . . -"\veragc hioorns sold monthly per fir"'l by region are 
~hown n Table:?_ 

"Table 2.. 1978 Estimated Rose Blooms Sold by Alll!kan Flrrm 

Area 

Anchorage 
Fairbarlk!i 
JunCIIU 
Kenal & Sl"!warcl 
Rurt~l 

TOTAL 

Average Monthly 
Blooms Sold fo1 

RPSJ.JOndinl] Firm$ 

1,055 
1,307 
2,1 50 

4 15 
•115 

E.stimdted Yearly 
Silles for 
All Frrms 

265,860 
94,104 

103,200 
l'1 ,940 

_84,660 
562,764 

Alasktm retail florists sold an r:!stimMed 562, 76~ hloorns 
in 1978 wh1m Alaska'~ populatinn was estlmarerJ at 405,"i00 I.Jy 
the Al:tsk<~ Dep,H"menc of Labor (1978}-an ~Himated 1.39 
blooms~ cllpita. This iF lowP.r than U S co nsumption ot 1.59 
t)fooro~ per capira !Bureau of C<lnsus, 1978; llhnots State 
florr~ts A~sociation, 1980}. 

AprJroximati!ly 80 ot the 435,702,000 b looms sold to 
ret all flonts in th~> connguous 48 s totes re<~ch the consumer; the 
other 20% is -~ .. e~timaterJ loss to wasw throughor marketing 
chan Ill I~ In tnf' flor industry. Shao Alas(<: an fi!liJres were der1vad 
from r"tall s<lies le~'"5 was e, the volurne curchased bv rlorists tn 
AhsL •·r I I~< greater man -::h1 sates ~hown in Tablr 2. r() ~~tl· 
11a1;:. whol~sale sal;os volume, ~stimate .. ol sales lrurn T cihle 2. 
may be rnultipliacl hv 1.2 . T he percenta~ o~ waste roses repon:d 
nv AI lSI< a- florists ~i tually agr~etf wl th thl:' U.S. aVj,j l ~ge. If 
Alaskan rose1; wN~ a•Jatlitble, this waste •actor may be rttduced 
because of lonqer shelf life. 

Tht: Alaskan rose volume frqures do not ·ncludo an esti­
mate fm roses sold through chan«\els other than retcril florists. 
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Rer.ent stud es eslim II~!; the non florists' sn;m:: ,,, the markn 
indlq tr. nne-third of Jll . oral crops <II t ~old through rn rss mar­
ket channe-ls. .c. clepartm11m <~nv grocery stora~ . Thi~ I cluciP.<; 
bnrJcli11g, potted, 1nd fo1logo l'l;ams, as; we I .. ~ r.tJt flow rs w ln 
111e ' auer acc:ounting for 55· > of lhmo snlr.s (Goodrich ijqd 
Av~rmaete, 19781. 

Cut flower:> ar<> also b~y.nn·ng to appear in Alaskan mass 
markcls, parucut"rlv 9r~rv storrs. However, no estimates were 
availabl~ of :he numbe of ro<>es Wl1it h are mark~l"d in the state 
111 thi~ mannr.r . .)r~les rn ma~>s r all .. ets could Jncn.a$1: tiP drrnand 
hhicl. an A!aska11 grower would tac<!. n,a~fore, 1n, volumes 
5chown 1n Table 2 estmHitP. the leas blooms $Old or o the t..laska., 
rose market. 

Thmcr riefi 1ite peaks ocr. Jr in Alas'(an 'tlSf.' s, o:s; acccrtdir g 
1o he ·rsponse trom et1il florins: VaiP.ntioe's Day. M} he. •" 
Dav, and Christmas. TllP. F oris~· Trnnsworftl Delivery Assoc.a­
tion ~ FTD I reports show that t on1l crop purcha~es by volum~t .1s 
re!'orted by t etctil florrsts m the li.S. are Chr istr"las, Mothers 
Day, Ea$tar, ValentinP,S Oay, and Thank~gr~rng ranl<ocl in th.it 
order. r:un~:ra l s mpmsent •10 " ot thr: ave age t'o r~t llusiness 
whlle wedd l'lys ~~~prc5(!1ll only , o~ ~ o· SJI.s {lllinoi~ State 
Florist~ Associ a tJO'l, 1978l. The FTD tn'ormauon riJpra~l r s .all 
floral c:rops. Rosr>s w •. . e c.t dilhnr ntraled. 

It shollrl re note(l t.ha1 Chrlmnas anrl Valentines Day 
occur dut mg the winrer senson when Alaskan rO~>e~ have nnt 
be err produced In thl ~Ml>t. Supplamnn1ary ligh lln!l an<l F1.1 

greater ht!al wJII bP. reau red to meP.t production during the.sl! 
two peak periods. Aldskan wholesale lor ists m Ji~te thm1 
relatio nship$ wi til west-coasl suppliers are: such that cr consta1 
supply must be guarant !f!d by .he grow!!r. If supplies wure avail­
able only .., portion of fhl year. relatiomhips w · 1 these suppliers 
woulrl probably suffllr F-tn1her, onlnrons ul A li:lskan wholesalers 
t;gar :ling a "Ommercnl 1 ose _grower :n A, Hka are dtvr. s~. Some 

arc ski! ·· cal , viewrng ;; ~omm rr.~al ose grower "l!" comoet1tion 
wrth ex·sr ng whole sa l~:. ~. On he o h,., hand, ot.- ' ' w"!comed 
Alaskan producer<> as a slpn<~l .Jf murke1 advanr.oment. allowiny 
ther to rece-ive • 'r-ethea pr ocJtJtt. 

WHAT DOES THE LOCALCONSUMER LOOK UKE? 
S vl.ln tv fi\11! Far rban ks fil l nilies were s 1rveyed an an e1fort 

to r:!xamr e consumption pauerns to ros.es. N.unes Nere selected 
tram " 1975 Munfr.loJI Utilities System mailing last wh ic: n 
gtOllped c:ustomert. by re rdP.ntal iltCll . Repre~enLati~a >i:lt11poes (l[ 

equc.l !;tz.e •Nere takPn from eacl. region. r'inm ':!> v\lf'rf' men 
ch~cl<ad against the 19/9 phortehook to enbura curt t residr:!nCV. 

Thirty qurstionnaf res were corrrp,., ed and retu·nr r' AU 
rnen respondit1 !~ indicated thP.y ptefern:·d red roses whr.rea.s 
womrm 's preierences were tilirly evenly drstrfb,Jted ~ etwel3n tP.d, 
oin k, and ya low: 39, 3J, and 28'9\., re~ecli11ely. The number ol 
ro~s purchasefl or a one-year J)Oriod ranued from 0 to 120 for 
each rn~por:dent, with 27 G rllses the averaQI! yearly purchose. 
Age1 years marrit•d Income, and "·ears 0f edut.:otion at common 
purchasing 'cvcls .ue shown ·n Tab 11 3 

Table 3. A11craga Purchasers of Rose1 ln AI ~ska 
Categorized by Typical Amounu Purchased 

No, of Roso$ Age Educatt~"BI le•,!!l 
PoorJ:h;~s,ed -- - Y~ll•s 

to• 1 year Husband Wofo> ~I rr ud Hil.bentl Wofl! Income 

0 00 51 31 12.8 1 ~~ $1 !;;·30.000 
1· 12 51 •IS 30 1-1 14 $15·30.000 
13-24 46 42 24 16 17 ove~ $30.000 
25-36 47 43 20 15.2 t4 .. , ~11er $30,000 

mare r h.an 3 6 60 53 70 14.5 111 1v'!r ·SJo,ooo 



Volume purclklsed ir1cre<Jses os h sband> '>Ccupation 
1:.hanges. At lower purchasing levels, hlue-colla· jobs Pwdom•-
nat.e. At the "over-36" ourchas•ng ovel, ail purC'hllsf:' s afl' whi t ~ 
colla. workers. Women arJ.> omplove•l a t lower purch.asing level~ . 
but Jt f-.rgher purchasmg volumes, al n'lst all women lis! I he1r 
occiJDatinn as hou~ew1fe . At ~ I purr.h se levels, h 1sbands pur­
C'hasc 65% ol tt->n rases, wh le wives purchase 20'"':., daughters 
10'"%>, and sons 5~"- T"li rtv ·sf'oven perce11l ot oil persons respond­
ing purchased no roses, wh.le 1/% purchased over 3 dozef' 
hloom~. Forty-thre~ percent md.cate they receive o ro!>es rrorn 
ou~tde fam1lv memoc s ami 401b reCP.;Vf between 1 <rnd 2 
roses. 

HOW IS QUAUTY DET~RMlNED? 

~fforts to guide the indust y in setting qual ty standards 
'•ave not succeerled bec<:luse tl,is dett>rmlnation nas been ~o 'uu­
rectiveo. Appl!arance. chem•cal compos•thn, anri anatomical 
composition are used o determinP. quality Cl rhc Hl'\1! or pur­
chase by retail and wholesale oullt. t.s. C()mpon~n ts of appeilrancP. 
are stze, orm. surfare, cleanhrwss, c;olor, and condi ron. The 
CllPmica. quilhty of cu flowers i~ denmnlroec. by fragrar1r.P., a1 d 
ltll' anatom•cal quill ty by iextlne . Afte r purchase, quality 
charilct 'rlnics change, with lasting qualny of major importancP. 
IStaby 111 al. , l 9781. 

l o tmprove lasting auail RY, producer<; shoulrt bl' a· .... ar ~ of 
the Influence of pre·harvesr !actors on post-h<~rvest lasting quail­
des. Pr., harvest prodl cfon factors which mav e1tect lasti•l!l 
qual1ty are P.nvironmental factors suet\ as light le~els, grow1ng 
tempHulures, gro•\lth requ a ions. soluble salt le\lel: .n 1he 50 II, 
under tertilizatron and pest control (St<~bY, G., et al. , 1978 ). 
Oualrty can be controlled througi1Dllt the productio r. ycle. A 
h g tom peril \Ire n I e greenl ouso w11J result IP h .ghcr produc­
tion th.t 1~. a shonor tr n~> f or bud maturitY. A slower growrl 
eye! I:! w irh iJ lower growing teml)erature, re~uln in ll larger 
hlo~:~m l.nn lf!ss production Commercial growers must ma.<e a 
1 rad~· aff uecismn bPtween quality an product on v •elds. Hilr· 

ves1 should occur wtll:'n ltigh levels of r.;or bohydrates <' e presenl. 
This t1me ·s cltJring •he after noon ~or ro~es . Post-tlflrVI!St factor~ 
·nclude 1t1P mam rena nee or aven S"I:OI age tPmp• ratures, tht. 
influer ce o f mhyle • sources 1nd th1:1 importancP. o~ re lauve 
humrdity control. Ethylene gas has been known to md uce l rs1 
ing ~ me of rlolbll pradurts. Sou(ces of this gas are f l(ts snd 
vegetables, d iseasl'!l plants, and som~: ty pes of internal combus­
r on engine~ and pet o cum-fired hea ers, where ai r exchange Is 
minim1l 

The quality of roses gmwn at the Univflrsity of Al<1ska ,\laS 

found to be extremely h gh th rough prel iminMy testing by a 
local florist. Al)p(larance, fragrance, and lastinu rme were all 
superior to roses teceived I rom wes.-coast. supJ)I iP.rs. FrgU rt-! 6 
shows the compnrrso1 of roses grovm in Fa~roanks to those 
shrpperl m f rom nut~idr the stare. Alaskan ~lorl!>ts q P.11ecl indi­
cate thf.'y couh.l expa11r1 rose sal~>.s tf a superior quality rose oro­
duct were r11ade i'V tlable. Lastrng quillity can be lengthened by 
producing a local crop. FurlhP.rmore, some non-Alaskan middle­
mo2n r.ould be ellmrnated. 

INDUSTRY STRUCTUR E 

Growers produce, whol~sale rs ar1d shippers divide larga 
lo1<o mto small lots, rP.taile rs sell and consu·ners purchase. Inte­
gration may occut, growers may also act as wholesalers to 

retailers and wholesalers may also sell floral products throu~h 
relcul n o res. l hr. suuctu rP. of the Alaskan floral indus ry, begin­
nina at the wholesale leve l is largely hnt of an irltegra et1 1 r.l m­
try. Anchorage ~as at 'east t h ree suppliers ~at act ar. cut floWIH 

wholesalers. Two o · th~se are reta1l llorl~ts. who hr.ve d£vo>r~•fH1d 
Into whoiB"sal ing, while cortinuor to opera1e retail out1rt1. 0 '"­
whotcsi:lle• sells mainly TO rl'~oll rs.. Tnere ~~ additionill v•1~<nc<! 
of rntogration, both hom:ootal •i v"rtlr..a, within he i ,du ltV . 

Several I rms hi:IV'' JTlOJf> !han Ol'f' r ,~rt <JU!It!l, Onr. A•1• or,gr 
firm has two outl~:ls, wh h= 111H1thK • maintains fiv~ hrd"lChe~ 1 
t a· cny. A rm located 111 f<ena1 has nn ou II• t m Soldotn rmd 
dn Anchoragr retiitll.' r ha5 anuth r brum•h In liomer. 

Ar Ala$kan rose grower woulc1 nmst lrkely fall ·nw the 
cornhrnat1on growr.r (sellin!J to retaihns ancl wholesalersl cate· 
gory, Vf-'IY ~imilat to me wholesale/retail film ·n Anchorage. 
Wrth '' .~~11-develo(:)ecl market pl .. '• the .l rDWFtrs product could 
r~piacs an imported ~JrOduct n bot retarl and wholesale mar­
kms. no, llisrup ing r';e existing ut~fdbution ch 1 That is. 
many Alaskan retailers 111.1y directly f om soli c-.t~ out·uJe tile 
stttt . It ·s a oo n•on of his share of t ,. t>tall t ar et thai !he 
grower would Stlflk Ia caplmc, not t a portrun o f tho market 
now b tying trorr hl·HDtf' wlralesalcr<-. An .~laskan growm would 
most llkely ilttempl to capture a pr-'Tion ci the wholesale mar· 
l<er share nr.lw brought fron. aut of-Sli!te. a~ well. 

WHO ARE THE COMPETITORS? 

C<~liforo ra as consi$tently h•ld a rna1or ,hare of the 
domestrc: rose m · •kflt. In ,978, 49% of illl domes1ic llybrid tP.a 
ror-11~ and 38% of all do...-e~lic sweetheart roses sold in the 
Un1ted. States wprf! S\H nhed by California !Fossum, 1980, 
Fectorai-Stale Market Nr.w-s Service, 1978). I mpons fror'l to reign 
co\..ntrtes mto th" Umtt>d States more than douhlo~d from 1978 
10 1979. Colombia held 77" o ti1e rose-irnl)ort market n 979, 
vvhil~> lsro.f!! maw tained 16 /a. l otal rosf' imports were Jpprox -
"lutely 35 rnilllon blooms o f which Colombiil'S share was 
27,066,000 and l~rael's >h<ne wa~ 5,629,000 (LI.S. Depnr~menl 
of AgricultJre, 19801 Thert! Is no information to ;,<.!reate 
regional distribution w1tntn tnP U.S. of rnc un JOrtrd rose" . 
Seasonal import uctu<~tion s rhrm Qhout 1978 were relatiYelv 
minor t:o.npared to 19/9 Imports. OnP poss1ble oxplanati()n fot 
the IHgh import .. of roses durin\] holiday peaks s that the U S. 
suppber~ coL.IO IJQt me t df!mand during these ti nes. Most row 
impor13 occuneo dunng Decembf!•. -Nhcn ~rowmg co ditions in 
the exporting cnuntr es wore pe haps more f~vorable tntm those 
m tne Uniteo States. 

U.S. export data ·s unavaHaiJle for cut roses. Export data 
is grouoed fo r all cut flowers. fresh bouquets. wre<'ths, spray:;, 
or similar a ticles by Villue, not volo..~me Prro1 To 1978 sxport 
datt was ca tegorized in, 'l even more genoral mdn IN a; "flowers 
or buds, cut for ornamental purposes." Thus , e~e, 111r hmitl:ltl 
1978 data cannot h~: compared to p reVmlr!> ye.lr\' figurt!S . Con­
tact.s with the United St.,t~s DepartmP.• t of A[Jriculture, Ca ifor· 
ma Mar ke t New!>, and the Bum.au of Canws sugges, thr. U.S. 
cloes export roses to at IIHJ.st Canad l, but amounts 3re unknov.on. 

If Alaskan rose~ nro! rn rkl'tccl rn the contJgLlous 48 statP.S, 
rhc buye rs w il more th m lik~ly be at tho wholesale level. In a 
1973 study 13 wholP.~alu markc•ts were StJrveyed IU.S Depart· 
rnem of Aqriculture, 1973). While the northlla~t and mirlwest 
denend largely on lo(;(ll uppliers flu~ south a I wen i -nport the 
rnaro• portion o" the·r ro~e 5up~ly lrom Califomia It wo..tld, 
therefore, be rfl ... sonable 10 dSSUm~ th.:Jt it Alaskun rose~ WP.r•. to 
be so ld 111 the contlguou 18 stat~s. an attempt woJid t1avo to he 
made to g.1in a share o Cali'::nni.,'s market, partlcLo arly 1n the 

west. Al!Jit'Sen , a lack or tn1ormaticm ?.Xasts cont. rnrnq dt!mnnrl 
for roses m thP. Paci{H: R1m cour. r1es. AlAska does have an air­
mile advantagP. ove1 .ht- west~J•n U.S. to thesP. countries. How­
rver, unti l mo rr> infortnation IS a11allable, thecomp!ftit"on Alaskar 
9 owcrs m~<:rh t face It tl>cy attempt to enter thi~ r. arl<et camrot 
be determl11ed. 
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Figure 6 : Roses pictured on the left w ere purchased from a local 
flomt. T he roses on the rlgh l were grown at t he Unlven ity of 
Alaska Agricultuml Eltperi m en t Station greenhou$es. T he red 
ws.es '" each arrangement a re ' 'Cara Mra.'' Note the larger bud 
siza ;JI1d stron er stem of the local roses. 

FREIGHTCOST 
In terstate arld mtrastatc transportr~tion rnodes other than 

air dre limited in Alaska. Since roses aro a h igh ly pe rishab le 
commod ity and lr m sportation by <l'r is ava1 la :Jie to almo st 
every ci ty and ru ral v•llage in t ha stale , ;; r sh ip mPnl w ill be the 
mode of transpor at1 o n co nsidered through out m<~t ket ing 
channels. F rr. ight charges w 1ll h ave to be cornpP!Iti\•e w ith 
frslght cost f rom the west co ast In to. 1he state tn ord er for 
Alaskan roses to be competitive in rhe Alaska market. T o 
bo competitive o n the export market, freight cost must be 
euuivalent to that between selecte d sites in the c:ontiguous 118 
stares For example. · f A laska is to sh ip · nto tile Seattle a rea, it 
mu~t bi' competit ive wirh roses COIT1111lJ in to Seattle from the 
San F r mcisco area. Thll assum ption is made h ere that econo· 
mrc~ m product ion can he rea lized w h1c h Will brrng Alaskan 
ploduction costs in I ne with those of U .S. produc ors. 

Freight cost per rose was ca lcula ted based o n reg ional 
estimated h igh and low demand. De mand w as found to be as 
h igll as 3,828 blooms per week in t he Juneau area a nd as low as 
1,394 h lo oms per week in rura l areas. Fre ight rates are step, that 
is, I e p rice per pound decreases as 11olume sh ipped increases. 
T h s decrease occu rs eve ry 100 pounds. Therefore the demand 
hgures w ill affect the f reight ra tes. T he dernano figurns used 
vary by region anr box sizes to acco m modate demand . Savings 
per ro5e be tween Fairbanks· and Anch orage-based f1rms are 
minimal. A surprising comparison is I h at of frei gh r cost pe r rose 
for art Alas ka-based grower to that of fre ight cost t o r a Sea • tie 
d ist rlb.ttor to Juneau. Freight cost to Juneau per rose is less fo r 
n Fail b<m ks- o r Anchorage-based supplier than for Seattle or San 
Frnncisco suppl iers. Freight savings with in Alaska. except t o 
Juneau, are substantial. 
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One p oinl m ad£' IJy Alaskan florists is that traigt t costs 
wi ll st ll be inr. urred wher Q[her t lorol p roduc ts Jre purchast>d 
from west-coast suppli~ r> i A iask,lr· ros.es are purchas~d. T l1 
includes carr a t1ons, oltlP.r r:u\ flowers, and foha4• T1e fre igh t 
costs pe r rose esnmalt>r.l l1 ~re do not accour11 lor r11fferences In 
ordering othr.r fl o ral products trnm W'-''>l·coas l supplll rs and 
roses rrom w i Lhm Alaska Wf1 ha'.'l! assu!T'ed tnat ~ 1nr..e we1gt't 
sh ipped w ill decrease , sm ~llt. r box s.i.les will bP. u~I:J if rase~ a r~ 
1101 purchased fro m W ll-st c o a5t suppl ~ rs . 

Frei(lh t ra es fo r tnree poss rble ~~xpotl markets were 
calculated . Sea ttle was chosen to represent the western export 
market, Dallas the south, ancl Minneapolis the m idwest San 
F rancisco, Ancllol'age, anrl Fai rbanks wrn' consl <ie rP.d ali supply 
points. Sir c~> CalifomiJ produces the !T'ajori~ of domesnc 
roses , th1s 1~ t he h ktJiy market wnh wll rrh an Alaskar gro wer 
w o uld compete . h we assume thil~ c e half or T% of thP. 'Tiarkn 
fo r Californ•a roses could bP. c aptll ~d by Alasl(an growt' rs ·n 

each of the t h ree reutotl'>, his would nmount to 800,000 roses 
per year o r 15,385 per wee\.:. to l:ach destination. Thc- t ra:>•gln 
cost per rose is base{! on •hese rigu res. Pre lrmma v ... m Jence 
indicates the possibility of penetrati g the SP.<rt le marke! 1f 
wholesale rs we re will in~ to pay 1 lo 2 cents mare per rosr over 
Cali fornia prices lor he ,uperior qual' ty of Alaskan roses. 
Penetration oi the Dalla~ market by Alask an grow rs is margin al 
basr.c.l on estimated freight cost c:or·•Pm•sons Frerght costs ir om 
Alas a lo Dallas am approxim IPiy 3 to I cent. h ghor per ro~e 
"h,m fr om San Francisco tn Ddllds. II roses were produced in 
Ancho rage, cntr;;nce 1 o IPe Mlrncapolls m11rke t rnrgh, be 
achieved . Excess rve frP.IJh t.:o~ts from F alrbJrk.: I•> M nrl~ .. po lrs 
p reclude F airbanks as <J ~upplier . 

One thing is certam i Alaslc. 1n wt.otesa l~rs and retailers 
are to depe nd o n A'asl<an qrowers. , •PPIY J)dtterns will have to 
be rl!'latively stable for 'llaior floral pure!- ases. It · ~ doubtful, 
therefore. that state btNer~ would oepend o n a ~ i ngle grower for 
Lheir supply. If the re were ~everal qrowoJ'S in AI JSk il 11 lvr!JBr 
sham ot the ma rket might be captu od Thrs rn.ty he IT'Gre prob· 
able wi lh year-round producrion . Untl1 Alaskan growrrs bUild :11 

least a short-ru ,, h istOfY iJI tlepenJablc productron, ou si~e 
oroducts w ill c o ntirHJe ro n ake up a large portion of •h~ ind us­
try.O 
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Two-thirds of lhe world' s Sandhill Crane populauon migrate through Delt& Junction. Alaska, in spring and again in fall. Somo of these 
200,000 migrants are shown on the OHM far m in Delta Junction 8 May 1978. Cranes use the$f. fields for re~1ing and feed1r111 in the 
sprmg, but hurn,eN prevent such use in tho fall when the huntmg ~eason is open 

Agricu ture and Wildlife 
Are They Compatible in Alaska? 

by 

L. J. Klebesacle l· and S. H Rcstad •• 

Some intnrestmg diffe runces ex·sl across our nat ion regard­
ing thi! re lmionsh ips ol agricultu ral and wildlife mterests. In 
New Jersey, .1 nd o tl>'! r Hastern seaboard states, wildl.fe and envi· 
ronmentalist ntc rests a lly themselves with fa rmers to keep land 
in agricultu re ir attempts to forestall urban, commercia l, and 
lndt.srtt:JI uses o f he same land In Alaska, however, many of 
these sam e inte rests cu rrently are am1yed against ag ricultlJt a l 
development, some because t hey may favo r w lderness o Yer any 
typr. of human inroads, some because they may be u naware of 
how compat b!e agr•cul ture and much of Na ll!e's wildlife 
actLIJIIy are. 

Agricultu re and w ild li fe are not u niversally compatible , 
howevM. Wildrrness animals such as the gnzzly bear, timhe r 
wol , a11 d mou rn a·n 10n are inc om p<Jtible w it h nany agricu lt ural 
vent111es and h ave J i~appeared from m<li1V deve lo ped aqricu ltural 

• Resoatvh Leader, Agricultural Research/Sc1unce and Ed ucation Admir>­
i:oratron, U.S. Department of Agricultut!', Pal mer. 

• • Arustant Director Agricultural Experimor11 Station, Palmer. 

areas. Agricullul'1! and the coyote c;oexist w1th d1trc lll y, but 
the wilt, resou ceful coyote has surviv~d adm raoly n aqncul· 
tllr.al arr.as, desp te the costly ettort!> of farmers 1rHJ ranchers to 
dr;ve onf thL coyote. Even wllr11lfo rha no•mally coex !ots wi th 
agnculture w cthout conth~..t. can becomf! troublcsomP. if c rop 
damage becomes exc~;~SSIV . 

But there l!> anolher s ic.Je to th1 r.o 1 .v1ldlife and agricul · 
tum actually share many co,...,par•lJi•i 1es. \1\'hat fallo\vs here is 
a look at Alaskan lard-lise dec1sions, whitt ar.Jrir:ultrltl• is and 
does, anu some of tht:! conflicts and co mpntcb1fnies. between 
agriculture and wildlife, both In Alaska dnd elsewhere. 

LAND·USE DECISIONS 

Extremely imponnnt dr:c•slons art! now I emy made by 
state <Jnd nauon.tl leg•slato,s arHI appo11rtecl offir.'als that will 
have filr- reachmg etfects m detef'mi ing the destiny of the people 
of Alasl<<l a11d thn nation. Many of 1hese rleci~ior , involve >ut:h 
;a.,tl-use issues as wilderness. w•ldli ·tt. rnnowabrc r~sources, ani"! 
agriculture . 
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Some vocal advocates of lanlj·use c:ategnri~s 101 Alasl a 
ill at would omit anricul ture utoe llilSty dcr..s•om 1n r 1v ~ ~ '1f 
wJidarnP.SS alld J>arkiands, 

Few ilrclls with ·n Alaska iH~ sui red to agricultum, but areas 
thllt are su1ted tor ogricult111e have been identified <Jnd many 
feel stTonoly that these shoutd be 10et aside for agriculrural pur· 
pos~ These people also fe!:!l ,hat one of the fP.w thing5 worse 
thi:tn tgnonng lhe r <>erJ tor wllderner.:>, parks, and other nonilgr i-
r:ul tllrnl are<~s in lond-usc planrl"t'9 would he to 191101fl 1 1e need 
for rnP.P.ling manktnd'~ mos1 basir: need tllat for food providurt 
Pllltci~llv by aq 1 Jlliill'.. 

The rnirldiP.-of-th~road position b that, en Alaska, 1 "f'> i· 
adequate room fm aqrlculwre ~s well as othe1 lantl uses. Aids.~,. 
c.ontai11; 586,000 •q11are miles or Just t)\IIH 375,000,000 ar.rt'~, 
one-fif!l of our nation's total :m:a OP.r.isiom or. 4utum land 
uses m A ' ask 1 must consido. not o11ly the dec rl'd areA for each 
typo of use. but the !iiJi~ahi ' itv oi an orea ior the purpose 
intont!f.!r!. Tl e U.S. OCjJAt rrmmt of Agricuitur~ 's Soil Conservu 
t10n Se "ICP. has tc ~ntified approximat~ly 20 million acres of 
. otiS sult.illle fo r104Jiand in areas of Alil~ka where rhc clunah is 
conuucivo to 191 Cllhure (Fn.:umnn, t!l al, 19741. Thl - ·nav seem 
a loroc urea, t::~pr:dallv ~inr.e 011iy about .30,000 ar.res <1 1:! prf'· 
mntly ~tonpeu '" Alaskfl. HowP.ver, thest :'>0 ltrllion arrro. ot 
ootentislly arahle soils reoreSf!n only ilbou £r~ o . Ala~kll\ o , 
:~rd ren. 

If agricui~ H in the stiltc Wl:!re to ex p<tnrJ to i:.:; fulh 
potential, arlrling r· ngeland~ for rei 1t!Per c.nd Llome~1tc: I ve~tock 
to th• 20 rn11l oro acres of cror;land sotl>, most of Alasx.a would 
st1ll he eft for ,uch u1he1 uses a~ -!Jf?nal .-orests, N ... tionlll 
Pa' '.s Wlldllf'"! Rmur,es , Wtldcrness ArcHs, W•ld and 5c->nic 
RivPB, urban , nd othe1 nonaqth.ull Hal uses, >.Jch JS n•h11;try. 

S>lrnL 5 <Hemonts LlV one of Arncnca's ;lioneerinrr and 
vtsiottarv '4tiJI'te luolo~irts, D . Olaus J. Muri .. , ecspecialfy his 
insi!}ltt into land-me onontiP.~. arP. or special lltA'JrH. lrt a di;­
cussroo of plmning for Alaska's large wlldli;e- ~p~cies, Dr. Muri • 
stales: 

. • . p lanninQ for wildlifa In Alaska Involves a proc.edtJm 
thut r.ompletely ignores the soirit of "Jersonai oxploitatio 
nf reso rr et; . It means caroful St11fiY of /anc;J t!S9 PQ!i$tbdi 
ritts, on a r->gionM basis, w;th <~n e•ye to tierermin;ng what 
Bre~s are best rmecf for agriculture. what locallz.ed rlaCil5, 
i I any, are sunable for nat ronal p;nks, whit:h should bo lcil 
111 iJ prlmn'vP. stat~ for Lhe wii,J•Hm•ss ype of racrr.atron. 
Several of th!'se n~tHfs. especrally n the doverse ti~ld of 
re~reation, c<1n be combmed in thn sa1ne area, provided 
th 1 1ne management 01 admin ·strattvll plan ·s not too 
na row rn appliriltion. For examr' '"· conserv<mon o tarl­
l>o.' and mountain sheep could w~tl be cornb ned w1th 1 
syqem of wilderness :~reas, selected so as 1101 w er1<.roach 
on <I!JOCI/Itural lanri. Tnese two purposes go very well 
toqather. 

AboYe all, in olarming for Alaska's big game, personnel 
shm1/d be ca/1{!(/ on wflo are compt~rem to evaluate the 
•mNgi11g human niJfNis. ~Murre, 1950, it<~lir.$ or emphasis 
pr., oursl. 

WHAT IS WI LDLIFE? 
Taken as n whole, "wildliie" embr:Jces all faunu or animal 

life not rlorne:sticated or under direct human control; In lhJs 
d1s.cussron, the term "wildlife '' is used to encompas~ all bi1ds 
and mammals, but noJ fish, reptlles, insrn:ts, ar l"ropods, or 
other lowt~r animal forms. 

WHAT IS AGRICUL TllRE? 
During ancient times, whPn humRn lleings f1rst began to 

caexi~t w•th the othe• fauna and the fiorfl of this p!Jnet, all was 
"wildlife." Humnns coexisted on a near-equal bas•s with the 
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~\·oriel's "wild" unimnl< Clnd plants. To feed themselves, humans 
hunted wild illl ... ~ and go~thvred mhcr rood whet e i'lnd when 
they could find it . There ·.vas lillie or no rlr$turbanr;e o1 the 
n<~llllal i"Oviro '11 rnt' r-ow~ver, short· or long-lertil food ;carc1ty 
lefldinu to hunq 1 or . tarvatlon wa~ a nevf'' r. Hitn:g problem to 
be .UJmou()(cll, 

Ag1 icul lure ~o,oolvlld as m;m's r.uiLUrally contrivf'd t•uutance 
0~1air st hunger, ami i remains that today-lire <lrtificially matt· 
i:t!Jlld production lf crovs .and livestock lro!TI tn~ Jand-ensw ing 
il more 'tablt! and au equate food anrf fiber r.u.:>~ IV tl1an was possi· 
ble through hun ling and gathenny. 

A9ri~11 • re ts pumto rf at n\<HW levels of scale, hom part­
tlmll Lo fiiii·Umc rarms and r•mches, :md from bac.kyard gardens 
to lnrge farm JllC I 'I r Ullll:> CC1rnpr&S!!!l ()f ftundrt'!dS, c:van thou• 
sands, of .ocn~s. Anr Amencn's <~']ric~ flur'" , often lmlc •ll'lf1tllCi· 
atP.d Inn n;.tion whtHL It 11 s suce.,eded so marv1 ou~ly 1r1 meet· 
ing food need~. fC!!IlS ctaily both lu p acr tlm~1 ,; and, In ,..rtdl· 
tion, the va~t uninvolved populace. 

Aqriculture rs man ·nd'i Oli!]inal and only truly esse• •· tl 
1 , itJ~ ry, America's hist01 y of auricut:ural dC'iclopmcnt und pro 
luctivity i~ n11tt of th~ greatPst success stot ies in humanity 's rela 
trvcly sh01 1 history Some c:rttws of aaricLJ 't.Jrtl Mlnll1 to feel that 
lllere Will alway~ h1 adeq11ate food 111 gror.r y store5. Thnse 
entre~ 'If•' pf!rhap ''tc. rns of m dl.r ~ urat1on o.Jrtng the 'fifl1es 
<tnd 'six:t c~ wl11 r;r<~p SUtPIU!ieS were rump<.mt, l:n., producnon 
sul~1dr!!~ werl' ronm10n, farmers Wt!re p:Jid 1 o ake I and out of 
producuo 111d t1 g" r ! publ'c 'esentmcnt was gflnerdtetl 
ny.1rnq aariculturc's; c:uodLr~'lton succe~>Sr;, 

WHY AGRICUL lURE IN ALASKA? 
The i...init •d Sta teo; l1as becomlt a key food ~upplier to 

n1any nations of 1he world . Ho-...,cver, per ac:re crop ytelds that 
cl mhfld ~teadaly over the pi!~ t sev~ ral dec."Bdcs: aro 11ow begrnntng 
tr) level off. Currcmlv. oonnoric' ltural developments natJonwid~ 
claim ear.h year trorn two o h•Je million rtCJeo of Amc rc<~l's best 
~armlunds; these ;u.res d1sappear ro urban growth, n~;w htyhways, 
and oth=>r cJevHiopmenn. OemographPrs and ot 1~rs project that 
th!! growing wo1lrt pOPIIIation wtll requir'l ilS much adclirional 
food prmtuctio11 in the rrext 25 to 50 veers as o,•,•orlrl hrrmamty 
has carnPti how to orodu01t since calit!-man days, 

W11ere w1ll that ioocl r.ome from? With SlJch lnHucnces as 
de~ert advances, 11rban expans1on. ~:~rowmg water shonages, and 
soil ~Hosior -al of wllich deplete soli~ prorfl1Ciillity-Aia$k<l's 
considerable agriculrLtral potenoal ~hou·d IJe ne1ther gnorP.<I 110r 

thwarted, bLII thoroughly llvruu.- tecl for its pott>nrial to product. 
food and fiber. 

Ala~kan agnculturo: 1;urrently produces less han 10% of 
1 e otal food con$umed in the ···crm Ala~k.a's lang O()(ll Iehne, 
dcpenr1P.o on long ranspo1tilllon roues and prlldllcl•on 10 tar · 
away arens, olaces this stahl'~ ever-l)rowmg ooruh1c.e n a pr~c.m · 
ous position, consider 11g the futun global food outlook and 
, .• the uncenaint-t Alo;~kans would tace If mflit:ary hosliht1es 
savered cod-supply routes. An expanded fl!]ricultural mdus~ 

t r v i11 Alaska can rP.duc•· depend!?ncr. on dis1ant food supolies 
and pro\•ldC1 a more divers1fied oconom c base in the state 

WILOLJFE IN AMERICAN HISTORY 
The er~dy c~apters of thf! history of Eurooean settlement 

in North America read llkP an account of !!:o< p loir.Jtion and deci 
ma1ion of wtldllf~. Before early m•stakPs forced tl1e collective 
comdenoe of the !oat•or to tJk4• stock of Ula$8 e1ror.; and the 
~·alues and llmm of a ur w ldlife, the pnssong~r pigeon was gone 
forov .r. 

As whrt!? sttttiP.rs moved wP.Siward across the contlnt!nt, 
rhe vast w•ld l i~e resources were looked upon as in~xhau~tible 



Uncont oiled marl<et hunting of the A.rnerican bison, thut had 
total e l 40 to 60 million animats, reduced them ton ~re scatte red 
rern11~nb 111 less •ha 50 years (Allen, 19541. Market untlng of 
wh u.t ·1 deer, pronghorn antelop., e.k, 'lasscng~r pt!Jeon, ana 
wateriowl also !1eCI'l1Jted th'lse specu~s n Arn"PC<l mostly 
UUrinQ the lOSt half 01 the twletrcnth C&'1<.Jry. 

Tt>ese abu~es o v dltfe popu atto 1s occurred because o~ 
rnarkr t hu t ng, Ia I d alternattve fopd sourc s fo1 a growing 
hum,n potn .• lc.ll.on, anJ abs:Jnce ol co ~ervatton <>thic .md the 
laws a. I enhrcemer 1 r ecessary to lumt wi'rl'ifc harvests to 
toler tbl .. l e~tels. 

A lisl c f endange ed species nround 1900 would have 
mel dcd thr. snowy egrut, trumpeter swan, whooping cral'i', 
prot ql'lorn arttelopc, "" l wild tu rklly. Conr.H rva ton mcas.Jres 
havol br '1Ught all o these spec•es back trnm ttw brrnk of l'xtonc· 
non to the extent that thousands o f th::! a lte two species arr• 
now saf~: ly harvest~· l rach year 

AGR ICULTURE AND WILDLI FE 
Ear v U•'P ed .. tion~ of An.e •can .... ldl fe occurred a t tl e 

um1 )f. bu t VI y fl w fit ctly I ecause of, :lgrrcul ,u a1 s~ttlem~n 1 
rn tn country. IL ha been amply dcrror~t ated over •he r .. s t 
half c .. n tury thllt much all ance and harmony, ~xists between 
a-~rrcu re and a gr c<T many .,...;ldl"te speci s. 

Over 200 mill c. 1c·es of the U S. have bee set asr o~. 
wrth wr d lif-. pr oductior o e ot the p 1 'Tl<.~ry arms. The• e rnclude 
Wtldlrft! Ref ;qes, National Par '<s, V 1lr1 and Scrn c Rivers, 
National Seashores, nt)ture preserves, wtldPrne~ arnas, <!I'-. How· 
ever, ·n som~ inst anct:s, agricu lura! la'lds of nA Untted S• Hes 
prodt.ce 11nd sustatn more W1ldllfc- tt'an 1h . I or:1 >flr.cr ical y set 
as1d1:1 lor wilrl lif! ml olll~r natu a! v ues. Approxrrnalc1y one· 
hrJif of th1 to tal Ia ul nreu of , ,1:! conte rnmous 4 8 st~tl!s consist~ 
of lrr I n fil mG. Yet thrs one-h 1lt o• the r1at1on's l ... nd, devoted 
by I' owner~ to 1'1' rr trt pur pose of p oduci 11g food <:lnd f ber, 
s.Jccet:r s pcrrpherallv In procll .. crng and ~ustarn· r1q an es rma ed 
80', ,. t hP nation'• wilrllifc (Spencer, 1971). CoLid it be tnat 
agrrctrlt<Jrc a 1d w d rfe are compatible? Shoultln most wrlcfltlr. 
thr 1: l. :st where lands are set f1S1de for vii Jl fe a onF ? 

FOOD FOR WI LDLI FE 
.1any natural l!Cosyste '1S are t-I,H vely. ~r le and suppnr, 

wrlcfl t<> In su rpri~.nql low numbers. T IS rs esp&cial 1 tru .n 
northF n regto s ot tne wold (E kt~s. 1950 • ln.,.. ·uri"! fore~l~. 
and i o t'"'"r typ~ s of .;li rnax, wooay vegPiatro , nutrrr:nts are 
trrc I.." in organ -:: .arms poorly ttvar able as food for wildlife. 
SQencer (1971 ) ernrh .. sizes this poult, st&ti n!J that " .. . the 
unl roken forest, wto"'n: th~ dosed canopy sho~dcs out the 
ground cover, IS alrnmt ~ brolog1cal desert for game" 

A nch, ferttlc 5011 suppo 1.ing o• ly J dense, closHd stanc' or 
·all rrnber offt>rs ltttle fo od 01 humans or domestic anirnals :~nd 
I •t " lo r wildlife, o r the nutrients ere are ed up 1 lar Q"l-v 
in 1tble, ornanic forr1s. A mat re, virg n forest r 1ay · ep•esent 
an Incorporated abundanct> ot nur l!'nts in a •31 stJn I of tlmt..~ 
per.,· t "ng 10 available browse or l ~derstory tor food, ana 
yietd"ng only a modPs anmnl produ~ · on of food rn me fcrms 
of )e(.OS ·n cone~ or nt ts. T'lt.c same orl under agricult ural r ro 
dur • on engages nrrtrrtronal £ em~>nts •n a dvnarnrc flux withtn 
an ··rdy of rapidly qrov• ng, p oouctr e 1:. ops ,ha ure cc. ble am. 
r.an nour rsl , cltrf'C { or l ... drrectly, ho.J:'Tlans, domestic animals, 
~·d \ tltlllf 

It is r ol o~ly the crops l.l ocJuced on 1a ms that can fP>'C1 

wrl<!l fe. MdrW annual weed that inev111uly thnve m and nPar 
agr ir.ultural fie ld '• esr;ectally alo.-,g ftr ,d horclers and in perrp'wr .~1 
area~ such as tcadways ;rnrl lanes, are ex tremely p o(hrct•ve of 

seeds. Tt>ese are <l valu1ble and muclt·used food sourct- rn thP. 
s.;st~r 1nce cha.n or n a1w wtldli1o1 torrns. 

To be economir.1lly v'ahlt, aqricu' re ov ill than at the 
suos·5 e .ce level must b h1gtly procfucti t. ar compel i11e. 
Th·s mears cu nng ern an 'rc. Juett sn tl' r a e e1ther 
naturally very fe rr c or ·" \ ic1 tlefccre 'l nutrrent supplres a 1 

re 'lforce'' by add .. d afllm i"hJr es and/01 :oncentra • cl com· 
merciJI fE rtrl zrrs. It is thrs arti ci .. I ,• managed concentr.a'ioP of 
nutrie •s for producti )fl of crro~ ·hat nrakP.• agr ·,.u··ura' are:ts 
so much rnor pwnuctl\'e of toad, clomestic anima > , and sam~> 
\J•lnlife species t t"lan i~ afforded 1n natural ecosystt "1S . 

The hea~•iest concenlraLton of ne• rng c.uck• ,,, North 
Amenca Is not found 'n the r>ristine parkl .. nds or wr tlarness 
amas, hut coexists wi t \he ~rain·farrniog 11 g on ol N!,•braska 
t e Dakotas, and the Canadian provmMs nf l\ll>at1a, SCI.katclle 
wan. nnd Manitoba. Approximlltely 13 to l !:1 of thl! ducks and 
gl!esll that miorar> sm. th •n North A •w ··~d arioln'lfe 1 1 AlaskJ 
I USDA, 19t 7) anrJ 1 '"' ~Jaterfowl thiil r n ne• t In a ret c ii' d sub­
drc c areas aro most c.oncuntrated tn nver·dt!lta eas ~.l'ttct> co• 
ran t n~ cor-;e aatcd ... ntlllV from he respecttve drainage 
bastn• (AI en, 19541. 

AI en ( 1 954) report~ that, rn the m1dw •tern state • 
nu nHous forms of wilrih fo (rabbits, racco<)ns, m• )Kr .. ts, wtld 
turk•;y, qua II were ore abundant, hllgt•r, heallh t•r, and rl'Ore 
reyr0(1UctiVt! lr a eas Jf fertile a!JriCUJtural Or!:; th, W re SOilS 

. ... !?"e I e tl1e or ~ 1->er ... no iarmmg was pracuce I. A food habrt 
s1 ,dy of 497 H_ngar wn partrulge collect d throttgi"Jut the year 
ir1 N'>rt h Dakota showerl that wheat, oats, and barley from fcrw1 
f1ekls consftur~~ 56')( of the to1al tooc.1 c:onsu...,Pd (Spence·, 
1970). In ldal1o, a sL lv ~ owed that n•lativt? ac~<. r·abbit denst· 
ttes, as mfl uencrrl by Jt. ,omtrdt• d choice of food [JI1nts and 
with col1nts aver lned avP.r Lilt: anti '· year , wen.!. 11 jackrabbi ts 
tor bar f>Y ;>,,cf alfal a, I fm rr .swd .•mentgrass, 4 fo:· potatoes, 
ant O.G fo: mphnted rung. land lfa9('r~tooe et al. . t 9801. These 
ex 1mp es serve ·o illustrate a ooorlv lpprecwt I prl dplc of 
J!] Cllltt...re/wildltfe inwrr lnttoml ips nnd help (lxplain why 
many forms of •r~.r"ldtrfe rrt Amcnc art fT ore abundant now, 
wh n agricultu re str.ttches th • length o OL lantl, than whP.n 
European explorer fir t reached tltl cnr n 111 . 

WILDLIFE HABITAT 

1 ot only is food pro 1uction stimulater ly aqricultural 
dcvc lopme• r, but Mwhabitol ·s crrated, much of ~avorable to 
wii•Hll __ ' "Hab· " is defined 4S " l' e ptacr. ":>r tyf)e ol sr e wh,.re 
i! pant or an1mill ntt.rolly or nonnolly lrv~ and grow,'' (P.forrrs, 
19761 fo>n~-rows, th marorm created bel•\11.en sep .. •~le fi! m 
fields, and •he ·nter ~:~cu betwetm tarm f•t~lc s ,rn1 wood ots r~ 

all Ideal si tes for nesting· nd concaalr11E.nt o~ w ldlt re. 
Biologist Dr. Oona.d 1\. S1>enCJJr lr •s devote 1 WJI-'r 50 years 

to st uJy nq w l111lfe ~no rt. 1t r~ionshtp, J Vilrtou; rwi o me11tal 
anu ~abita· infh ences, InC .JU nu those of cliJOCulture. Of thP 
nr~arly hdlf rt he U"tt d Sta es rP.a thut is listen as " land in 
farms," Dr. Spence• ( 19711 rnlotes. 

Only about a thrrd of rh·s area lS n ... ~.~It 'va'ed I Ius, 
the rema nck rn 1 t! m, nent pastures, n oodt'd an.as n 
pond~ and aqunu· nal: tal, <nd Iones and '•r'lhtcads. To 
tl e exter· that rh uttfering plant commurw -.~ occu i 1 

association wttn o e -:mother, cilvcrsit 1 ' ' arh ved t1dl 
does r"u"h to _nh. r CP qam,. ;md wtldltfe ahur ,Jancc. 

The forester! areas on tatmlands- 145m lliu11 aces-are 
of partrcula r rJ11If1cnncc or wild ltlo in that tney are char 
acte ~stic.al y Sl"rlall blorks i orspc rwd wrrh open areas of 
croplands ano pastu t ' · W ldl ft 1s tilL prorfur:t ot the 
fnrest murgin-110t tho closect cano~1y w thin where httle 
food Jlld groum cover exrst. 
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Duling the ftrsl i al r o I this century, mtJch aquatic wi lulife 
hahitat was eliminated where SW<IMPS and 1narshlands were 
dra 11ea in ordur to dev~t·op far miands. This pr, ct ice arousea. 
much nnnpa hy and adverse pubiicity has le<l to l~gislation pro 
·~ctrntl we11a'1d3. Howe..,er, a much l lSS puldu;rLed but impor 

tant counUWlCIIYI' COl trilll hon of agdcultural rH!v!l oprn~>nl in 
thr ~011 tel n'IHlOI.J:> 48 ~ta tes thm has enh.1nced wlldhfe is the arn· 
fit:ia nrovrsion of wat1 r rnrough lrrigat1on, i Mpoundmar~ts, anrl 
tof:' ... tn.ctJOn of htm ponds. There are now ov• r two rn ill ;on 
torM ponds n 1'1~ U.S., and samr 50,000 <Ue added each ye<Jr . 
Many farm practlc• s encour~gi!fl by the S01l Conservateon ServlcP 
are sprcafically oesi!jned to Foster wild lte halNat , ~or exampll!, 
constructing a small island In ta rm ronus e• hances the r va u~ 
fOI nef.ti '9 ot Canada geese and ducks. The U.S. Department o1 
Agr l:!Jiture has assi5tcrl in 'he construction or 2GO,OOO ponds in 
North and South Q.,kotrt, Mortana, and Western Minnesota, and 
due r.ouots rnere reveal an averagl! o+ two hre~drn !J pairs por 
~u1fac!' acrP of W dtPr. Accord ng ro ri"J a co mplied by the U.S. 
Ftsh anti Wilrllife Servrce, tht numbPr of I reeding ducks per 
sqLrar~ m le i$ subs.tanllillly gr~ater In North and So uth Dakota 
thdl1 in the Yukon F'at s of Alask ... (U.S. Dept. ln., 1964 ) It 
could be assumed from these dam t lilt aytkulural developml!nt 
on well-drained sods ol Ihe Yrrkon Flat. could resulln increased 
duck production . 

A further consioeration on agriculture al"d wildlife habitat 
l11•10!ve~ a relatrvely recellt trend, to~ter ed by lar!}er equipment 
and larger trt>lds, ll"lut rend~ ·o operate to tne detnment ')f wild­
fife. A ltm (1 954) notes lhat large-scale, intensive <Jgricultural 
d.:11 I<JPI"f''llnt th,,t catl'pletdy occupres. he lanrl leaves little «rea 
for W1ldli re " .. . when high agrlcultu1 al vlllue means lay nQ ban• 
I he lane fron1 o!'le road to anct 1er fo oro<hh.tion of wl t1vated 
crops .. . there may be prac really no plar.e a all for wi dli fe in 
the land·use P.co11omy." 

The tnmd to larger fie lds, thus fewer fence· row~. more 
int•msivf agriculture durirg recent decades in many o f the vast 
farmirg areas, espflciolly in the mi<Jwestem states and the Can1· 
dian prillri(l!;, har. allfllinilted ;orne wildl ife habitat and lowered 
ropul,1tions of several w•ldhte species thnt forrner 'y henei ited 
from c:lase coex;~ren~e wath 'andllrr aqric tJI u ral areas. This 
t tnm 10\'llUd more IN• rtstve agriculot~ a"'HJ ~harply lncrnased 
yields on thf! mo~t prod Jctive soil> rnmJe possible by t~>c l rnologi· 
cal 1d11ances, has. however, permitted a market red~ction 1n 

cronh=mtl soil, required ln the U.S., ttus reiMs•ng land fa r other 
uses {Bi:lrrons, 1971). T he: potenral for future i ncreas~ m per 
acr6 yields pr ohalJiy cannot match those of the mos1 recen t hdlf 
cenrurv, however, and future need~> for food production In· 

crease< likely w ill requ ·re mare agricultural lands, such as Alaska 
carr provide. 

Ala~ka doe~ not possess l>road, extensive areas conducive 
to .tCJnculturo.tl development as in the Gnnt Plain~; a reas in this 
state tlral do offer pore,rwl tor agricultu ral deve!opmPn t are 
re1atr~~ly I mitt>d in '!X tent and are almost invanallly interrupted 
Llv WPtlands, rough terrain, and str~tat n~ That will undoubredly 
renr<~fn a~ wildlife hobitat and cov~;r . Moreover, thl! total 
20,000,000 acres of Alaskan soi ls identified as suitable for agri· 
<:~J i lural productio exists es several separate are'ls an w idely 
scattered locaiJ[ics wirnin tie state {Freeman et al., 1974). 

No single habi tilt type is suitabie fo r more th an a lew 
species of wildlife; fo1 thas 1eason a w rda variety of habitat types 
i~ de:mablr. tor max-murn wild 1te diversrty and nt mbers. Man­
a!}Cmt•r t fo r nptrmum wrldlffe populataons recoqni tes that omer 
factors beyond 1ood availability and hnb ·at abtmdance hmit rhe 
numbers o t a w~lcili'e spedes hnt will ocnrpy d gilten land area. 
The phenomr.non c<JIIP.fi "territonahsm" (Allen, 1954) rapt e­
sents a social intolerance wiUlin mai'IV species , the effect of 
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which 1s a " self·l mposerf.'' Iipper lirmt 011 the number d lndtvi­
tluals o r paars that w ill occupy a gavr.n land area. 

HUMANITY/WILDLIFE CONFLICTS IN GENERAL 
Agricul ture is no the sole I1Liman aCtillity that leads to 

incompatihilities with w ldliic ; rather, altnoA a I human oct lva 
taes confl ict with cl!rtoin wile' species such as the grizzly tJear, 
timber wolt, and roounl<tln lion Dahlberg and G;;ett nger ( · 956) 
rccot(J t htl demise and disappearance w th white settlement in 
Wi!.Consm of such forr 1er native Wildlife spt!ca•Js as 1he cougar, 
lynx, mnrten , fish~r. wal11erine, elk, moose. Cilr bou, buffalo 
and wid tur ev. Effective early n'lll$ on hur. ng, trapping, and 
•n somP. cases, h aJJi tat dcstr uc ion would i>' obably hav" perpetu­
atl!(1 there many of the spr.cies. hsted. 

Certamlv ;, numher of eonfllc!.S cxrs1 bt!twer.r. agr iculture 
and wildlife in a(ldit•on to those lnvolv nglat qe ~redator~ . So~-;; 

confl icts common in the 4B conmrminou.; states Include prnlne 
dogs V$ . liveSTock; foxes, weasels, gnd skunks vs. poultry eagle~ 

and coyotes vs. sheep; rabbitS. rnice, and grous~ vs_ frutl 
orchilrds; wild duck flocks \IS . smal grain farmmg ! Bur on, 
1978); <!nd some ins•.aJ ce~ o r:ornpetrtlon for forage between 
domestic livnstock and mu a deer, bighorn shellp, anrl pronghorn 
antelope. 

AGRICULTURE AND WILDLIFE IN ALASKA 
Conflicts 

Although A laskan 11f!rJCulture Is litl11ted in scale, so mr. 
confl icts do exi.t betw!!c-n <lflriculture and wtldlile. Howewr, 
these are not ot greal exlent, and efforts are being mrtdP. to 
mintmizf' such occurrences. 

Perh aps the oldr.st COil nliOLIS r:onflr~t between aQricul 
ture and waldlifL. in Ali!Sk is found on Kodiak Island, wher~ 
some hvestor:k <; lost or fniuted each yeat 10 prPrfat 011 by the 
brown bears or the island. Tha bP..lfS are incliqenous to the ishmd, 
and so me livestock has beer1 rc.ised on the northeast pnrr on of 
Kodiak Siner fi rst introdUCTions or cattle by the RU$SittnS during 
rho eighteenU1 cerrlu ry , and thi~ problem will probably continue. 
The present ranqe of the b@ars tnchrd&$ most of 1he island and 
tl"is w ill remain their invtol1ttl provmo:.e. Conflicts Jnse when the 
bears move into the ran!ll? areas aod ltvertock becnn'e therr prey. 

ShP-P.p ranr.hers on 'ilard, n southwest Alaska are free oL 
IBrgo predators srJch as wolves aml llaars. HowPver, lhey rcpo r1 
frequent injury or deatr of lambs In the i ~ flomest ~sheep fl ocks 
f rom smaller predators durmg the c ' ical period when lambs am 
immobi le and defenseless immediately followrng b rth Ravens 
sometim es blind l<Jmbs by pecking oLrt their eyes, and ea!Jies and 
foxes otrr.n I< ill lambs. One rancher reports some relief tor lambs 
by provldtng predators wtth altert~Ofllle lootJ sources at lambing 
t imP-, thereby luring the pracla~"Jrs away and soar•ng tho hrlple$li 
lami)S unbl Jley become ambulatory and less susceptible to 
harm. 

Another agriculture-wilcl lik conflict involves the fre~ 
roaming b ison herd or 00-600 animals i-- the De t1l CIP.arwatea 
area . 1 wenty-th ree American bison were lntroducl'!c! In this araa 
from Mo11tana about 50 years ago. AgrfCilllural development 
started in the same area two to mree decades ago, and the e has 
beP.n c ro p (jamage by bison in some of 'he grain ·ields. More 
recon tly, considerably expanded land clearing and grain farm ing 
h as been un dertaken 111 1he Del[a·Ciearwater area. Both Depart· 
ment of Fish and Garnc pe~onm~l and farmers .Jre try ing lO 
devi~e m ethods to rec u -e ru lure btson incur~1om clfld damage in 
farm fields. 



Figure 1: Pintail ducks take wing from a fie ld of small -grain 
stubble in the M;~tanU$ka Valley where the birds have been 
feeding. 

Compacibil iu es 

Havm~ tLl ket'l 1ote o r ccrtatn agriculture/wdd.li1tl contltcts 
in Alaska, ir must lJe sta ted rh.n tnete ,uP. numerm.s ex;m1ples of 
compattbal ity as well as ~nhancemen t of wildlafe contr buted by 
Atil:.kan agpcul tlt!'P. 

Waterfowl 

The e;;rly sprinl] migration ot r w:ks and geese through 
soutllce .. tral Alaska to .leSHIIIJ a reas n the more western and 
m>r 1err por~ ons c f 1he state reveal an nterest ing aff inity of 
L1e mtgrcnory wa•erfowl fo r agricu ltural lands (Fil)lrres 1, 2, and 
3) . Flocks often stop fo a few days o f feeding il" fa rm fields o 
the Matanuska attd Tanana Valieys •o !!lean gra111 It It In he 
~tubbte from t he previous growing season. Wea;hcr coodit!ons 
beiorr. o r at gra·n hnrvest t ime ollPr cause some gn11' heam to 
snap ::~fi and fall to I ~ qround, and so e head, of lod(Jed plants 
also escape h;:uvest t o re-rnain m the held~ . Most o· me feedmg 
in AI ~k(ln farn Uelds occu rs du tn!J ~ !~ irwvard mtgrRtlon rn 
spr1 g. The llirds' r>ltum sou I n autumn occu~ arte t most of 
rhe m lin is harvested esu ting in ltttle or no c op loss. 

Winter sr ow malts earlier in sprlnq from anricul tu ra l fi elds 
tha, fr om netghborinq, wild vege t1:1t ior, prov1di,g a place for 
rest uml food to r the m ignlli )9 waterfowl as hey pass th rough 
settled areas toward their nest ing grounds. lr, late spring, the 
miq ~ lior1 is often 11eld back as birds wait in areas li ke Matanusk& 
Val ey fields and coastal tideflats before continu ing north and 
westw:~rd to nes•ing areas. Increased agncul ture in the Fni rba.1 ks 
and Big Delca areas of rnterlr>r . .!\ Iaska has •nereased the sprmg 
rest1n9 and heding areas for the hirru t ere ai~1J. 

A specific ex<~mple ltoiit dqMomtrales ilg! iculture/watc -
lowl compatibili ty involves fidos of :1 several-hundred-acre for­
mer d<ltry farm JU t '1Qrth o the c ity of Fairbanks. For many 
ye 5 , Fairbanks res dent> enioyec seHng large flocks of migrat· 
HliJ 1ucks, geese, o:md cr11ri es I the f.u m u elds each spring. 
Wt t!n the farm Wils o be so ld for mal ~s lnte development, a 
loc11 (lroup 01 ganazed to encourage I he purchase of the op~n 
fie .J ... rea by the .Alaska Department of Fisn flnd Game tor thr. 
.;;o tanued use by waterfowL HoweVl'' · 1ollowin!) the purc:hast'! 
<he fi~ l ds wer·e nol pl~nted to crops as had b· 1.!1"1 c ooe wnen th'! 
lanJ was actively farmed (Johnson, 1978). A~ a r r.~ult , the ~eSI'! 

and ducks d id no t ~top 1hete tht:! nex t year, bu• we'lt instead t1 

few mi les a way lr Other far Jl ri ld tha t I ad I.Jeen plantP.CJ to 
sn1al grains thr. yea r btdore, anc whllll the watertowl could finrl 
ie f o11or grai11. Wh••n a grain c-rop 1.vas planted rhe nex t year on 

FIEJIHe 2: Geese Jtop in an Alaskan stubble field in spring to 
glean grain missed during prAvious summer's harvest. 

t e t arm helrls that had been purr.hased ' or waterfowl USfl , the 
9f!e~n and ducks then e1umed to tho~e lield!> In great ti.JmtY'IS 

the rollowing year. 
WildlifP. , II call otter livinQcreotures, reQuire< an adequate 

food supply. Thi•~y prefer, a nd •I r·vA he~t in, areas iP which food 
is ab1mdan tly avai labiP. . Not i'lfrequer y, rh•s 15 where agric!ll· 
ture is practiced 

Crana~ 

Early settiNs in L~e Smt1n<l R•vor Va ley N.J porr that the 
tosser sandhtll ( 1ttle brown) uane !Figure 4) w IS Lmknowr m 
tnar area when the v .. tlcy wQs coverer! bv u1 brok"n forest 
(Saunde s, 1979 1. Since ~ adv~n o' lanrl c eotlng "~no aqricw-
tural developm111t thr: howev~r !locks o f t 1ese rnigntorv 
cranes, that winter In " w Mcxi~:o am. west 1 oxa5, are commuli· 
ly see11 In grain flelo lhr iJllghoL, t he surnmar. The-, now fre­
quently vi~i t mQst cropland nre 1S of southcsn lrhl and inte rior 
Ala.ka. 

Matanuska-Susitna Val ley Moose 

Chatel Jtn ( 1951) reports ~<lt whtlo a ~Jreat rna y species 
of food plimts are uenNally :watlable during tlw summer, the 
avallabillty of b rowse, pr ncipal ly willow, determines whethrr 
moose can survive th€ winter and wh .. t •he carryin1 capac y o• 
a wintor range will be. l-ie r• ·)orted that w·nter c~rial sw-...ay-s in 
undi st<.~ rbed fort stc\1 areas of th• S~ts1tr a VOJIIey shoV~~ed averilgP 
moose populatio11 den~• 1 1s nt 0.61 per S'l ntl milt . I ) o ti1Pr 
areos whur" rhr Ytrgin ore~ r • ovr.r tad IJI'e n d•s Jlt.md )y natu , I 
o r unnaiL tal causes let anues i11 r•~c• ct.annels l.eavet act•Vtly, 
f1 res) ncn~ased food 3V rl.:.blltv r~J~ult~tJ In moose nopui.JtHJn~ 
ranqing from 5.2 10 51.5 po•r ··'lUaJe milt! . He_,, te5. 

The I • .Hgest am. mos1 Important of tl c noos•~ wintor 
anges lie~ <td iacf" t to the A Iasko A ;tilt o<trl bnrween the 

towns of P'llmm and Tal eetna Here, ftr's 0ccu red during 
he rat h oar conrtr" hm a J aftilrw;;. d, destroy IHJ n1Uch 

ol the or olnal for~.q A qreat <JJT a unt of s~-.;;onc q owth 
willow and other 1ood phrnt.:; ~!Ill' in ;:nct created .an 
excel lent r-lC)o~r wti""Pr rnnge. 

Whan the ri1 sr whte 5ettler ~ arr vecl, Ala~!< a's Matanuska 
Valley was cov•? rel. l>V clens" UlrrJl-~prtlCfl cottonwt>orl fo rest. 
Moose were vlrlu<~l 1y no,...~x islelll here when the mature, unhro· 
ken, d ,rnax forP~t prov~clP.d I ttle m the \JaV of desirab le h <Jhiiat, 
cspeci <~lly lu ows.c for rooti (Chatelain. 1951. Elkins, 1950). 

T'le tu1 al fa ming act ivities of the 1930 and 1940s, ' n h 
the clearing, wood r-utting dtlU range-mana[tl•rnonr actrvi .es, 
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Figure 3: Ear ly spring flight of swans over Matanuska farm fiald~-
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Figure 4: Little brown (sandbtll ) cranes nesl durtng summer 
neat farming areas and often soak food in farm fields 

caused m oose browse to fl ourl~h in the periphery of man's ac tiv­
i ie!;. ~Jioose numbers expanded so much tha' !]arne t:ounts of 
the Palmer area in 1967 {AD""&G, 1972) were higherthan ever 
previously recorrlerl . (See F. gure 5). 

I• is informati•.re that about 60,250 moose we re killed in 
1976 in Sweden (Natw nal Board of Forestry, 1977), a subarctic 
country one-th rd as large a~ Alaska, bu t wher<:l agricul ture and 
torertry a re reliltiveJy 11uc-h more ex t.ensrve than in Alaska; rn 
Alaskd ·he moose n:~rVI!St ror !he same year was on ly about 
4500 (ADF&G, 1980). 

Midwait Whitetail Deer 
Increased moose p opulat ions in he Matanuska Valley, as 

a result of agricultutally inclucetl I dbitat al teratlons am not 
unique; t hey foll ow somewhat the population trends of n e 
wh htt"il deer in the northern part of the midwe&t states. That 
Sfll'Ctt:S, rne m ost widespread btg·gam~ animal ·n the U.S., is also 
mur.h Influenced by h1bita r.hange and rela tive food abundance 
(OahlbNg and Gue tinge r, 1956; Tay m , 1969; Trei~then, 1970). 

In tho fe te n t~t!lP.enth and early twentieth con1U ries, major 
logg g effort$ removed t he great matufe forest s ac ross northern 
Michigan, Wiscons in, and Minnesota. Prior to the logging, wh.te­
tail dt!er had heen sr'arce tn the mature, heavily shaded forests. 
With opening of the forests, followed by t he subsequent genera­
lion of new, lower-growing browse. the deer populations grew 
drnmatically. 

With creation of 'arge national fo rests, ri\Jid control of 
fire.>, and conseque.nr re turn of t<~ ll , heavily canopied forest s, 
browse plants have become more scarce and dec• poplllations in 
-:evttr11l areas have declined. Ateas repeated ly cut for pulp wood 
and areas wlll're f<~ rrnsteads provide both food and a hreak in 
the untfo rm forest cover retain better dnP.r numbers. 

A few hundr•d rn•les to the south, other habitat changes, 
more drwctly a ffecled !lv agriculture, also have had a dramatiC 
ln,pa~:! on the whi etail deer and Olhl!r wildlife . Before the 
arriva of whtte settlers i1r1 t he 1nrlula ting area that is now sou l 1-

ern Wisconsin and Mir111 esota and northern Iowa and Ill inois, 
much of the area was composed of open p rairie grassland and 
savanna. It had been kept in that state by great sweeps of perio­
d c fires effectively preve nting forest cover on the land. With 
settlemer~ t and agriCL ltural use of the relat voly level areas, the 
grea fqes were stopped and unfarmablc steep slopes formeny 
cove1Pd with prai rfr. grasses now support dense forest cover of 
oak. h•ckory and red cedar. 

f his patchwork of dense woodlands, al ternati g with fa rm 
fields, 1ow presents an array of d tversifled tlabitaJ wh ich sup-

Figure 5 : Two moose are photographed on an Alaskan farm as 
they forage fo r food. 

ports increased wildlife numbers. Whitetail deer, raccoon . ring­
neck pheasant, ruff!Kl grouse, opossum, HunQarlan partrid~ . 
and many other species formerly .nknown, or prt!sent in low 
r urni.Je rs, are now p lentiful in he area. Cropland food available 
to wildl ife in fields adjecent to the unfarmed woocllots and 
marshlands p rovide an • ea supponrng ~uch an nbundrnc~ and 
dtversitv of wlld llt., ha• nvrnllf ts mlt$t be kept in ch~ck through 
annual harvests IJy hunter~ anc:J raopers. 

Agnculturc favors many form5 of w•ldllfo but th!.' rsvoN;e 
is true, also. Fo r examplr., such w kllite a~ hawks, owl~ . fr>xe$, 
coyotes. and l.JOh.;ats preytr g on d~:stru" tve rodenL that damage 
crops Is an l11stance of wlldllfa's contnbuunq dimct beneftts !l") 

agricu lture. Moreover, many hirds ronsurne Insects harmful to 
crops and I ivestock. 

WILD LI~'= E IN BALANCE 
In natural ecosystems, such as wilderness. areas, p redator 

and prey usually namtaln an ef1ect ve balance. but with r uc..U..a­
tions common in boll' types of populations. With suppression 
of many natural preddtors ~~ rough human activ· ties, wildlife 
populatrons must be monitored and kept ·n balarcr witll t heir 
to od supplies and other ltm lrng factors oi rhP r P wrronmen1, 
and to prcvont nxcesswo crop damage. Tim ~~ most effectlllely 
achioved through 'larV"!ot .,r surplu"5 anamab and b.rd$ bv tunttng. 

rtunting, both for rf'crealion and for 1.h"' meaL provtdeo by 
game birds and animttls is much 1n demand m Amnnca. Fo 
example , rrom '1 to 16 m'llion ducks are harvcstr. cJ for tooo 
annually ·n t"le U.S. !USDA, 1977), Jtnd Inn single yP.ar it W!!S 
estimated that 54,000,000 pound~ of dres!;e<l meat. prmcipally 
deer, was harvested from American forests {Taylor, 1969). The 
recreat ional vall•es and lom.l SUIJf'!lres afforded by wild-game har 
vest dlso benefits the w ldli•e rtself Left to multiply un~hecked 
w lolr te populat ions can r rridly out~! retch food strpplles, result­
Ing I weakened, starvinG animals and wildly fluctuatinq popLtla· 
tw ns. 

The rccen· just1iiP.d hill on at ccnc.Jr n for l ce.rtatr fi!W 

th reatened and endang~r!!rl 5pec ies resul tng in much·oubllcaed 
cases should no t obscure the much broader, but less·puhl ici?ed, 
general st atus of wild ife In Nnrth Arner ca ; current popolations 
an<i the outlook fo r a great many wlldlif!! spP.cies ir1 No rti' 
Americ<~ <~re bett~r now than at any time duri~ 111 · U!nlury. To 
illustrate , the surplus numbers of a few of the wildl"k species 
that must be harvestRd amwallv in o rder to ke.ep remain ing 
numbcr5 healt hy and in 1<1lance With food supply iJrH• hilh!Un 
incrr.asocl du ring lhe 20-y~Ja r penOt , 1948-1968. TheStJ include 
wh1teta l dee r. mula derr, t!l-<:, cror111horn antelope, flshnr, blac~-
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ta I deer, bl<lc k bear , iJ!'Ccnry , v1ild boar, fox, nutria, raccoon , 
moo~e. mountdin ooat, 1nd IHghorn ~hC'ep-thll firs t t ive by a 
;actor of 2 or marL, the last tilrf!e by a facto r o l 10 o more 
IU.S Deot. Int., 19701 . 

Excessive wi rlltf, mroat..s in to croplands can also be co n­
tro!l~>d uy th~ provi~ion of "tun~ t-rous." The pothole regions 
encompassing the pra rle provinces o~ Can at.ia, the Dakotas, 
Monlar>a, anc:l Mmnesota reprc~cnts the larqest a nd most produc-
li~·e l1reeding ground fot ducks n North America. However, ;tis 
also one of the wo r1d 's greatest sma11--yrain produci r !l art;OIS. 
Occasionally, ex tremes such as wet ~ield conditlom slow grain 
han.'ost, al lowing fall tcorl ing ducks lo r::ansurn e mil lions of do l­
l:~rs worth af gra1n. Provis ion ot I <H'~!! grain acreages as lure 
crop!>, mtenm:d fm duck feerling, and cornpensa,lon payments 
to It d-hit fa1 mers, dre berng m.ed t.here with SC"me ,uccess to 
off<;j l1hP.se foss~?!; IBunon, 1978). 

SUMMARY 

The foregoing discussio presents some viewpoints on 
agriculture/wi ldl ift: interrelationships often oYerlooked in deli-
berQtions on land-usa planning for Al~ka. Inasmuch a~ whole 
volumes <11 e compiled on w ildlife, its habitat and food consider­
ations and the lnterre lationslliiJs ol wildhfe and var iolls hlJman 
u~es of la11d, this r bctlS$i on is nrccssa(•lv less than comprehen­
sive lr cope ~nd dep · ' 

Agm:ulturP. IS not on y compatiole with a great many wild­
!ife ;pe.cies, tt ctea1 IV enhances <he ex istenct! n f many iorm:; of 
wilt.ll1fe. Wild lfe rrust nnve food-and one of aqricviLUre', primP. 
objet~tiv es is thto- production of t ood. And, co incident w1th agri-

culrum'& mam ob1ecti~·!! 01 food prorlucrlon h th1 Inadvertent or 
planned rrernion of hablr.H bcnl'flf' al to WihllifP. 

An~ agrlcul1ure ,md wii(JII re compari!Jic In Alaska? Because 
1h:c t errn "wild life" P.ncompa~ses st rnnny specL~s. there I~ no 
clea r 'yes' or 'no' answe1 . Some wi dl1fe specie5 are death{ 
incompati b le wit, a!l' icu~ '- re. nowfwer, on'v ... small portion of 
Alaslo.a's total area posses:~es soils and <:lima ·c condi ions suit· 
able for croplanrJ farming and ranchin!J. Alaska t:urrentlv pro· 
duces less than 10% of rhr food required to fe~d itsel~ anrl the 
rema nder m us be irr ~rted from Othe r nreas over lengthy 
transpo1 tat ! on routes ar 1nC"reasing ·ransport cost~. The cnt1c Jl 
Im port ance of a9rlculturall v prodUCHd looo 10 lh·~ futU•I'! well 
ileing <lf an 1ncmasln9 hum<ln population her!J' am.l worldWI<1P. 
st)~st s t hc~t m<~\l of 1 hll roughly o% of Alaska'> area t hd t is 
suited to ognculuae ;houhl be l i!$r vod tor th:n puTpos!l . Th1s 
wil l leave the va~t ma1ority of AlitSkll's lrr 11clsc:ape lot other lund 
uses, including porks, ml'lera .extract1or1 , w'ldt.rness, indu!>tty, 
forestry, communifes, etc. VV'Iderness wildlife wil l have abun­
dant areas w itnm which to exist apart trom agricultural lands. 
Moreover, many form~ ot '1onwilderness wildlife will not only 
be compatible w•th and coP~is with .. gnculture, but many 
spec1es will he enl1ance(l n he<tl lh <~nd numbr>t .. by the existence 
at illJricul ture 111 Ala<Jka_ 

Without h •althv a~rir::ulturc, ~ransportatlon, manufaClUi· 
lng, r> rocessing and ot.ht!i lndLJsltles that providl! 10hs, wxe~ . and 
othet unrtP.rptnn•rg~ to propnl an ~ono"11.ally l1ealthy Mtra11 
and society, therP can be no pub! c funds to bfl USA1d for wilder­
ness preservation and wildl"fe pro•eflion, mana!lt!ment and cm­
serv1t1on. Human economic well-beinn and viable p 11 hllc oro· 
grams for wildlife are lnextric;Jhly 111 ked.O 
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A Simple Structure 

for 

Plant Environment Enhancem ent 

b y 

Lee A llen· 

Many yarrlen crops, popularly gliJWn in wc rmer c limates, 
arc rnarginal u nder Alaska's c limatic cond it ions. T he most popu­
lar ·var m-clima te varre t ies of swee t cor tomatoes, cucumbers, 
squash, and peppers usually fail In Alflskan outdoor gardens 
brcause of the cool en vironme nt. Clear plastic mulches have 
COfl' ~ into w idesp read garden use in A laska for producin!~ sweet 

• A grrcultu ral E ngineer, Agr icultural Resear.:h Center , Palme r. 

corn a11 d squash. Fo r othf!t c rops, an adtiilionDI level of erwiron 
mental enhllncemcnt [s needed. 

f he s rmple protective structure- tlesn ibt!d here h as be on 
benefic ial to crops that IE:!SfJOnd to $i9'li •Qlfltlv lncroJsed arr 
tempera tures a nt..l a rnodast i ncrea~ sorl temperature . This 
pro tective structu re, a pl;;strc·covcred caga, tras improved the 
sunoival and cs tah lrshme-nt o trans pi ~,..rs an'l has r~sullod ir 
toster growm thro uyt·out the season r.ttrc: benCI prodrJctmn . Our 
wo k w as conf ,e<J lo tnnsplant protecrior , but we hel eve thAt 
some lumHfits would accrue tl - s~eded or pt.:rermial plar ts. 
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THE PROTECTIVE STRUCTURES 
Cages werr. con~tr cted from 6x6 i'lch 6- and 9-gauge 

relntorctn\'l m~sh . Tho! bonom 1 itHl ,,. nn off leaving prolrudi• g 
Wl r£: {?nels to I)U ~h into lhr. g ~I.JIIcl to hold th~ ca{lt> i1 ~Jiace. 

Cyllr1der ~ 6 and 14 !;QUa res i: . c rrc urn'erc-ncc ( 11- 'lncl 26-im .. h 
diameters) i:lnd about 24 inches h igh havo.. be-en us~d . A rectang 

Figure 1 : A $hee t ot plastic is wrapped around a w elded w ire 
mesh ca~ . The sh.eet can be held taut by wrapping ih end 
around a stick secured with strings. 

Figurn 2: For sensitive crops, plastic mulches or double cages 
can be used for additional protection. 

24 January /1981 :l.l{robureali~ 

ular p iece of plaStlc film is helci 111 pact.' dround rhl' wnr cyl11· 
c!er by w rapp1ng Its ~:nds around a strck socur~d wl lll a stnnq. 
The w ire cages ar ( I plostic cover~ can be r 1acie up well ahead o 
transp lanting time 

There does ot appear to bo any visilJie cJifferencc In earl y 
plant PBrformance due to cage- s i7P., but tomato piDnts filled the 
sm 1l .:r cages by mrdseaso , Thts ~;aused restrictocl ail ci,culation 
ilncl mo sture co l l1~ctcd or the leaves. At th ~ grow h stage the 
plast!c cover was rnmo~'f:'t. and a larg' r C<l[Jt! ar ded One to~t used 
both large and srr all cage~. wrth h~ plestlc film r •rnovad from 
ti-le i11 ner cage when the tneTPd.5Ed follagn rPH.IiCtt-d air mo'l/n-­
m&nt_ 

IMPROVED PLANT ENVIRONMENT 
The film enclosu re reducns oir currents. cutt' ng down 011 

moistu re loss from thP pl'lnl and soil. Th is reduce-s stress and 
a ids plan t growth, especially in the first few days or wee ks after 
transp lan ting. 

Htgher d ay1ime a1r temperatures occur rnstdl} the 1-1rotec· 
t1ve struc. tu re bu the stJ ucmr~ do not offe r frost rrotectwn at 
nrgh t . Reduced cvaporatto 1 ol soli moisture n~su ts in slig,h t ly 
warme r soil tempera tu re and l esset1~ th coolin!] oah•:ct of ram or 
irrigation water. 

T he p rotcc:-ion or ttw plant from direc t physica l clar-tage 
by wind can be a s ignifican~ fiiCtor for , Jtr dy locatiOn!;. The 

Figure 3 : When a tomato plant grows tc fill a cage, a larger cage 
can be substituted for bener a1r circutaticn. 



cages can be -;ecurely anchored t o the grounrt by J shap"'d wire~ 
wtth 11e curve h ooked ovar tht bottom ring of the c agr . 

TESTING THE CAGES 
r o matoer. cucumbers, and peppers we ~ grown v 1 tr and 

without ::>l astic·covered cages a Paliner In 1977, 1978. and 
1979. Fru r rroduccd were counTec. and ~Jeiqhec. . T omato 
re~ults re porte .. l hll e IHC representa iv~ of the response that 
occutred w ·th other crops. 

lt1 19 77, 1he c&ges werJ used w1th larg fruited Delicious 
amJ Fa ntasric tomatoes that are normDJiy grown in greenhou5es. 
The s.umrner of 1917 was LJnus.uallv warm, and these condttlons 
contributed to very good yie lds o r gree11 fn ll, a'leraging OVI:! r 8 
pounds per plant wetl or Wtthout cages. Dnhcioos prod t.ce(] 
more green frutt w th cages whtlo Fantastic prodUcP.d slightly 
IMs. FantastiC produced some 11pe I 1J1 with cage5, bl.l Deliciou~ 
(lh 10t produce rtJJe ru1t by the Septemher 19 harvest date. 

The FJ78 omato tria. tnCILJr!erl three lnrge-ir ullt:d green­
house varieties and lhl!!~< smaller-fruited var ieties rccom mended 
for outdoor U sf. rn !lorthern ar~as . Th.: gt·eenhouse varieties were 
Fantastic, De li ciou;, :md Sonata. Olltdoor vartctlt)S were Early 
Ta~tanil, Manitoba, and Subarctic 25. Fo r every variety, the 
olastic-covered cagr:5 were effectivB in p tod ucing more ripe fruit 
and more total •run 

Figure 4 : With pl~tstic remove~ fl'om the mner c.age, the plant 
rnquires no stake to hold the fo liage and fruIt off the ground . 

Figure 5 : Vtgorous growth may be obtarned even without plas­
tic mulches so 1hat tomatoes may eventually fill e ven 26" diol· 
meter cages. 

Table 1 Tot!ll yield of green and ripe tomatoes, 
pound& per plant 

lariJa· frul led llflr~ 
Stngle- Daub a-

Yaar Unprot..,ct a C<Jut ~ge cage 
1977 ----~----~~~--~-8~.7----~--

1978 u.9 3 1 0.9 
1979 0.9 1.0 2.1 0.6 1,3 

The three ou tdoot vauotie-s gmwn in 1978 a~er<~!leti 3 1 
p ou11ds total fruil per plant wt>oan protocmd by the cag5 hut 
only 0.9 pounds per plrmt. wlmout cages . R ip•: luut yu:lds aver· 
ageo 1.2 pounds per plan wilh raq;.:s and only 0 4 pounds r.H:lr 
plant without. The greenhouse varillti~s prorluct:d a1mo-~t no 
fru t wethout rnotcct on and averaged only 0.9 poutHis toni 
fruit per plant even wtth cages. 

In 1979 a system of addi tio al Protection consisting of 
thf! 11-inch dtame'l!r cage inside the 26 inch diameter cago was 
compared to s nnle l'lrg~; cages or no protection at all. When the 
tomato plants i 1 douh!e r.ages grew too larl!P. tor the a\•allab e 
growing space, the inne1 plastic was removed le.nving the cage to 
support the plant and fruit . nte Ul STS compared Earll( Tanana to 
throe large-trultPd !]reenhouse varletir.s, Fantastic. Dellctous, and 
Early Gtrl. 

Early Tanana ~l oduceri 0.9, 2 .0, and 2 .7 pound~ per plant 
of mo~tlv grean rr .Jit <>l tllH no proto!rt on, sir gl., caw. and 
doL1bh.:-ca~ lt>v ! Is of .r'IVI rDI"',.,ental enhancement, resl*-r. tivt!y, 
us:ed an 1979, whitt: l e tarqe frultt>d 'lnriotills avf' age!l 0.5, 0.6. 
and 1 .3 pou nd~ of green fru it per JJiat1l, respectively. 

E:ar ly G itl produced i"ltgher ytelds and more tomatoes thun 
either Fantastic or Dt>licioos. Early Giri produced nearly as 
many fruit as farly To: 1ana , a!Hi since rht~ fruit were lar11er thr. 
yiP.Icls we rfl &imi lar. Wh1le this new \•ariety was ·ncludecl in the 
t est on I y one y ear , 1t appears tha~ E11dy Gu I has ~omr. o f the 
colo we oTher wlorance exh1bt tad by Early Tanana, ami minht he 
a gooo large frutted V<~rlillV tor l'nmu Qdfdl•oers ro U5u on a rrial 
basis. 

GENERAL OBSERVATIONS 
The S\.mmt~r of 1977 was warrr urj sunny I theN atanus­

"'a Vdlltly. GrPenh,.•St varielu~s "'f l0m1·"J"• grown ouu1r 1110 
dtJced high YIPids an I frui~ si ., th<ll cuu d 1 cba( ly t1QI he 
expected trom more hardy small-frutUid auluoor ty~~es. Ac..d1· 
rtonal ~lro t~Jction trom (he l lr.m.,ms did not lncrea:se Vlf'lds 
siqnifican tty. GrowiniJ t'..OMdi1 ions Wl're adequate. 

The summet ~ o 1978 a111d 1979 Wi#B rnore notmal . urHt 
cooler cloudy weather prevailed Matke l dif<enmces in varit ties 
were noted and each level of trl' .. ··wr11 11 a Jddeu he<~t or p·o· 
tectia n tncreased plant l]'rowtn ancl frtJit f.)roriucticm. 

Son•t: at tho new •.•ariet e.s tncluded m the lest only one 
ye;~ r ~~ owucl cor siderabl promise. Subarcttc 25 and Mannoba 
bath hatl l.arger It Ut it 11 goc d vtelrls compared J Ear v Tannna. 
Early Girl !.ha wed tnore cold to "r ncH than F allta~ric 01 DP.Ii· 
cious and 01 oduced much be':ter ,, e year when included In the 
oursi(JI! tests . 

The v ari~ly u1 own always pwvecl to be an important iac· 
tor , but no sinale variety was best in cvety year. Since the k·nd 
of we at het to o•• ex per iencer' · fl any pat ticular sum me: r c-annot 
be p r!!dicted in adv.anD.! , a grower might oo we'l to use both 
la rge· and sm"ll fr • .Hted •1anctias and provide as much m cro· 
c1 mate i rTiprov~ neol as ~ossibh;. By t,. , . ·1lastic cover~d cagt~s. 
many AI<>Skdr tlo)rdeners will he <Jbl1 > gtO\" trults and veget­
ables oUt51dP. lhat would otheromse n;qlllrt! full greP.nhouse 
prate ction .D 
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Natural Revegetation of 

Dredge Tai lings at Fox, Alaska 

by 

Kay W. Holmns" 

INTRODUCTION 

Large-scale, go ld-dredging opera1ions are n ow largely a 
part of Alaska's history and the gi(lnt fJOid d redges responsi b le 
for recovering over 7 m ill ion ounces of gold from interio r 
Alaska's rich placar deposit s lie abandoned , o f interest only to 
h1Slori;;ms and t ourists. Ot her fo rms of land distu rbance , how­
eve includi n g road nnd p ipe li ne constructio"', logging, and t he 
extraction of a vanety o f m merals and 1 ock, co nt m ue to gener­
ate areas stripped of vegeta t ion a nd , in man y cases, of p roduc­
ti ve soils as wP.Ii. 

BP.tween the years 1928 and 1964, active go ld m ining ir. 
the Gold stream C•eek and Tanana R1ve1 d ram ages resu te d in 
the removal of vegetation a nd so il s ar. well as the go ll1 from la rge 
areas of land 'e aving behind e longated paralle l mounds of coarse 
gravel ta ilings. Mined at a time when t l1ere was I ttle concern fo r 
ass•s ed revegeta tion, w h ich invo lves any of a n umber of de l•b­
"rat•· muasures taken by m an t o promote t he reestab lishment of 
vegct.a t1 0n o n a d isturbed surface, these lands were left to nature 
to rrvegetate . 

Information dealing w ith assisted revege tation m h igh lati ­
turles is relatively scarce . largely because concern f or envi ron­
mEtntal q ual ity is only recent. Studies o f n atural succession in 
the far n o rt h h ave been he sou~ce of Much of our Information 
on re1rcgetation in arc tic and wbarctic reg ions. Peterson and 
Pe te rso1 (1977) note that th e oldest known attem pts at ass isted 
reveget;Hion in these areas are less th an 10 years old . In order to 
gain ~ r1 m derstand mg at ecological t rend s It is necessa ry to look 
<Jt the natural revegata!ion on su rfoces of known age. Wh ile 
accurate dattng of d rsturbed land surfaces o ften p roves to be the 
qreatr.st obstacle in th is pu rsuit, the dre r1ge c leanup maps owned 
by the Alaska Guld Company doc u menting dates of mining 
'THKle the Fox tallinqs •deal for successional stud ies. 

• Graduate Research Aslsistant, Natural Resouten Management, School of 
Agric:tJIIu rc and Resource Management. 
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The primary o b ject've of the study p roject was to d eter­
min e wha t plant> have recoton·zed he Fox dredge taili 1gs wath­
our m an's assistance aotJ •o 1S:>eSS the re lative Im po rtance 0 

each species pres'3n t A second ob jec1ive was to determ ine If any 
vegetational patte rns could be detec[ed a nd related to readi ly 
measureable physical r~a u res o f the tndmg m ounds ~uch as 
elates of min ing, mounJ Drie n tdtion, slo pe, and perce'ltage of 
fi ne parti cles mixed 111 w1th th~ coarsE>r grave ls . Knowledge of 
what fac tors most a ffec t r~grow h wouiJ help l&nd managers 
decide what practices. •mplemrnted dunng and/or a fh!r m in ing, 
would bu most apt to encourage suct:es~ful p la nt mvas•on . We 
<ire opt rmis tic that the find •nus from a broad-seeped study such 
as this will aid lr more detailed ec-.ological stud•es and fac ilitat e 
assisted-reveql'ta t ion programs in the future. 

Ail abandoned dredge in Fox, Alaska, reminds us of a bygone 
era. The bare tailings in the foreground were deposited in 1959 



Figure 1: Nearly bare of vegetation eiCcept for some lichen 
growth, these tailings deposited in tho 1930s supporl some birch 
saplings in the valley$ between ridges. 

Figura 3: A ' 'dense' stand with developing moss mat ant:! tall 
fireweed and gm sses in the undernory. 

FigUre 2: An " intermediate" stand of birches, aspen~. and bal­
sam poplms of varying ~iz~n. Clumps of mineral soil with abun­
dant mn!s and lichen growth are evidcmt in undulation furrows,. 

Figure 4 : Dlfferences in surface topography are reflected in 
vegetation patterns. The undulation furrow ., generally wppoft 
more growth than the ridge, 

Figure 5: A number of birch trees ere lined up in a:n undulation 
furrow, 
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METHODS 
Wt! ;;eltlc ted lhtl :.tudv area wit:'1 thl:l help of Dean Earl 

Bets till ·· of the Schot1l of Mining and Mmer<JI Engineering of tho 
,iv~rsitv of Alaska anrl Mr. Dar E.:~ga , VICP pre!.lrlent ot th 

, laskJ Gold Company. The stutly area i ~ locatN1 nc;u t· ox, 
Al..tska about . 0 miles north 01 Fmrb anlcr. Th: sitR fot •nto>n~iv!i 

.stutJv .vas c.hosen lleCiiUSP. tl wnS easi ly a(.c"sslhlr. hv Fairbanks 
road systems, was under single ow norsh1p, an t! it5 taillnqs 1. 1 
toces remained rclt~tlvi!ly undi~turberl s.nce dredg nq Much of 
tlw 1e>1 of the mined area surra nd11~9 Fox has been subjected 
to othe1 land uses. 

Alre1 an initi'll rer.onnaissilnce of the are;;, it became 
apparenL tllat in many instances, tailirqs of tho sam<> Jpprox i 
maP agE~ varonrl w1delv i11 the amou• t o plunt growth each 
5liPpcrtP-rl and !hill a rlfrect and posi ve correlation between 
data mmcd and degree of growU1 scemo•d Cll'lUbrto.~l For ~ xample, 
mourtds ciP.rJOSitP.• l in 1930 'l J 1 931 cou ri be toL nd that v...ra 
~till nearly bare of vegetdtlon except f'1r somr ltch('l\ grnwt , 
WlliiP othP.• mounds, mtn!!d t• e ;am~ ,rme, supper ted dense 
~ ttll1rl!; of Ltllt!S. lr , orrlt! l to minimize fu. ther variation , w~ 
decldi!d to restnct the llltllns•ve rtudy to tnlllngs of the same age. 

lnvesli!.]dtion of 1l1e vegetation on the varlou; si!es was 
conducted tJetween June and October of 1979. A1eas or e'a­
tivelv uniform vegetat•o were se ecteo that n~presented an 
array oJ differing degretls of recalontzation. The following 
descnptive ~actof". were: 

1. Relit ve amounts of crown or shoot cover ot different 
kir I o f Jldi1 ~ . u1 trees. tall ~luubs. low shr ub~. herb!>, 
moss 5 md llch!lru. 

2. At:? at1vc height and g' nh o' lHl~ and £all shrub sl)ecies. 
3 . Physu:al f'iltures of thE mound surface thilt wr I! Qsl1· 

mabh:: ~uch as the pen:entage of fine particle~. il'o'Cri:l~l! 
gravel si e . " tc. 

4. Any olwsical feLitums of the mounds ns a wl1o~e such 
trs : om ~£at•on and stevpness of thL) mouno. OJ•Id 
w ether tre dredue deposited ~ravel whil" mov ng Up· 
or downstream. 

All l•u t thP most comr11011 species W!H ~ coltectE>d ami 
1Jr,'luy211 back lor ldentohcatlon a m.l I!P.nficatlfll1. H11lten's Florn 
tJf Atas.ka and NeJgllori11fJ Territories ( 1968) wa~ !.I sed fo r ider i· 
frc<rt!On of 1he vascular spec1cs. Crum's Mosses of the Great 
Lakll.s Forest ( 1976) and Dahl and Kro\js' Macmlichcns of Den­
mark. Nurway and Sweeten (1973) were the main sou ces .JSed 
lot rdenfi ficataon of mosses ond lichens, respectively. 

Pe 1nanen t plots werP. srt up on a ltmr·~d number of 
11100nds so that OJegetatJonal changes l;ould be followed over 
tlmll . C rt~ n vr!!:JfllalrVt t aturr~s nt the~(' S1anrls were mappi:id 
~nd Information on pliln size, vitality , and rJ , tr nutioro were 
recmdad. In arJd tmn £o providing a pcrman,nt ceo ed, rnappmg 
fur ni~hf'.s 1t- ,,nlv practical mothod of secunnq w.1~onoL y pm · 
L:IS~ llllitnll i;l( •Ill da .. fran I ~ III"Hied 11UOJher 0 r stands that Wf!le 
too ~m.JI! to !m plot sampll:.d ilt th£ tree and large -''rull level. 
Soil S<)miJ ies were collected or1 these per aneni plot> ano nutri­
ent analyses were c .. ried o.Jt by 11 e A11 ic ILural Expenment 
Station Soils Laboratory at Palmer Data cof'ccted are currently 
hning analyzed and we hopr thar nddi ional panerns th.lt 111ay 
<!X st but were not demctlld ln tho field VVIII!!metga 

PRELIMINARY RESULTS 
Tt11:! ve!}'lUftlon present on lh~ Fox tai lings represents a 

··mi~ 1 an gil of natural ~crJionP'a' on fro r' almost totally unsuc· 
wsfll to s ti'ble productive m1xed hardwood~ forests . Though 
1her . t! isis a COI11111 1um of rntermtHI ilte> between the;e two 
r>Xt remt>S it I<; pnss•h e to cliv•dl' th!l ra ge o f OJC!}elation type~ 
;nto 1h1e~ hooad cate~ories for purposes of discussion. 

28 January/1981 

BARE STANDS 
As noted above, vcgetatio11 on the s tes 1 anged from rela· 

lively lmlo~ to de11S<J. The barest sites har ks..o; th111 25% total 
gro nd cover IW woody spec1e~ ffiyLJrt: 1). ~h~ lines mixed in 
vVilt· hi:.' tOil ~e surface gra" It' 'mprt$ed Jholll 5~· on th ~sesir.cs; 
dPfiCiPnC.y Of ftn p3rttf' !!~ ·~as I hi only obVIOUS !• ISO fO !hi' 
fallur~ of theS\! si ~s to n·v•·f!et. oo. Paper hrtch (Br>wla papyn· 
tcr11l o.Nas the mo t corn 1 J tree spede5, b~.o, 1 accotJntf'd lor 
IBs rhar. ?% co ... e Most oi th trel? ~p~ru1s WPit.> 'dp'ir J s[zcd ; 
tr~~-s i .:ed md•vid ol~ 10 1t tal dn• 2 .n in diamat r 4 II 
aoove ground lo.•vel were ~1-e ano ~" .:lt.ly scattered. Sa arn 
ooplor (Populus I.Jalsamifera) and quak1119 aspen (Populus 
trem11loides) saplings. wer• presen in lesser amounts. Willow~ 
l&lix spp.) accou Hed for 1 to abou~ 5~.; gruun<.J tove1. OthN 
Hul bh LI.J species, frequcnr on the rnore developed sites. were 
absen. or rare in thllS!! .. Hands. 

B<H gravel ,,redominated n thf Qround Go'J~>r and any 
accumuliited fiLter was mstncted tu the ·urrows gf the srnnli 
~econdarv undulattons wl1rci cha1acwrized the surlar.e of the 
mound tops. Herbaceous pla11 ts \'iCn: few to ucrrt~lo ill and 
always accounted lor less than 5% tmal qrour d r.ovtH . n ~ mo~t 
common herbilCeous ~pecies presl!nt v.ere : flrP.wt>Nl (£pilob,um 
angustifo/Jum and £ . /atifolium l, ha.,..oksbP.<trd ICrepis elegans), 
,:; shit.'!d fer11 {Dryopteris fragrons 1 ::md a crucifor lAra hi~ 
Holbueltii} . 

The most abundan1 plants w~:re lhe licilens of which 
Srereocaulon spp. was: the mos.1 common <JnrJ ronnc•lloos~o" mab 
on bme rock as well as on pockets of ex poiied mmeral soil. 
Though present with far less cover. specre,; ot Umbl/1cana were 
as. numt~rous us Sterooc;lrJion SPf>. Sl!veral mo~~ species were 
found in llflry low 1umbers ar1rf rro'/lded litt ~cover. 

INTERMEDIATE STANDS 
These stands had grciltcr 1han 25%cover by woody ~pecie:s 

bu< less than 50 , covrr IJy i!ll specoe~ (Frgure 2). Gen~raiiV, the 
~me trco spec1es were present us in the sparsely covered stands, 
bt t in grea,er abundance, with rclnt•vc. covr.r fll!rCeJita~s v&ry 
ing trcm s•anfl to stand. B1rcJ· harl 1f11~ 91 ~<tresr abunr:fance anrJ 
cover in all oi thes.l! s1anrb Onll or two whll,.. i~Jruce (Picea 
ylaucdl ,aphngs r1r ~edlon!)5 were tommonly found in 1hes"' 
stand~. mougll l.hey were usually suppresser! and stllrlted . 

Tall wi low~ and oth~1 !all ~ flrulx, e$peci<JIIy w1ld rose 
(Rosa acicularis], we1e also mortl alluntlollll than In the barl! 
!lt.anrJs. Low sht 1hs and herbs. whl e 1rlrcquent in tho !J;He 
s1ands, were more common in those sranrfs, though none had 
high cover vol 1es. 

A~ wit'l r e vascula1 plants, the cover values tor lichens 
, na mo~sl!s were mur.h hlaher: members of the llchon !}11nus 
SrerfiOCI!tiiOII <iCCOLnted for Up tO 50% of the Jl)li:lf {JrOUnC' ~over. 

Liller was a m..n::~ 1 oro lrn,lOrlallt ompnner at thE­
grounc:. t:O\Ier than it was rn thi' IJ, r'1! st.nds D"~rnntin jQUi to 
somtnmils nearly con ' 1uous li1VP1 :; r f leave!> were opparent m 
the undulation l lll rows of I.e >\.II fdce. On qravi!l sub,tro.lt •s such 
as these, the accwnuiJteu organic matte n the foun of lea. 
litter provides the moisture essr iial to the u owth of a number 
of understory !ow shrub~. he1 b~. mosses, ruw lichens. 

DENSE STANDS 
The :;1 ti!S w · the •wavie&t ~Jrowth (grea tel- lh 11 50% covt1r 

by woody spei:ien had a much smaller percentage of oxpose<l 
rock, ana the tmr pnrllde component o · the gfaOJel matriK aver· 
ag(!d 30 to 50'\> c.Jf the total "Volume of solids f ~ gurt' J) . 

Tree speci~~ pres.e rn tht. ct. mt ~~ nLh were ·he same a~ 
fhosa grOWl g an the oth~r rtanus, thot.gl dens1Ues, nOJerag~ 
he1yh I, and average girth w~ ~ :;uc tantially greamr. Lor Her and 



morr. 111garous whitll sp ruce af$o appeared to occur mom regulilr-
ly In ti'l ese mil rt'!' dAIJe loped sitP.S . 

The compm itlon qf tal l shrubs was also si rm l.a r to thosg ot 
the imermediato ~tand~ with in r:: rP.a~es in the oc.currencP. o f hiqh­
bus.ll cran l"loen y (Vitwrrwm eri,Jie), Americ<lll t~d c ur rant (Ribes 
trisrtJ ), a11d rose. Increases in the abunclance oi Labrad or-tea 
(Leuwn palustr~ ~pp. graen l;mdicum ), lw.arberrv 'Arctnsta,olw 
los ova-ursi) , Lrl u~oerry (Vaccirumr 11/1ginosrtm) and Li ngon· 
berry I Vaccm/11m 'lttis idaea) c11arnct"r i 7~d the low shru b~ ot 
thes~ sites. Bluejo i·) t reedgrass (Calamagrostis <;an<Jdensis) and 
t all fireweed were tne two mosl abundam herbaceous plants, 
LO.Qil lhe r t;.Cm prising up t o 15% ground c:ovoL 

The gma1esi corn posit10nal changes seemed tu occ (J r ·n 
tho moss ~nd lichen f lora. Mef!'H)er'S: of Lhe lich e1t qP.IIl! S StorP.o­
r:aulrm which were dommant as a t]round -cove ~ in tile inte r­
n1i!(liate stands were al l but <lbsent from th ese- dense r stands and 
Pelriqer.i and Clf}rionia lichen spe,ies pradomin<Ucd . F ea ther-
mOS$ (Hylvcomium spft:Hidens·) ~andy found o r1 t"t! rno,e open 
lilte',, was. B dom1n~nt mo&-> specu~s in these stands. Th1s pO!i•tiOP 

at rlom~nanr:e was shared by ma1nbP. ~ ot rhe mos~ genus 
Dre{Mnor:ladus, a gei1U5 wel l represente<l •n the ~rHPrmerh;)to 
s'tOJnds. 

ihe nitroqen·fbdng $hrub , t!Hll'f1 alder (A(nus crispn ~pp. 

r.rls(Ja I. although omsent, did not j.Jiay <J n imptJ rtan l . o•e HI the 
reveqr.tation ot th!! Fox CJihngs as t has In other orirna ry 
suc.cP.s~i~ r,a l se e'luenc.e~. e.g., on glacial moraines , mate ria l ~it P. s, 

anr-J irner"ior Alaskil ivetsides (Crocker •nd Major , 1955; Vie•ee k, 
1970; Neila nd, 1978). On the Fox tail ings, it attained 1ligl1 
dnn~i ties only in deprar..~ions bRtween mounds th at had pla ntitul 
rrw·~ral so1l a11d along so u1e ol tr•t! m'ning haul • oad~. NJtiOgfln 
fixrng herbaceous legumes were s1mllarly limrted to 1hese ab<m· 
donl!'d w ads wtunu f intl p.uticlc-s W l!rc agui n a large component 
of ) 1e gra\lel-s.oi l ll'lnlnx. Th~ a1d~rs tha t were e xan lned WF>re 
found to b~ nodu latcrl. Simi lar findmgs were repo rted b-y 
E1rr tgron 1 1975~ •p h·s ~tudy or the ll<'~tt.u,!l U!\•egetat1on of 
ahandonetl min-ng :'il!es and logging roads;. No1wasculur nitrogen 
fl xers, however, wl!ro widespread ~nd common on the talllnq~ 
int:l lflil'lq thP- Hr.tu~n~ SrP.ronc~ulon spp . -a rul Peltigern spp. 

One 1 rend that nppeartHI eonsist~Hit th1 oughou l the sH.JfiY 
area ~onc-erned the liistri uwtion oi lfioodv plants with re~pecL to 
the minor su rface undula tions. The undutations pro vi oed s:i-tes 
of ~aryrng suuab1hty whrch weru Qften refl ected in patm rns of 
growtr ~ F igurP. 4]. Somewhat protected from the rlry1ng eft11ct~ 
a. wind ilnd sun nxpa~ure, the mort> rllois t u ndu l ;~ tin n ! 1J rrl')w!> 
g~n£'rlll l v ~uppo rt111:1 rnore tree and sj,rub grtlWth th <~M d Ad the 
adjactln t undulation ttdqP.s l FjqurH 5} . 

T hR IRr ye-1 ami rle~11er ravines lJe tv\reen tailirU]S m ounds 
general ly suJJ ported dense wif low and 9rass growth . In sam& 
locations these intermnund low anlas '.VIHe up to 25 feQ.t bolow 
tht: level a t adjacent mounrl tops olton inrorsecte rl The water 
rahlo, .1od we~i> Jnore protectl!'d f•om sun and w1 nt.J ·1u111 he 
relatively sh<~llow surfa ce fu rrm•.•i Although these >ites were 
idnii. ·or germinarion , tllmpor.o r·.,- floodlr1!J, <rl i1deqt ·ati:! rl rain~ge 

anti poor 8era 1 iot'l aftt'r heavy summer r ain~ made these si res 
generall y urlSUJtai-11 1" far good I ree growth . 

In sul1'lllary, rhe rnajo r inf lul'ncr- on nlltu '"' revogetar ion 
~ucce!;S appe<lfs to bP. rP.l a te.d to the p(Jrcent.age ot fin~ par Liclc~ 

in 5urface ma1eria l. Tho la rJI(l r the p roportion oi fine oattic la~ lr. 
the qra11al-so I mi1tt ix, the !jteate1 the .:ove r. Si mila r f ind-ngs 

were shown in Me 1d nger's sturJy 11 979t of the nat11ral revege­
tation of coal fie lr!s in British Co lumbia. Tex tu re, or t l1e parti cle 
">iZfl composi 1 ion , flf a soil st ro ngly affects the mo isture- and 
neat holding capaci y of a suostrate , tile abil i ty o f 11 su b5irate to 
rr..!Uli :md ~e l ease m ir1eral nutrien ts 111 a form ava !ab le tor p lant 
uptake, and th11 amoonr of ox yga11 ~\lrl rlahle to plant roo ts . The 

Vt! rY coarse naturi'J of lh . gravel ,ul.:xtrate prevented df'lermina­
r ion of othP.r soil characte t~;tics that may ha·J~ been I mitlng Lll 
plant growth 

n,~ 1 eiFiti on~hlp l)f womlv·r11nn1 flensi tfes. to lilP. !.urfacr. 
topograph c features as well as the mcreu:;ecl veqetc..tion on sur· 
faces having a l1igh tin~ p:~rtidt content suggc:st l:t'a~ mmstwe 
and moisutre- releterl c.nnortions a " prohably rhr. most impm 
Wn t rac10rs lim~r~11g rer:olo•lil;rtJnn . f-urther nuTJLl!11T daTn i!l1aly­
sfs, hm,.-JEIVef, mwv reveal nlltrluonal rlet,cf~ncie~ whir.n rnav al5u 
he Hllportant in inhibiting plant est.abhshmen~ Causes for the 
small-scale , nlesotopographit pattflrn5 uno the lar9'1r ~c:<Jh:: , 

m ound to-mound var attOII'> may be impo~<;ibl" ro f.)iJIPOII1l 
without P.Xtensi11e aont1 ollt!rl expemn~n lation. 

CONCLUDI NG REMARKS 

Ext.en~ i ve end limited tllLemJve studi!!s or thEl Fm< tntlings 
reve1t led a wide array of vegetational types 1n whl~h vegetatir.•F< 
covll'r wa~ nnt r.on~•stP.n ly and positi11ely ~orrtl!lated with age . 
The presence of 50-year-old tcu l nq~ mounds with &ss~ntlally no 
II B~tanon on th~m indiC<lll!$ t haL wiU1ou L ass isUJnc-e-these areas 
mlly well rema111 barwen for several hundreds of years. Other 
cl!l-l~ely ~e~t.ated maund5 of simililr BQC supportinq v i gorou~ 
mixed hardwood f orests ind1catn thnT mRn's as.s,sta11ce may 1101 
be rcquisht~ to ·;u cc.ess. ttl revegetation 111 many instances. Find 
ingo ~uoh as these suQges. the need for a ll ilrilny pf lf!l19gelilllhM 

techniques sel:ectli!d ac.eorrltng o the capr,brhlteS an J loca tlon of 
tho site . concentrating t:t~Slstance on those area.5 o f h1gll value 
an.d neatest pa pulatm1; r:enten anrl which have lntla po tar1t1a1 
for natural rehabi l tat.ton.D 
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Techniques for Continuous and Improved Vegetable Harvests 
The EffPct of Plant ~pac i ng, Transplanting and lJ1rec t Seeding 

by 

D. H Dinkel, P. J. Wagner. · · and G. E. Mat l1 eke"" 

Many ~a rdeners think that i t i~ necessary ro use larqt:! t rans· 
plants In o rdP.r for some crops t o achievP maturity when. in fact, 
the gmwing season In southcentra l an•l interior Alaska is suffi. 
dcntly long to matiJte most ot t he cool-season vegetable crops 
seedetl d irect ly in th.• fiold early in 1ho spring. Con fusion also 
extl'nds to the pmpe r .ime to >tllrf s~eding in order to obtain 
t ranspl;m ts of a ~ ze and age bes t suited to vanous productJon 
sch~:~mes . Older transplants may result tn an earl ier harvnst , but 
yie ll s are usually reduced. 

Actually, there arc many options avai lab lt-: for grow•ng 
cooi·!>l!ason crops and t he fle~i red time of haJVest and yield pur 
plant o r un it area will determine the choice of a r~roduction 

scheme. The intent of th is report is to present tile rcsul rs of 
nufl'r>rous studies wit i cabbage, broccoli, ca11 lifl ower and 
letwce wh ich migh assist 11rowers in producing a more continu· 
ou~ n~es t o r products or il desi red size. 

Sometimes commercial urowers as well as home gardeners 
wish to avoid a single l<~rgc l•arvest during a short per iod of time. 
Most p ·oducers know that varymg t he crop vanerv can result in 
a spacet. or r lanned con t nuous harves t. Also , in areas with a 
lon!J growing season, d irect sci!ding at vario us times to produce a 
spaced harvest is a common practice. The pt)Ssiollitv af using 
tl'e same variety with diroct field seeding and transp lant!. of 

Table 1: WeigtH per head and yield for cabbage grown 111 
d1ffere nt $pacings m rows spaced three feet apart in 1974.1 

V11netv Spacing hn) Si ze (lb/hH Y no> lrt [lb/1 00 h 2) 

Hyb to '5 8 2.73 1311.5 
Hvbrt• "5 12 3.36 112.0 
\.fybtd1 5 15 5 .09 135.0 

Prim~ Pale a 2 .89 14 4.5 
Pnmll Pal< 12 3.67 122.4 
Pmnl! Pal< 15 4.98 1:12.9 

Stonehearl H 2.58 •29.0 
Stonet>eud l ? 3 16 105 0 
Slone heAd 15 4 28 1 •4.3 
13 wuck old tran$p a1111o wera used. - - --

• Professor, Plant Physoology, Agricullural Exp et1mont Station , Fa~r · 
banks. 

•• Aarh:o11ur;al As.$istant , Agricultural Exp~iment Station, Filirbanks. 

Figure 1: Dellra variety cauliflower grown from young 3 -4 week 
old tran5plants lh~t have no t been wbject to severe Qovil'on· 
mental stress. 

30 Jan uary/1981 , 1grubtJT''tlli.l 

dlffQrent a~s to space thP harvest during our ~horter growin 1 
sP-ason I~ not as w~ll known 

Data for ca bbage (T b les 1 and 2 ) show lle eHect o f vari­
ous plant spacings on h~a.f site and yt~:ld per uml !lJila . I t i$ clea 
that If a smaller hnad or cabbage s desiTed tt can be obta ned l.ly 
cl ose r spacing wi lhout ;: re(]uc; tt.::m in tO till yield USlll!:J e ther 
d. reel field seed iniJ or 3 to 4 ·Wt'ek o j trai1Splat ts Yir d per unit 
area in most cases is grea ter at th ' r.lor.er ~pacinq . A 5-pounrJ 
head of catlbage produced by tho 15 or 16-mch !;pacing mav bP 
nico i1 one ts making saue[kraur or cole slaw lo1 a largo picn•c 
but t he 2· to 3·pOUiid head produced by the B-inch ~IJacing Is 
more cJesirablo for the a\nr~ge lamily and thereforo more mar· 
ketalJie by rl111 y t ocer. On th•l other fland, if the grower 1S tryin!l 
o produce a l<1 rge cabhc~y~ot to axh 'li t in t he large·cabbage d ivi ­

sion at the local fai r, it is desu<~!:I IH to leave amp ' growsng space 
Dat.a from these studies d(l not sl' ow mu-.h -1ffect ot spacing on 
maturi ty although It is getter lly accnptitd that rnla tively wide 
spactng promote-. a sllqht earl ness os well a.s a gr~ater ywld per 
plant. 

Tab le 2: Weight per he-ad and yield of cabbage grown n t 
different spacings wtth r:ran$plsnts vs. d~roct fi eld seedinQ 

In 1975 

Crop Variety Treatment ~nglnJ Sou Cib/l'>d) Yi Il l llll/100 lt" l 

llybrld 15 Tr nn:rplafll 8 2.75 137.5 
Hybnd 16 T r.llnsplant 12 3.3') 1130 
Hvbr. d 15 T r.llmolanl 16 5 .00 125.0 
Hvbr d 16 Se dlld 8 7.66 133.0 
Hybnd 15 Se:.<111d 1 ~ J.04 101 .4 
Hybrid 15 Sf!ft().•d 16 3.33 83 3 

T astte T aniplant 8 1.83 91.5 
Tastle Tran,plant l2 7 66 86.7 
lasue Toan'rplanl 16 7..8 1 71).8 
l anw ~··dt}d a 2.02 101.0 
T,,~toll Se-!'odt!d l 2 2.22 74.0 
Tu~t on Seetl1d 16 2.46 61 s 

E~rlia:nna Tramplam B 1.lb 57.5 
Earlianna Transptanl 12 l 59 530 
Earroannt~ Tran!plant l6 2 .31 518 
Earl anna Seeded 8 .96 48.0 
Eao loa•,nl SeedB<'I 12 l.OJ 34.3 
F.;tllllnna S-.ed~tl 16 1.3!3 34.8 

Figure 2 . Mark Dinkel with hi• 68 lb prize wtnning 0-S cross 
cabbage which was grown by uslng the correct varietv and 
maintaining a consistent and near o ptimum growth system, 



Table 3: Siz.e of transplanu vs. field seedmg on yield and weight of harvest for Green Duke broccoli and Snow Crown cauhftower1 

CtO D T rea1rnen1 WI. or 1 llrmmal lt.ao/P iant (lb) Total Wt T•ntl'l tnab & Lute ru 5 (lbl Averd911 Harvest Dull! 

Broccoli: 
Gn··11 Duke Seeded 2.60 3.45 A~o.~gu t 2 
Gra. 11 Duke 3-w k rra nrolant 1.09 1 97 July 4'6 
Grei,.. Duke 6-w k transplan t .62 1.30 July 16 

C/IU' tiOL'\ICr: 
Snow Crown se~tlerl ·-) 

Snow Crown 3 ·wk tra nR:plan 1 1 42 Jolly 26 
Snow Crown 6-wl< tr~rlSPian 1 1.36 Julv 18 

~Tr iiiSQia nt s and ti illl<'• fieh:l sced m g do n e May 21,19 75. All crops grown ot 1!J inett spacing 

3
Coml)3robl e stond !'lOt o b ta ined w it t> field ~eeded cau li flo wer. 
No• aoplicable. 

T he tirne needed t o attain a Marves table size is greatly 
alfer•eCI oy the use of seedlin gs or transplan ts of differen t ages. 
Data from studies w•1h b roccoli companng the age of transplan~ 
with d irect f ield seedmg and wi th caltl ifl ower comparing o nly 
thl' atloe of u ansplao ls a re presented rn Table 3. These data a re 
typ1ca l fo r m ost co ol·season vegetables that cal" t)e grown by 
d1rect seeding or b y lw use of a t ransplant. In general, older 
lt BIISI>Ian ts w ill matu re earl ie r, wh tle younger transplants will 
produce a larger yie ld per plan t . If t ransplants at e too o ld thev 
may fA i I to prod uce usab le heads . When seed is used to est.ab· 
lish plants in the fia ld, matu ri ty is almost a lways lat e r but in 
matiV cases these p lants p rod u ce tht' high es t y ie ld. Brocco li 
which is d irect field seeded almost a lways produces the highest 
yield when compared to transplants it cultura l conditions an~ 
near opti mum. 

Table 4 com pares yields p roduced b y d irect seeding and 
the use of a 3-w eek ol d t ransp lant for a number of c-rops on 
hcatcc and unheated so ils. Soils were hea ted U\ ing cooling water 
trom an e lectri cal power generat ion facili ty at For t Wainwright. 
In tht. warme r so il s, th e yield of so me of tne seeded crops in the 
tes t~ exceeded the yie ld of the transplants, wh1c h suggests that 
if conditions are rno re nearly op trmum fo r emergence and 
growth, the grower can expect the grea tes t yield f rom direc t· 
seedeo p lants althou gh they wi ll matu re la te r. This is consistent 
with the accep-red princ ipl(' t hat any !J rowth scheme which does 
no1 cause a oe ri od of reduced growth will resu lt •n the great est 
total yle ld. A ltlwugh il is difficult fo 1 l hc growe, to c omple te ly 
Blumnnte nu tritional and e r1vironmentdl st ress even on dit cc t· 
sr~ede<.. plants, these st resses are fa r m ore severe on transplants 
wh•ch Inev itably are su bject to a t least some transr lan ti ng shock. 

l 1 summary, it is possi b le to us€ ones favo rite crop varie ty, 
to spread t he harvest by u sing transplants o f difforent ages, and 
to conrrol the size by spac ing appropria tely . For a vEry early 
yield a few plan ts can be grown from transplan ts 6 to 8 wP.oks 

Figure 3 Closely spaced Hvbrid 15 cabbage plants produce 
small market able heads. 

Table 4 . Weight of cabbage, broccoli, cauliflower and lettuct. 
crops grown on h eated' and unheated soil from transplants 

or direct seeding, 1979, 

Crop Treatml!Tll H~ated UntteatPd 

Brocco It 
G reer Du ke Seeneri .513 .89 
G re..eo Duke Trm-splan•~ .16 .32 
Green Owarf S<!P.Q f.(l .82 .37 
Green Dwarf T ~n~pl.lnl'. .59 .50 

C<>bha!)P. 
T asti tl 5 ,.doo .Hit> 2 .89 
Tasrt e T ttsr.J I.tlll' :l.2b 4.67 
lolyiJr ltJ 15 SoJP.ci-:d 4.03 2.82 
"'yhwJ 16 r II! Sp lann 5.!)9 4 .78 

Cau ollow"r 
Snow C rown Seeded 1.51 1.55 
Snow C rown T w~pl •l't ~ 1.90 2.61 
Super Snowt~l St't•di'!Q 1.76 1.62 
Super Snowb al T nsplants 2.10 2 .65 

~nuc 

Monilake "~pdeu 1 65 .32 
1tt,lake lllsPiul•tw 1.4.6 1.48 

Ithaca So~edo•d 1.44 2.1 8 
lt11ilt:a ;msplal1ls Ul1 I 67 
Ost inata Seeded 69 .60 
Ost lnata T JtUpl<tOI~ .68 .88 

1 Th~ so il was he31Ad bv usm tho• re1<•c ccl ctJo llnlJ w to< lrCJm an olectri-
cal po wer generolt ion f tCllll'( . Soli It mpeHhJre aT t~e 6" <l~pt h \liM< 
i ncreascd 1 0 to 20 degn1es n the neate<l plor du• ing the !Jr owing se:t~()rt 

o ld. A mam crop for proc:cs;;mg nr market can b grown fro m 
seed or young lranspl;mt ~ clltd lh ts wHI produce u c hi!l1cst Yl"'ld 
a lt hough i w ill rna lu ll'>! lrt ter. Smllller heads or lenmnals can be 
prod uced by using clo~r spactng Without reducing the t o tal 
yie ld per unit area. In tact, th,., tot:1l v•eld vvill probab!y exce~d 
that from plants with wider spaci g i f sufficien t nutrients am.J 
moisture are available [ 

Figure 4 : A well grown Green Duke broccoli p~ant using a 
young t ransp lant properly hardened to reduce transplant shock. 
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Optimum Herd Structure 
. 
1n 

Alaska Reindeer Herds 

TJ1e ques t ion ot herd structur~shou ld 

be of majnr t oncern to a feindoor herd 
ow11er if t1e w ishes o ul1tam th!l h ighest 
ft!lUtr1 •n meE!tiT'Ig the objeCtiVes he has set 
for Ill$ berd The itructur"' . or number of 
male and r~maiP. l llilid!lP.J gf difi ering ages, 
(lf th~ herd wrll change with alttlrnative 

• Fl~t1~rch Associi)tl on E~nQmi!;'S, Agtlcullun l 
Expll nm• nt Stat ion, Fanrbanks . 

by 

Edward L Arobio • 

objectives . Tho ugh it is generally held by 
economists lh at iodhtJduals strrve to max i­
mire net income from an economic activ 
1ty , il may well be that mindae r herd 
owner:; ll avL• mod tied objectives. For 
example, a hllHl owner may WISh 10 max i­
nJize ner re~nu~s rubjec t to a mmlmum 
level o f meut pmductlon or herd growth , 
e •Jc-n tho ugh t he~e object ives. may prm•ide 
les5, u~an maximum net InCOme . Research 
now being, co nducted at the Agric ultura l 

Expenment Station . Un ivers i ty of Alaska, 
Fairba11 ks. is •Hrec;Le-ci al deterrnmi11g opti­
mum herri structure , and W£! ha•1e obtained 
s.oma pmhm inary resulu and defin11d our 
fu tur rP.searc:h plans . 

A1 tM11 pres~m 1 nn'e ti1eJe lift: appro xi· 
n1m~lv 25.000 relndee1 in 18 domestic 
h~rd:;within the~tate !McNicholas, 1900) . 
Thesa remdeer herds are o~·.n.ed by 14 
indjt,<iduals. three vil lages, an(l one Native 
regional corporonioo . Herds range in size 

Ra.indeer being h11rc:led from a laru9 holding aran into smal la·r ~ckeu for vllccinatinJl, tllllylng, .and antlsr harvest. 
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fran less than 500 to over7,000 reindr.er ; 
however, t he majority of herds number 
be tween 500 and 2,000 animals. Ap!J"OXi· 
mdt y 17,700, or 7 1 percent, at t he 
re ndeer located 111 Alaska are on the 
Sewa l' and Baldwin Peninsulas. 

Un til recently. re indeer herding has 
bt'!" conducted partially on a subsistence, 
partially on a cash basis {Arobio, 1979). 
Typically, herds have been oriented to 
thn production o ' meat and hides fo r 
v llag£> use. They have been extensively 
managed and gerwrally provided smal l 
r~turm . A few herds have been IJrge 
enough to sell meat to stores and lnd ,vtd­
t a l\ tn Nom1~ and Kotzebue, and at U'nes 
outsi<L of the re11lon. 

Recently, the Increase in price of 
a ""ltrer reindeer rroduct, velvet antler, 

a5 ·ncreased the produc tion possibilities 
and ~>conomic potential of the industry. 
Al mr t>Pr velvet ant er is harvested in June 
a1 c early Ju ly and is purchased by buyers 
wt o £1' 11 the antl~ rs in the Orient , pr-nci­
pal y to South Koma . While herd owrwrs 

ave! been h arvcsttn!J and se ling reinut>e r 
velv t antlers since the m id 1960s, only 
rltCt-intly has IJrice increased to a paint 
willet· establishes velvet antler as a major 

product. As late as 1969, velvet antler 
was bein~ purchased from herd owners a 
$2.20 per kilogram (Arobio, 1979). b ut 
in 1977. the majority o ~ herd ownc!rs 
received $17.60 per k itogram. Average 
p rices received for velve 1 t~ntler in 1979 
have been reported at between $66 and 
$88 per kilogram (McNicholas, 19801. 

Reindeer he rd owners, because of t he 
addition of velvet antler as a major rein­
deer prod uct, now have two major choices 
of which to emphasize production. Em ­
phasizing the production of one will lead 
to a decrease in t he other. Bull ant lers are 
generally larger than cow or steer antlet s 
and a herd structured to max rmize an tle r 
production will be different from one 
max mizing meat prociuc tion. The fo rmer 
wi ll h ave more bu lls of older ages than 
one oriented to meat production. Though 
meat will still be produced, 1-r will be mucn 
less than that produced by a traditiona. 
herd, the structure of which was based on 
meat harvest. The typ ical meat-produci rlg 
reindeer in Alaska is a steer two years o 
age and older. 

Instead of e ohasizing one product 
at the exclusion oi another, herders have 
the option of a comwomise situation n 

- - -

which ~ome meat or antler production is 
given up 11 r . tu for more of e oth11r. 
In another prod uction altrrnauv~. it .as 
boon sugge~ted that wlune max imum 
meat prod• ~.;tion is d~irer ca lf slaughter 
wo ld IJrovidc m >re meat than current 
sto:e~ p·oductron. 

Hrrd owners U1us nee I t o uetermtne 
the types 'ln j quanutte;, t reindee r to 
prod.Jcc fer ~Ia~ g er and ilf'ltler j:Jroduc­
tion as we lt s dPfi n tng thr: o verwtntering 
struct u f c.r tl oir herds . E:Peh reindeer of 
a P<Htietlla age and sex and kep . ei ther In 
toe 1reedlng herd o r sli!Ughte rcd can be 
though t of CiS a se parilte production acfv­
ity ~ ei~ d!lt'r he rd owners are aced with 
th' oos~ihllt y o t many prnductmn act~~ot­

tty o ptions an l mu•t answer the question 
of haw m;u,y they should hmtP. o f each. 

Thr qu,..ction woutfl >e rela tive ly 
easy to .. ns,'JU tf t ' e erd owner \llf!re no• 
bound by ,, lm tted supply oi prod uction 
inputs, i.e. land, labor, and capital , whid1 
lim·• total product ion as \ -e ll a< produc­
tion of an individual activity. A_. severa l 
pwduction optio m coel<s~ with seve al 
r ~o, rc-e or othe r cons r· rn ~ which ltMi• 
the na rmum uvel of eac retndef'r pro-
dw·lio t acfvity, sam~J e h rjget ng tech-

---- ._.,:_ 

A group of remdoar in a holdit'lg pen followmg •mtlar removal They w ill soon be turned back onto thP. range. 
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niQur.s n ay be insu ffic ient to deterrnim' 
t.i e best course of ac tion for the 1erd 
own~· . Mom sophtsticated techniques 
rnay provide better answers. 

The 1irst research that looked at opti­
mum herd struct ure fo r Alaskan rei ndeer 
herds was dona by L...t ick (1978). He c<J I­
C:L lated the op timum precalv i n~ herd for 
~ou r p odu ction options : (1) an tler pro­
duel on (2 ) fa stetlr production . (3} calt 
production, anu, {4) long y earlir ':] produc· 
tlon. Results of the study suggested that 
remdP.er herds h ad 'ignl rican t economic 

potenti al that was not being real ized by 
herd owners L.nder current herd composi· 
tton Study llm rratons included exclusion 
of economic restr ctions e .g. , capital, 
labor, m achinery, atr ., Wh1ch m ght con· 
strain a produc tion alte rna ti ve , m e esti· 
mat ion of gross ret rns Instead o f net 
returns, and th e Inabili ty to look. at com· 
binat1ons o f p roduction alt~rna tives. 

Agricu ltural economists nt the Fa ir· 
bank$ Research CenrP-r h ave used a math ­
omatH;al techniqtJe called lin!!ar pro[Jfam ­
ming to estimate optirn1 1m precalving 

herd !ltructllre md annual sl1ugh er and 
an .ler harvost ~hed •les Th!s tl!chnlll Hl 

tBkt1S ir to cons1doranon economic, 
resource , and manageria l constrnl •ts to 
JJroductio 11nd osl imates net revenue io1 
1hll annua opcrcmon Because o f the lar[fe 
numher of equat•on.; to be ~>olved stmul 
tal wou~ly , ~,pilei a! mathematical tt!rh 
niqulls have bl'r.n developed to ;ohre tlluse 
pwblems. A common method i~ t o Use 
computers io fi 1d a solution u~ir g an 
iterative technique call!!d thP. simplex pro 
oedu e, 

A.$ one ~tep in the improved management of roindeer he rds, thi! 
reindeer belonging to the NANA Regional Corporation is being 
vaccmated for io t11mol parasites. 

The product of summer ;mt!Br harve11ing. Thasa velvet antleri 
will be frozen and shipped to San Francisco for dry1ng They 
w1ll then be sold in the Onent, primarily in South Korea. 
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The gene ral linear programming 
model wo ks in the fo llowing mannfH' . 
Firn an o bjec ive fun ction is developed 
to e!>timate t hl! annua l nr.t return per umt 
(glos< reven ues per um t of activitY mlnu~ 
v.arial~le production costs pe1 un t of act1v 
ltv) for each p roduction activi ty . The 
objec;ive fu nction for the t e1 ndeer II neat 
p1ogramming modt'l inc ludes p roduct on 
ac ·vit ies which we have cl i\1ided into two 
groups: prod ucing acti~ties :mel s~lling 

octiviries. Producing activities ·,wolve rain 
detlr which overwinter and provide rr.place­
ments for anim als slaughter(:ld, and are 
comprised o f cal~·!s , one-year-old males 
and femalr.s, two-year-old malr.s and 
femal"~, nr~>e-year-ald malf'!s , cows 
(frm<tlcs ages three and older), fou r-year­
old males, and bulls !males fiw years o f 
aqt· and older). StiiHiq ac t ivi tees a rc grouus 
of remdecr which .,•e s laughmroci annual­
ly . Tho model allows f or the slau9htt:r of 
six groups oi reindeer. Thr·se a e: (1) male 
calves (2) female calves, (3 ) one-year-old 
males (41 r o ur-year okl steers, l5l bu lis . 
anrf {6) cows. The ObJec t•ve funr1'ion 
valui!S for th.:: 'lf odu.,;i ng acnv1t1es are 
difir.renccs between annual rewnuPs 
1eceived pt. t reindeer from har1ulstln11 of 
velvll1 antler and annual var'ablt ~roduc· 

tion co~ ts per head for an mals contir' ing 
in the herd . Negative va ttP.s for some 
coh01 t groups imptitlS f! ither 'lonprocflJC­
tion ot velvet antle1 or insufficir.rn antler 
revenul' to cover herd-prod llction costs . 
Thi:! 'Jillt.Jcs 'o• selhny ac rv·w es a m rr.vt>.· 
rrul;!~ receiVed rrom each sin Jglw.m.>d ani­
mal from the sale ot carcass meat anr 
11alv~t antler miMUS he iJ"r-animal var -
abl ' rnoduction cmt~. S!aug tL eng i~ all 
addrtlonal expense associated •,OJ - h sell1ng 
activities whrch an o a par. of the ruo· 
uuction costs tor producing actrvitiP.s . 

rt"H! objecti.re funct io 11 is maximized 
subjPct ro a serir•s of I' near e!."trarnts. These 
~~~~1ra1nts can be o• three types : (l) re· 
source or n p u• restrictions, ·.e . limited 
qL.antitir.s o1 land, labur. <1nd capi tnl ; 
(21 ~ ternal re'Str ctlons. i.e. go\lilJt)ITlent 
!Jra-in l limltati011~; 'lnd (3} whjer:uve 
resu k t iO'lS· rr.s1r tr. ticms im posed by L"m 
opera or un h imself, fo r exantple, requl­
ringa cert;~in level of one activity lthough 
doing so limits another activity which 
may produce greater returns. 

R 1stri ct10ns t o 'he reindeer lit ear 
progr •rnming morlul are of fi v.- cypes: 
(1} qranng, l2) labor, (3) maintenance of 
a 11in1mu m hlJI/cow ratio, (4) t ran5ter 
c~nnstraints, 1nu (5 ) c;u I reqlltrements. In 
th1s model It is assumect lha t ne end of 
winter graz ing ot reindeer is limiteJ to 
1000, 2000, o r 3000 animals . T ha labo r 
constraint assumes that each rei ndee1 
takes .5 hours to slaughter. One thousanct 

to tal man ho urs o f slaughtering labor are 
availahle . T he minimum bull:cow ratio is 
set at a minimum o f 1 :10. There is no 
restriction. however. on hul s in a ra t io 
greate r than 1:10 . 

The next sot of constra ints are live· 
stock t ransfers. Based o n rre opt imum 
number and types o f reindeer to be 
slauuhterr d, these constrain ts pro\llde 
replacements fo r all slaugh tered an imals. 
T h is is done by r·>quiring enough cows to 
be in the herd in t rder to prod uce replace­
ment!> that e•n~ntua ll y will reach slaug lltt!r 
age , These constramts Sf~Ci fically account 
to the mortalitY t hat wi II take p lace wi -
in cohort grou ps and •he calving percent­
age of cows. Till' final restri ctio ns provide 
for culling cows nnrl bulls over ·er years 
of age. 

Three classesc of mfo rmat iOil are 
ne~ded to make thr niodel operational: 
( 1) production cosb, {2) e1ndocr prodL r.t 
pr ens, <1r cl t3 ) prod uction l>arameters_ 
Al~hough the mocle! a!>Sumcs these ;ut~ 

known wiTh Ccr Lin LV. it $houlr1 hr. 11otecl 
that o 'ten data fot Alaskan reindeerherdr. 
are not avai lnblc an c. rougl osumar~ 

must be rnad1:1 lo taclllta1c thll mo~lt·l's 

construction. 

Proclucnon costs . for 1977 ;;ntl 
an: de..cribed .11 n rt!port by Stem et al. 
(1977). 1 1Hl mofJel re-na~r! a1ds prodtJCP. 
two produr.ts: ca1 ca~r. rei deer men t arul 
velvet antler. Tha prices most commonly 
received for hese products in 1977 are 
u:;OO in the modal (Stn• llt al., 1977). 
Produrr on costs and n11 LIU t prices ere 
prnvided 1n -, ablt! 1. There ar Thrc• pro· 
ductian rar<1meters with whi~t1 we are 
concen 'ld : ( 1) calving pen:clitag.: of 
cows, (2 ) h!!rd morrdllt't, and (3) carcass 
and amler weights of l:ohort :JfOups 
(Luick. 1978, 1979). The..e data are 
ptrsented in rabin 2. 

Solutions to the ba!>ic model are 
nr~ent<Jd in Table 3 . Sol tions are pro­
v.dod lor 'hree cnd·of w"nt~r herd size$: 
1.000, 2,000, .,eul 3,000 reindeer . RosLJits 
arn {)IV"n OISS\Itnlng e1tiur ll loW <1r a high 
n (. d mortality. n ? nilral soiLirion 
!max imrzat '11 of n~t return5} rnighl htl 
te med Lhr. ar11ler m ill solm•on_ Becau~ 
o1 the valu~ of vt.lvi! <:tr l!!rs, ht•rds are 
orlentlhl to tl e production of bulls. s .... ce 
bu l l~ have the hi!aVIf!St All llers, the. moJal 
rnaximrze& tile 11umbe1 of bUll!> In the he.rrl 
subject to requ il emcnts for Oldin t.ainmg 
herd srze anti cullin~ ohjer bulls. Thi& is 

Table 1. Pcr·R(lindeer Producttan COst$ Incurred and Product Prices Received 
by Herders for Model R11indeer HP.rds, 1977. 
Annuul Pet -fl~ln•J~r 
Productron Coru ( ) 

Her I S Pr Cost Cfl~ Carcan MEI81 '1/r• 11~1 An ,lo~r 
IHP.ad) (11.1~· Slnuyl L -rl (Steugntfd (oor lr.gl IP~~'" kg) 

1,000 15 16 l.B7 17 60 
2,000 14 16 ' Bl 11.60 
3,000 10 12 I 87 17.00 

-------------- --------------------------------------------~---SOURCE · R . 0 . St •p·ut iJ 1977, 

Table 2. Production Parameters for Model Allindeer Hnrds 

Ca1V<"s 
I 'f 1 oi<J 
2 y~;ar ok1 
Adult 

Calvt'l!l PP.rc~>nwn&8 

68 

I ow Mor tallty 

10 
5 
2 

Carcass R"d Wnt V t•l"" \n(IP.r W~tlllhtB 

f'EMAL. ES 
Cal' 
1-v ear old 
2·VPSI old 
l·d tll t 

MA .. .FS 
Cll l 
l ve<~ oro 
2-YM• old 
3-vear old 
4-y~<Jr and o lder 

STEERS 
4-vear old 

Ca1 cas> WCll fll't I k g} 

18 18 
27 27 
:n .a1 
43.18 

18.18 
:ll .81 
43.18 
54 .54 
&1 .5-t 

63.63 

~h calvtnq percanta~e ts ltl' surnmer Ml'lctlin!rs ~I 
SO URCE : , _ R, 41ick, 19 /8,1979. 

..;._ _____ _ 
0 

.45 
9Q 

1.36 

0 
90 

2.21 
3.63 
4 .54 

2.27 
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Ta ble 3. Herd Structure and Sales ; Herds of 1,0 00, 2,000 . and 3 ,000 Reindee r (Antler/Meat Productio n I 
1,000 ReiPd~r• 2 .000 Reindee• .:a 3 ,0 00 Reiooeera 

He•,! Strllctu rA L.ow Mortahtv High Mo rtality Low Mona rt y H rg~ Mar tallty U,w Mort:: tv H.gh Mon IIY 

E'ld-ol Wr,.t r H•·rd 

'.11.11t· C.111 71 .4 79.5 142.9 159.0 214.3 238.5 
F IT'altr Call 71.4 79.5 14 2 .9 159 .0 214 .3 236,5 
1 Yea "-'late 64 .3 63 .6 128 .6 127.2 192.9 190 .8 
1 -Y e~r amul o 29 .3 35 .1 58.6 70.3 88 0 105.5 
2- Year Mill!! 61 .0 5 7 .2 122 1 1 1~.5 183 .2 171 7 
2· Yea r FP.male 2 7.8 31 .6 55 .7 6 3.3 8 3 .() 05.0 
3 Year Mill•• 59.8 54 .9 119 .7 109 .9 179G 164.8 
4-Ycar \llal" 59 .2 53 .8 11 8 .5 10 7.7 177.8 \61.6 
BullJ 34:5 1 310 .5 690 .3 62 1.0 1,035 15 931.6 
Cow~ 210 1 233.8 4 20 .3 467 .7 630 .4 701.6 - --· 

Total HDad o n Hand 999.4 999.5 1,999.6 1,999 .6 2,999 0 2,999.4 

Ani mat, Staughteredb 

Mah• Call 
Femole Calf 34 .9 28.4 69.9 56.8 104 .8 85.2 
1 Y"ar Male 
4 Y!tar Stmu 
Bulls 58 .o 52 .7 117.3 10 5.5 1760 166.3 
LAW9 2 7 .3 30 .4 54 .6 60.8 81 .9 91 2 -- ' ••w•• •• • 

1o!rtl Sla unr1t orod 120 .8 111 6 241 .8 223.1 362 7 334.7 

Value of Ob)ec t ivu Funttron $30 ,03:.>.40 $ 27,088.10 $62,0 66 .80 $56,176 .30 $106,5 52.00 S97,60:.J.BO 

NOT!: : Tre l~ c:k of proportronalitv W'len canrpiiion~; object ive fltnct,on val ues rn th is rahle rs d ue to diller ntproductwn rost c:oetrlclems !seP Tuble 2) 
, for eac h o f 1he three hCTd ~·.res . 

bHI'rd •tn• at end of wrn•er. 
All sllhJ!ll te r ' kes p ace '" Novg,mher. 

Table 4 . He rd Structure and Sales ; He rds of 1,000, 2,000, and 3,000 Reindeer (Steer Production} 

a 1 .000 "'e ndoar 2,000 Ri'rfldee ra 3,0 00 Rerndeer8 

Herd Structurn 

End-of Wrn ter HPrd 

Male C..lf 
fernale Calf 
1-Yt<~r M~lr 
1 Year r emalu 
2-Yea r Male 
2-Yrar F mall! 
3 -Year Male 
4-Year M31e 
Bulls 
Cow~ 

1 ot I e ot1 on H11nd 

An•mals SJau!lhtP.oedb 

1\11afe Calf 
f'emi!le Calf 
1 ·Yf'(J r MAl,.. 
4 Year Steer 
!:lulls 
Cm~s 

Tt:lr~l Sl~ughtered 

8 

Low MortalitY 

103 .8 
103 3 
93 .4 
93.4 
8 8 .1 
88 .7 
86 .9 

5 .2 
30 .5 

305.3 

999.7 

80.B 
5 .1 

86 .9 

172.8 

bHard lirnil at en d of w u11er 
4 t dsughtPr ta~~s pluc() l11 No vember . 

reflec:ttill in the largl• r umber of bul ls t ha i 
ar kept 111 the o verwn1te ring herd . Annual 
mPa t prod uct ion Involves the slaughter of 
f'Xeilss tllmales, calves. and cull cows. 

T •c valu e o f the objective fu nction 
(botlom of Table 3 J is an estrmate of net 
retums over vat able costs associated With 
this i)f"Od uction opt ion . F ixetl c os ts aru 
not if1~"1 Jrled and need to be subt racted to 
determint! net in con1eto the firm . Becaul>~ 
nf dlfticult ies ot estimat ing costs and 
t~tutn s for Al askan rein deer herds, thl! 
value of the o bject ive \unction IS. probably 
biasod upwa rd . Res 1IL.t are therefo re more 
tJSij [U I in det e rmining opt im um herd 
s.truaturcs. 

36 January /1981 ,-1g mha rea/is 

Htgh Morta ltC y L.ow Mortali ty Htgh MortalttY LDw Mort,;mtv Hrnh Mortalr tv 

110.8 207 .6 221 7 311 <\ 332.6 
11 0 .8 20 "1.6 221 .7 311 .4 332.6 
88.7 186 .8 117 .4 280 .2 266.1 
88.7 186 .8 177 .4 280 .2 26U.1 
79.8 177 .5 159.6 266.2 239.5 
79 .8 177 .5 159 .6 266.2 239 .6 
76.6 173 .9 153.3 260.9 229.9 
5.6 10 .<! IL3 15.7 16.9 

32 6 6 1.0 65.2 9 1 5 97.8 
326 .1 610 .6 652.3 915 .9 978.41 

999 5 1 ,999.7 1.999.& 2,999 6 2,999.4 

69 .4 
5.6 

76.6 

161 7 
H)3 

173.9 

138.9 
11.0 

153.3 

242.5 
15.5 

260.9 

208.3 
16 .6 

229.9 ...._ 
151 .6 3459 303.2 5\8.9 454.8 

In a second analysis (Table 4 ) max i· 
mum moat production is examrned. This 
Is doni! by arbttrenly lovverinq velvet · 
antler prices. Note particularly the change 
in e nd-of-win ter herd structure and annual 
slaughtllr. The nu mber of cows 10 the 
l1erds Increases while the number of IJu lls 
decreases d rast ically. Annual meal pro due· 
t 1on was fro m ste9r.; and cows. Calves 
were not slaughte red al tho•Jgh this h as 
often been suggestEl'd as the method hy 
which meat p roduction can be mox imiz.ed . 
With the animal carcass wei ght~ we have 
usetJ , iJ le inc reased number of ca lves does 
no t overcome t he larger adu lt carcass 
weights . However. m e reindeer carcass 

Wf!ights used here arl! estimates of fie ld 
weights on ly and 1urther data collection 
could cllan!]e he implied advantage ol 
adults over ca1ves. 

Nevertheles~. in order to determine 
herd structur~ under a program of calf· 
meat production. a computer rur. was 
madt- a force calf sl ugh t<>r in to the solu­
tion. This is done by ra1sing meo~l prices 
fo r ca lvP.s (Tablt 5) . Again , note how end 
of-wintP.r hP.rrt structme and annual 
slaughter have changed. Tl1is situat iol' 
requir"s the large$t number ol cows in the 
lvards. anrl oniv onough animals are kept 
in age ciDS:res beyond calves to replace 
culled cows and bulls. 



T11ble Q. Ht:ud Structure and Salos: Herds o f 1,000, 2,000. and 3,000 Reindeer (Calf Production! ------ --
1 ,000 Re,ndeere :!.,000 ~~mdeur a 

Prd Stt uC!u<~ 

End-ot-Wil,tet Her<J 

Ma C" 
Fer, h• Calf 
1 Y ... r Male 
1 Y ar Feme<. 
2·Y .;ar \<!ale 
2-Yei!r Fe!T'31• 
3-Y,., .1,11 • 
4-Yeer 'lllol• 
Bulrs 
Cows 

Tot I HP..IIrl 0 11 Haoo 

An ~ •h SlaugtJteredb -----
Male C~lf 
FerYoA Ca I 
1 Y~:11 Ml • 
.! Ye.J• S:t!11• 
Uulls 
ea ..... 

1 otal Slaugt-rered 

Lo.,. Mort.allrv 

160.1 
1oo .1 

8.7 
65.7 

8 .3 
62.4 

B 1 
8.0 

4/.1 
.::/ 1.0 

999.:> 

135.3 
78.3 

8.0 
6 .2 

282 8 

:H~tCI Jim t 01 end o w inter. 
Al l du-ughtar '""~pi r.t- '" 1\o\l'llrnbor 

Because we ha~o~r. 1,n1ut1 several prob­
larns and lintitdtions of thts linear pro· 
grarnming model of Alaskan reim.Jeer 
herds, au1 imrned iate p lans are to update 
anrl irnnrove the modeL The present 
modf I may be too stmplo to 1eprese11t 
ade11uamly ;m Alasl<.an rem,Jee r ll~rd. 

Howe vc>r, the muuel :;ao be improved 
~a~1ly . Fir5t the objectlv!! function Ct:P lle 
expand~ pro v1d ing tl1c hHrd own ... r with 
additional opt1 on ~ I h ,wl stt JtU.ne that 
coold be considt>red for nd•vidual hord 
rnamt!;emenl objectives. Addnonal ac ivf· 
ties that cou ld bt> 'ldde(l include the saftl 
and rurcha<>cr o f live rf'ind.,er and the 
~laUQh er of rerndeer at coho1 t groups 
o1 hHt nan : hose '1DW i'lcludGd Bo1 >·r 
HStllnates of carcass ancl V" IVPL ar ler 

we•ghl.l need to be tncorpu r!lt!!tl. In il dl­
tion, because Vf~ IIIGt antl t!r is not Always 
of untio rm q(Jtlldy, <md since ant lor of 
difi'lti 19 grades sells l or slpn 1icanlly 
ditter~nt pnces, inclusion of expected 
hilrvests o f antler of va rio s urades ·nto 
the obiect ive function is e-;sent;al. Fi ,,ally, 
the objective functio n can be ·mproved 
wrth l1'1ttP. I •lstim ates of p roduction cCY.ts. 

In p rovements in the ~poclfic<I IIPII oor 
cannnnnts o• the modPI are also needed . 
fhr~:K! i elude bette r da ta an calvi "CI pnr 
om ages, lmpr•1ved es l matl'~ 0 1 an ual 
Mortali ty of a ll 1:ohurtgroups lporlicularly 
calf mortal ity J~soc.tated wr th summor 
a•Hit!r harvestin~ l. and mod fi cations tn 

land ownership pa uerns or use desig-HJ­
tions. I addi lion, pet act iv.ty labor 

rP.-Quirements for hordin~ and handling 
and rhc manageme • needs of al ternat ive 
production <!c livi! es sho u ld be ind udod 
in tl e ' odel. Untortunatc"IY. t 01 hrs 
pap1:r , we werP. onlv a bit. to make U$ti • 

H gt1 fll.ortal ty Low r>.•ortillitY :-tigh MOrtllltV 

158.8 
58 .8 
9.5 

70.3 
8.6 

6:! .? 
8 .2 
B.1 

46.7 
467 .3 

320.2 3117 4BO l .;j76.6 
320.2 317 7 460.4 476.6 

115 19.1 26.3 781 
'3L!5 140 6 197., 2 10.9 

16.6 172 25.0 25.8 
124.9 126 s 187.4 189.8 
16.3 16 s 2•1.5 24.8 
16.1 16.? 24.2 24.3 
94.2 93.4 1 <11 3 140.1 

942 0 934 6 1.413.0 1 401 9 ----
999.5 1 ,0!)9.5 1 ,99B .5 2 999 A :2,999.& 

117.5 
56.7 

270.7 ?35.0 ·~060 352.6 
156.7 1l 3.5 :?351) 170.3 

11) 0 15.8 2<1 D 23.8 79 
60.1 172 1 121 5 18J.H 182.2 

242.8 565 B 485.8 848.6 728.9 

mates o l equlrcd sJa1 uh •'r .;bor. Nex,, 
sea~on<l forage re4u iremP.rts of r·:Hnd P.el 

!>l wuld I.Je a rcstrk·,on to the mod&l. n is , 
along wittl est mate~ of avai lab ln seasonal 
forage, should limit some ocfvities, Also 
needed 1r• rel1abl~ estimates c• -nach inery 
ancJ capital req1. rrmenrs of al·ematill4" 
act V IHS. F tnally, 't WOllld be U$dUI 10 

include ITlCasuti!bl ~ cultural conditiom 
that may lnni , any of thH modAl's activ1· 
ttes . 

These results ~hould prov irle in orma­
tioll ihat is 11seful to relnrle~ r herd o r,vn"t ' 
in ·he maflagem(!nt o l their nerds. T l1• v 
w~ tJsetul in prn111ding lJBneral dln<Chons 
under which ller d owners mi ~r t $ uctu re­
tneir ht>rrls but are ro~ i .tended to b 
'>Peci fjc a lSWC fS , flJ imanly because of the 
I mlta t10n~ of •h .. res!!arch noted previ· 
ausly . More lmpon"lntly. howevc,, thest~ 
resulrs ca11no1 flrc'lvrde 5IJI'C'. ri c answer> 

bCCilUSfl each h .. rcl own r is subject to 
Ull 'lUe ret r•l ptot)1ems and Clli!Chfiors 
whtch v. I nPVf'J ex.actly match the situa­
tion .'KSWnl)(! in the models 0 

L.a1 or·.l Nott:: riH& artrr:le is /iJr{Jely 11 summ.:11 
ut D o f • techwr:M p;tpru hy t=. L. Arallto. W. 
C. Tlron• s. W. G. Wnrkma•t. all of t/111 Aqm:ul 
·u,-•• 1 E)(oerw1~,r Srutwn. tmurle-:1 "¥ mt>nWt• 

cal Prt)fJ"'""T1Jrrq fDr Cmu"J••I n(l Miirr.wem•'"' 
Otmc ru m JHtt~ t1 H .ndeer H8rdrr1!) " mtl 11'" 
.\NIIt: I I t/1 SPcond htt~:•111HIC1n1/ R11mrlet>.'/ 
CMdJOu Symposium ''"'d !II Roro<. N()h111ly . 

S~<premb,ol 11·21, 1979. Fnr ll'lflrif .~t,rmllfl<m 
011 lmeilr oroyrammind • wull .u a mote rleti!tlt•cl 
de-scr/Cirron uf Ou; ramdeer lmP.<Jt pr0f1ram-nmg 
mulitl tlnl readf'r 1 1 •It rrl'd to .llrllhlfJ, t'!f tl,. 
1979 A;.r lrtul urrd He.iloy, 191:.1; ;md Bem~cke 

(lilt/ V'lmt••rboP.t, 197J. Photn t> .I Stf'PIIlli" 
Liw, UAf' Puultc AUiJ.irs 
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Plant Diseases-
Potential Threat to Delta Bar ,ey 

Tho Delta agricul tu ral project is the 
fitst lar!je-scale agriculture program spon­
so re<l by the state of Alaska. The purpose 
o{ this project is to develop a latent 
renewable resource in to a productive 
economic and social activity that will 
strengtl e n Alaska's economy th rough 
l,live~ihcation and reduce the cyclical, 
boom-bust nature of economic change. 
In the 1980 season, over 11,000 acres of 
the 60 000 acres of land sold in 1978 
wPre in full prod uction (Alaska Agricul ­
tura~ Action Counci l, 1980). 

During the p lanning stage of the 
DelTa agricul tural project, great attention 
was pa1d to its economic feasibili ty and 
to agronomic aspects (Lewis et al., 1979; 
Lewis and Wood in ~J. 1978). Ques t ions 
su ch as the possible markets for the pro­
duels and the cost of production and 
tran ~portation were ca refully considered . 
Mary ~a r l y-ripeniny varieties of crops 
were tested for their adaptability and pro­
ductivity in the Alaskan environment . 
Disease p roblem s were not taken int o 

• Assistant Professor , P lant Pathology , Agricul­
tl.r•l EKperiment Statio t>, University of Alas­
ka, Fairbanks. 
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consideration at this stage. Both barley 
and rapeseed were recommended as crops 
suitable for cultivation in the Delta-Clear­
water area (Alaska Agricultural Act ion 
Council, 1980). For several reasons barley 
remains the predominant crop in the 
Delta area-barley varieties mature earl ier, 
t hey are easier to grow and easier to ha r­
vest, and farmers are more fami liar witl-i 
the crop. 

Barley has bee n cultivated in the 
Delta J unction area since the 1950s. As a 
crop, barley is well es tabli shed in this area . 
Unfortunately, many barley diseases have 
also become established in th is environ­
ment. In the disease survey conducted in 
the 19 79 and 1980 season, barley stripe 
and barley scald were found to be the 
most common disease in the Delta-Clear­
water area (McBeat h, 1980 ; Wooding and 
McBeath, 1979)_ Loose smu t , ba rley spol 
blotch, net blotch and barley yellow 
dwarf virus disease are also common but 
to a lesser degree_ 

Barley Stripe 

Barley st ripe disease is caused by the 
fungus Helminthosporium gramineum 
(D ickson, 1956; Lenkel and Tapke, 1955; 
Shert leff and Bever, 1973) . This disease is 

spread ma•nlv by contaminated seed,. 
Durinq se~d germination, lhe stri~ fu ng'Us 
in the contaminated ~ed yrows and in-

Figure 1; A barley leaf blade displaying 
the tan-brown $tripe cnaractDristid of the 
diillil~. 



Rgure 2 ; Erect, empty headt (caused by 
barley stripe lnfect1on) scattered among 
heulthy barle y plants. 

\fades 1 he ti;Sslles o f young ba rley seedlings. 
Sat!till ngs m fect ad with baorley stnpe £1is­
llny narrow, yellow to ligh t ran stripo1' s on 
the blade and sheath of a leaf (Ftyure 1 ). 
Tho~f. st r ipes are parall el to each other 
and extend the entire length oi t hr. blade. 

As tll r. tissues wow older, th e stripes turn 
dark !Jrown in color. Splits often develop 

in tho center an d al o ng tbe len gt h cf lhe 
stripes which give the le af a shreddell 
aptJettrance . Barle y str ipe is a systn mi c 
disease ; t he growth o f stripe fu nnus 
foiiOio'JS cl ose ly the growth nf the d isease d 
plant. Therefore , it is quit~ comm o n to 
see a s·tri pe-infected p lan t d isplaying 
y1llow stri p ing on t no new leaves and 
dark b row n str iping on !he o lder leavt>s. 

A lthough spores (seed-like s l rtJc tut esl 
;;J re be ing p roduced continuously by this 
fungu s d uring the: growing season, bC~rley 
Sli 1Pl' d isr.ase lloes ne t spread fro m one 
plall1 to another. A t the time of flowe ri ng, 
wh!!n mo i s ~ um is <J1.•ailable, spores IJiow n 
by w lnd t o the he ad of heal lhy plantJ; w ill 
g~•mlnate and infact t he seeds. S tr ipe 
fungu s over-winte rs in the s-eeds, ho wever, 

it rloes no harm to the dormant seeds. 
Only when these contaminated seeds are 
sown In the next nrowing season, does the 
fllngu s become active and start the disease 
cycle again. H. grarnineum can survive a 
lo ng ti me ill the contaminated seeds thc 1·e 

are r~ports of stri pe fungus found tu be 
still viable in !he seeds afte r 5 years in 
"Storage (Nyvall, 1979). Losses causecl by 
this dise ase are du.e to stripe- nfected 

Figure 3 : N~o~w 011d old lesions caused by 
barley sc ald fungus . 

Figure 4 : Smurted h eads of barley. 

pi <Jn ts' producing e mpty heads (Figure 2) 
or sometimes faili nn Lo hl'ad altoge th~ i, 

and therefore no grain i ~ p roduced. Bar­
Icy :.tripe dis.casc spread s. most easily In 
cool and l1umirl WP.a ther (Tcviotdale an c! 
Hale, 1976 ). 

Barley Scald 

Barley scald is also a fun(JUS d isease; 
it Is caused by Rhynchosporium sew/is 
(Dickson, 1955; Lenke l and Tap ke, 1955 ; 
Nyvall , 1979). Even though contaminated 
seeds , vo lu ntary b a rlcy, a nd other hosts 
such as r ye and t) romr.grass can all se rvo 
as a sou rce of •h is d1 sease, the m a jo r 
source is infected fi lan t debris in the fieltJ . 
Ba r ley scald fungus overwinters on cro p 
rosid ues. In the $,pring, under cool, hu m 1d 
con ditions, R. sr1calis in the llebris pro­
d uces nume rous spores w hich are blm ·m 
by wind or sp lashP.d by rain onto healthy 
seed I i ngs. Thes~ fu ngus spores then ger rni· 
nate and invade the healthy barley t issues, 
which results In t he formation of la rgll' 

Figure 5: Dark brown lesions with weiJ· 
de1m ed m arg in on barley leaves, the 
result of spot bl otch fnfeattorL 

Ftgum 6 : Linnt brown les ions, caused by 
net blotch, Orl barl ey . 

lesions on ttu: ieaves and sheath of t he 
plant.. Lesions cause d by barley scald a re 
oval ar diamond shaped . Young lesi ons 
hay~ a water-soaked ilJipearanf-2 <Jnd arc 
a bluish-green 111 colrJr. As the d isease 
progrcs~es . the calor of the lesiOns tum:s 
tn Jrown a11d evomually to b leached 
straw, b o rdered by a blOW! I margin (F inu(e 
3). Wrnm mo1sture Is available, sc.a ld fu n-
~us at th~sP lesi ons lbotn new and o ld) 
alw produces spores which will become 
new somces ol thi s disoas». I rl Dolta , iT is 
quitfl common to see batl~v scald spread· 
mg ra pi£11V m t he f1eld after a few ra ins . 
When Infecti o n is he-avy, ph otosynthes is 
ot barley plants deql!ases drastica lly . 
Mor eavE!r, 1hc scald fungus causes a 
lurthe r reducrio n In yiRid by t11econtinued 
d(awinn of already impo\ler islied nutri ­
enl:5 fmm the reserve . 

Loose Smut 

Loose $ITiut is ca used by the tungus 
Us!l/agCJ nuda. T his is a soeo.d borno disease 

Figura 7: A ye llow dwarf vlnu;: infected 
barley pfant compared to a healthy !)lant 
ilt the lame 5tagc of development. 
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(D,ckson , 195o; Lenk I 'lllrl Tapkc. 1955; 
l'lvva I. i979 Shur It ·f 9711). When 
!:!!Otis are in ' f">r .,ge, 'oost• smut fun~ us 
loca ted in t e ''rrbrvo of Cie seeds 
remalns orm.mt. fec ted seed~ do not 
show anv ou t'•.rau1 \ymptoms, ad germi 
nation is 1101 affect1~d. Loose smut I~ a 
-sys;.omic disea<'l . L~oowes of lh . snl!Jn":J 
pla11 t are a darker gr r.n with vctlowish 
strea~ s u are more l!rect ~han healthy 
leave . Generanv ;.hese plarlts are wl!ll 
(teve 01- J nd compct•. VI!Jorouslv for 
nvatlobm moisture .md nutrients in so I. 
S nee lhese plants ·1roduco no grain and 
dep ri Vt! o ther plants, of nult HJn t:s. there ·s 
a doulllc loss i tet ms of potenr I yul lt 
from th . field . The smutted s 1ikes 
emer ' frum th hoot slintnlv carl ~~ than 
the SPI~ ~s 01 healthy plant>. Spo a 
ma~ t stea J or kernel:; are enclosed 1n 
fragi le white membranes which soon rUft-
ture (FirJUie 4 ). The l>rown to dar k·hrown 
dusty pon~s are blow" by Wll1d over tho 
ftold while th • healthy plants are f lower· 
iny. Sporl!S l'lf U 1WdJ which lodge in the 
SlJSCepttble bar I· v fl owc ~ uerminatn 
when weathL i5 cool '" 'd h Jmid and 
infect thn ker .!.Is. I oose .m Jt fungus 
becot cs dorm, n 1 n th':) ffiil" uing seed 
and its dcvelnpment In ·he ll"'lfr ctl!d seed 
resume~ with tho !l!!rmm.:mon and yrowth 
of the seedlm!JS. 

Spot Blotch 

Sput blotch t: c~usec by the fungus 
Helr11 m/rospro/Um sat m s (Dickson. 
1955: L nl<el and lapk;~, 1955; Nvvall, 
1 ~79. Shur ~leff ;:md Be~er , 1 973). Both 
conta1 ·ndtecl seed~ and cop rosidue can 
SlJ fVI! 'iS sources o this disease. Unlike 
oarl~y !.t •Pfl a 1 rl barlf'y scahJ, barley spot 
blotch p lers w<Jrn r r en tronrnents. In 
dry. '" rn so I spot h otr.h n the con 
tamtn.H l seed> frequently CJ ses s~ 
lmg hlight, cro •m rot, a~ i oo nt. Si Cf' 

tht\ weather In Delta 1~ cool, spot "llotch 
merely c .. ~t s s lea sy 1ptoms. On leaves 
pot hlotch appears as dar b1 owr lesion!> 

wrth wt II delined mar!)ins (Figllte 5 ). Thc 
>rze :mrJ ~hape of 1 hese ll!sio 1:0 vary, and 
:son,etimL t h• ·v coal~~ce · o form largt1, 
dry bl tc.he . Old1 les ons are o tve 

ulorc·cL When me s u re is avall<~ble , H 
satiVlJS 1 r >duces larqe r umbers of spare• 
which ~~ tllm t:an if'd b~ w111d to othflr 
pi!rts af thP. plant or m ot .-r 1lmns to 
start a nc \A. trfecuon cycl!{. In Delta, 
losses caur.ed by th is rlbea~e arc nllflimal. 

Net Blotch 

Ne t Iorch is cau, ·d hy .he funt u• 
lfelminthosporium ter()S ID1ckson 1955; 
Lenkrl drrf ap ke, 955, Nyv II . 19 79 
Shur ldl Jnd BP.ver, 1973). This tungus 
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over·Wmtcrs 11 see 1s and in PCt d l>nrley 
rcsidu II. reres ~ .o 1h 1"1 s I ' l t cl and 
humtd weather. ~\lhen mtt > Hl'~"'ltal 

conditions are favorablll. 1 o 
c:h.lr.ed in ahundancc In 1 t! spr1r\g rom 
con~ami nated seeds an(l trom nfected 
crop lt!siduc. These spates Jfl' borne by 
wtn J to heal thy i dl in 1s .-.111 lro they 
)IUt the infectton. NE w ntrc:-rio s occur 
so long as th~ wea 'ilr r<•rnains cool and 
n l'it. In rhe Delta are<~, the sympto­
matic disnltly of '1 ,~ I lc 1 "h i .. q" te imi­
lar to spot b lotch t-XCel l les10 s caused 
by net hlotc.h do 11LJl ha~tc deftnl e rnar· 
gins lf•HJtt. 6). Son-eumcs, faint, da k 
browr . nEt-1 ke patlems can IN detected 
in the!.e hluteh~s . IJ ~t blot I'! on barltY 
bP< . .lmnmor~; commu1 ·nth .. 1980season. 
/I hough crop loss. s caused bv tl is dis· 
ear .. are now f'1intmdl , then ~ 'o ~dran· 
tee lhP.y will rcrnain so tn the tutu e. 

Barl~y Yellow Dw~Jrl Virus Disease 
Balli:'Y yLIIow lwarf vtrus disease 

(BYDV) is th1 o1ly \'HU distase of baf· 
l<!y founr ~o fz:r thP Dnlta area 
(McBeath, 19801. BYDV is ammittcd 
by aphiili 1H~rber ar J Wrll, 1977). 
W":m ~ aP 1d wedr. on a dascasr..U plam, 
it becon e~ a carrier nf this dis ase Later, 
as !lle a phi I teeds nn healthy bar I!!V. 
BYDV particles are m fected Into the 
plant through the mou tnp· ece of tt>r~ 

nph d . BYDV mul tples i"l barlry calls, 
c, sing th~ •lt s~;ase. IJYDV also thri\les tn 

cool weathPr. 
When BYDV infection occurs at ar 

early 5\il ge of plant development, hatley 
plants devulop cxceS$oiV•. amounts or 
· ·tie rs and ore ~xtrcm~ly st 111~:<11 . Thr 
leaves show striking yellowish green 
b lotches (figure 7) Roo1 dev~.- lol)1"'1ent of 
The~· >lants is vo>ry poor aniJ I mitt:!d, and 
no sp kes may P.J orge. When BYOV 
in:ec ttol's occur at tt. lattlr stage of bar­
lev dcvftloprnent, thl'Y ca.Jsl leal-yellow· 
ing sym1rtoms, limiteC' sp kf' development, 
;:md ~ hJccd ernel fnrmallon and filling, 
all of w liCh resu i11 reduction In y "ld, 
At presP.nt, v ·ld los~ duu to BYDV tnfec­
t on is quite I<Jw. 

Conclusion 
For the farm•.r. d si!]rificant -cd ... c· 

tlor. in oroductiv i l y tree .. 11 rl y ma~ es tne 
diff<>rence be ween profit arrl l os~ . P ant 
diseases not o nly c01 se a r~ductlon In 
yiolo. out mav a!so resttlt in a lower q u11 
I ry of grai j)roduoe L An epidemic ol 
disease on barh y can effect quality 
th "'.JQI lo "'"' test .,..eights ami reduced 
prot'!l conwrts. 

PP sP.n•ly . b e;• e\1 sca1d and barley 
stripe ere two diseaSPs o f some impor-

tance (McBeath, 1980: Wocxhng and 
Mr.Bcath, 1979). Boll• diseases thrive In 
c:ool, h um d waatt er-typ'cal of we:1thc1 
c:ond1 tions m tho Dalta arcn in some years 
In t ile past. cltsPases such <r S scald, stripe, 
SflOt blotch, and net blotch hal/t: bee 
e t1ect!vely contr<JIIed by treattm st.'erJ 

wl!h lungicirJcs- conraitling m rCIIrv com· 
pounds. Howet~t:t . l)!CauSP. use or m rcurv 
in fungictdes has be•.r. banned, controlling 
these diseases has come to present a seri­
ous problem. 

Ono distrnct acivantag• tS that Alas<a 
IS ot the threshold ot agricultural flcvelop-
ment. ll we are careful in discaso manage 
mrnt, ve may not hava to face thl! p ob 
lems caus!!d by ~etr presence on a iarge 
scale. For 1mt;mce. seeds .awn on iso 
Ia ted, nBwlv cl~>. <'cl land 111 1979 we1 L! 

Dlrllfietl seed•. Excent tor a few C<~S8S of 
Wipu cod Stln lllotch tnfectlon, harley 
plants were quitt! healthY- However. in 
the 1080 season, many farmt1r'S uS&! sel'dS 
prorluc:orl !rom lhe tanrl without proper 
treatment, and the number ol stripe as 
well as scald rfec•!lfl plants increased 
si ln1f1cnntly (McBeaTl, 1980).CI 
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Rust Dis ease on 
White Spruce in Alaska 

Whtt" 'P' ICL 1,P1r:ea gl•mcn I Moonr I 
Vmsl Is th•' mo~t lmpr r <' t c'lmmerria 
trf'e ~p~cie~ in ntenor Ala$l<a · whtte 
,~n UCtl stands cover appra~imately 12,8 
mil lion acre~ d d form the ;:a.lest torr.s.t~ 
along the large 1 ivers (~ lutchin~on , 969). 
In the past, white. spruce in the 1 terior 
was ul>t!d ul rmst exc .. sively for the con· 
~tru~tton of c.ab m and orhur huild111gs, 
brH:Ir~·•:.., r orriu• ny mads, and the like 
IVI€'H'Ck ann Li tit.'. 19721. lm:rcas1nqly, 
wh te spruce has bol.'n sougl't 1 1 th~ intet ­
natiOnal rn<~tkE 1; MlOr of whitthJ.Hu<:e 
'!mlbr.r a11d chips .o ioretgn counrnns., 
tJspeci:~ l ly Japan . has lncmasad In r~~:en 
years, enh.mcinq it~ econo•ntc \•alutl 

Witc 'es' b oorn (Ctlrysomyxa r.m.:to· 
staphyli DieL), needle tusT IC. ledit:ol:~ 

Lo!Jf!rh.), Cilllfl rus~ (r:. pirolata \1\•mt.i, 
•md bt rd tust (C. woronini; Tranz. ) are 
·ii ei:ISilS commonly found on whlltl· 
s ll .,.._. tro~es. For 13xam~ e , in 1978 
ap 11 U"' i ~al!•ly 30,000 acre~ o1 wlmu 
sprue.- ne .. r Ruby, north o~ thP. Yukon 
' ''·'' I , wem found t o I n~ ! t'llViiY lOft'<" l"tf 
'Vi :h nero., tust lF JUre 1 ' · A needle-run 
e111rlern ic was reoor .e-d thD same year rn 
Dilltr gham In southccntral Ala~ka (USDA, 
Fore~t Sen•ice, 1979). In 1980, ne!:ldfe· 
rust ·nfes1:11tion was 1gn1n observed on 
whtte spruet1 111 hrqe Me<Js of, 1e ·nterior 
•md K n ;ll Jenl sula Need e rust of cpi · 
demic Dtoporttons was aiJ;o found ir lhe 
Sus•tna Valley, Seward Pi11\li15Lr il and i n 
southwest Alaska. Aht •l 11te l<u-sknk • im 
river, csoec1alh, tl1e olte ch of 320 mtlns 
loetwean l:!ethl:l ar (J Sl mey rivLr rr ucn 
trN~ werr. su lwJvl ly infect.: cJ With rust 
t llat the orar1l colorerl $pOi~. released 
-torn the infected tree not only covrnP.fl 
the surfae43 of otiler vegeUJtion but also 
ch qed · na color ot mnny r1ver J and 
I:Jko>s. Conr run 1~ Q(So prevalent in spruce 
sta"tJ in Alask <l In a 1970 .St!etl produc­
tion study , co u nn• Ni'li observed nor 
~n 'r' .:~n t~, n 'l th Jnd sot.L'1 slopes of the 
Alrrska ran'Je bu 1 alst:l covrH •. d all of 

• As.;.o~ant Prclosscr, Plilnt Pathology, A1Jricul-
1ur •I E:xp~IIm•nt Statoan, Univustty of 
AIDka, F1urbanks.. 

,lenlfer H\H:mg McBeath • 

mtnl io Alaska ;:;s I nr 11(1rth as the Dretnch 
ver vfllley at Whemar. iZa.snna a t al ., 

1'178, In lhe Iiiii o f 1978, iln Oltrhreak o r 
Nhite spruce con~. rus \ il, obsf'r 'ltltl near 
Tyonek. In the l<ll. uf 1980, il he.J\iY 
intesti111011 of cane rull •!Vas observefl In 
rn;111y spruce stands around thP. i'alr r e r 
area, 011 the Kenai pcmin~ula . and <tt 
V'llr et. . 

Eftr.ctiiH~ rJisease management ir. an 
e5se mol parr c,f good forest monag(mle·tt 
St cr. rusts , rrs a group, "'" ·tte rrws wlcJ~­
SI)tl!ad tl sea~es. tounr! on whrte ~ ,n ce, 
t~r.agoi; ng and undar~t~nding .nem I~ 
the Firs.t ~tcp '' d1;easft t• lana!]emenL 

Symptomatology and lnfocuou$ Cycle 
of Wtuto Spruce Rust~ 

WhtW sp uce rust 1J1~t· ts~~ are cau~ed 
by t ,st ngi. rnes~ rusts have o very 
cont~' ex life ~ycle ; II'! 1rder to c:omph ti! 
thP.tr !ife c:ycl.e, not only wl11t11 sptuce out 
, s0 ar. alto" -lt" host , un telrlle<l to wlut~ 
~pruc~. is 11ee1J.,-•L Spruce rust fungi 
generally have f ve spore >tagcs. Al each 
:>tage, o;pores (seed-like strucru E!S) of dr5· 
tinc• iorm Hlll fun•:t"on are J)roduced. 
Spermogon tB (pycr IEJ I and aeciil a re lhe 
two sporr. s.ta~ rhat occur on w lt ite 
£p•uca l:lt'P..S . 

Watches' Broom Rust 
Till alternato host of spr.Jcc witches' 

broorn i~ bear hert y (Arct(}<lli~fJ/lylos 11v.~ 

ursi l L I Spreng l (Peterson, 196 I I 
Witches ' broom s thP unlv spruce-rust 
dtse .. sc r.:nown t) be ablt' tc. perpetuate 
.tsclt on sptUCI!. Onr:c thl.' hmom has 
he::omo rnabhshcd, the lnfccnon re-
appears even, year . 1-tistolo~tcill :aurl1es 
h<WP. st ow the pro3~r.ncf! of rus t mycP.IIum 
(a tilnpleL rnass (i( thre?.d liln S1ttJCtUr8& 
which compose the bodv of the 'unguol 
in the '11tJrh;tenlic tt!>sue nt lhA lJOUpt!rtt·t..l 

bud on the hroomeci brn11~hr;~ ; thrs s o·1o 
in(!ie<~HOI\ tl·at this rusr o~erWirlttw in 
th ~ rnvcelrum form . 

n1 S n1st illl<lCkS th~ ~pruce trees 
Prrma1tly on !hi! 111111 , '-.<l J~ing nil nllllor­
m,. pro! t~rcltlon nf brsncht~ (Frgurc 2!. 
Both lnternodl!s and needlt!S o th :..e 
broor1 branches Dr~ sl1or1er than noun. I. 

F om the end o f June unti l corlv August, 
t~ sporuh:Jtlng ar:u:rnsor i on tne t'eedles 

~ol nrs thf' 1hnle hrnom a stnk ng orango.;. 
By llw enu D 1\ugust, 1111~·dl~ tall o n 
t €' l.roomed n.·anches . lhf' broom then 
h.1 .. 'l nnl.;f rl de;ullo•"lking app~c;._ 'ilnco and 
1~ fiiHJUently mi tak n to 1 Lr ,j-1 or squn­
rP:t's nest. 

llle r!evelop!llen t of spermogonta Is 
svnchrontzr.d with t11i!l of Lhtt host tissue . 
in rnid·IVily, tiny, yeii0\"\1 spertno!}nrtlH 
nppear in the stoma a reqion of tl1e needle 
as hue; on the hroorned branches unto· d. 
In appr oxtmiltely 14 days, spermoqonia 
T11ttlUre and tJrn I aht ornng~ 11 culor. 
E rh sptorrnogontum lllfld J< s 11 y, cotor­
le~ q>ores. c:a lcJ ~pur Ill 11, • o1ich are 
-.xuded from th ~SOli (<t Srllall, bltstl'r·ll e 
li,srunl as a shtnlng tlrop. ThesL exuded 
drops express a s trOll!!. swec~ odor, 
characteristic of spermuqonta ot all 
spruca runs. Spermogoni~ ot w lches' 
broom usually rematn ac• tor <iPOr t)l(i· 
m.:~llily 5 to 7 days ann thLn grar1 ally 
shrivel mro t ny l:llnc~ sc;;r~ {Fig:.~rr 3 l A 
P"'riOd of 14 days PliS$1:1< ll€fotr> the ~~'l'f· 

g .. mr.e of 1!11 next stage of the u sease's 
devdorm1tJilt, r~eci" on tht 1wetJI ~ . Son 
associated wl Lh aecia aro ll11gl , Yt>ilfllll! IIi 
r.olor, surrounded by a wl1 i Le membrane 
nailed peridium. When :nature, many 
orungc a!!ciost)or~ .trc produced from 
thssc sor i I Fi!)urr. 3) A Pciosort usually 
n.!ma n active urml ~arly AuCJust for .:1 

wu;l of 5 week>. By lutt:l AuQlJ<t, these 
ncedlt. h, \'~ shnv~>IF.'r .. nd t,1 le• lrnm thu 
bwom,.r: branches IMnBeatt, 1 978a) . 
It\ . tct e> • brootn ~IJS l tlrpiP.tes the nu tt It n ·; 
from rht! spruce trPe, but ir .-lOt r l>t e<lltse 
the death of the trr.t d IIKtly . Tht" " t .. "!!:S 

lh:tl are heavily mfef re :J with wttche.~ 

broom rllst ~eem Lo be more ~UbJP.Ct to 
w•ntcr ktll. 

Nl!lldill Ru$1 

Needle rust tS an annual rust.; tnfec­
tton ha; to he ren~wed e~f'ry year from 
rust on labrador-tea \l.l!JIIm de1.:wnbens 

IAII.I Lorld., L. gr(JenlnnrtlcoJm OedP.t.). 
The rust Cl\lt'rwinter, on labr,mor IP<l in 
mycnllurn ftmn (111 the prev~tJ\J ; yl!ar•s 
lt!nves (Figure 4). 
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Figure 1: An ae rial photograph o f a 
needle rus1 infected spruce fores t near 
Ruby. 

In early ;ummer, under favorable 
cnvm111mental condtttolls, spo res are 
d sseminAted from labrador tea to the 
tender-, succulent, new spruc:e needles. 
Sma I y~; · tow fla kes at lht: stomata reg ion 
of these needles are the ~·rst sign of infes· 
tation As the discolored atea gradually 
expands, a sl tylu hypotropny of the 
1nfecfed tissue also occurs. The sperrno· 
gonia .at the stomata region of ne needle 
reach lh!:'il sporula ting stage 1n early July. 

PP d ia-clad aeciosori start lo emerge 
lrom I£> slomata region In mid-July . B>y 
lam July, massive rltdCJish-orange aeclo 
spore~ are relea5ed. Acciosorl remain 
active for ano thP.r 3 or 4 weeks. The 
·ntected need les then gradually shnvtJ 
and eventually fall rrom the branches.. 
When the infection is light, new shoots 
, till sprout from theso branches. However, 
n the l'llf'nt of 1eavy 111tection {80-1 00%), 
the bnmr.h remains oare th roughout its 
hfe (McBeath, 1978b) (Figu re 5) . Needle 
rur.t not only depletl!& rhe nutrient but 
also reduces the reserves of the tree hy 
causiP!J ,Joss of nilcdles In tall. Wnether 
ti is disease also reduces the ability of 
these trees to survive the winter is still 
unclf'ar. 

h 1978, another needle rust dis0asc 
an wh te spruce wa~ found near Tyonek. 
The symptom d splay of th i!> rust was 
very ~amrl ar to the needle rust caused by 
C /edJcola. However scanni ng al ec:tron 
ann liiJ 1 microscopic studies 5h tJwed .hat 
the aectospores of this needle rust were 
smal.er a·1d the ornamentation o f t he su1 
face of the spore was atso diHnront . The 
economic importance of th is rust is sti ll 
not clear. 

Cone Rust 
Wer- loaking cones are usually the 

Prst md r.ation of cone-rust infestation. 
lr, early July, yellow spermogonia appear 
on the scales of the new cone. The cones 
ilre covr~ed with slimy exudates which 
g1ve them the wet <t ppearance. In law 
July, large aeciosori appear at the dorsi!! 
(outer) side of the scale (Figure 6) . The 
signs of infectton become more obv"ous 
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Figure 2. Abnormal proliferation of 
branches on a ~pnu:e tree caused by 
witches' broom rust. 

in tha aecta stage; the coni:! i ~ covt!red 
wtth powdery bnght yellow .aeciospores. 
Aeciospores also fi I the spaces between 
the scales {Figure 7). The scales of 
infected cones open prematurely and give 
the cones an 'old ' look. When it rains, 
these cones absorb moisture more rapidly 
and develop a waH r-soaked appearanr.e 
wh1ch can be recogniz&d readily 
(McBeath. 1978c). 

Seed produced from lntectttd cones 
are considerably lighter in weight (approx­
imately 112 the wl!iqht o t healthy sN!ds). 
but t hey are no dlffertm t ln si:ze. The seed 
coat of these seeds rs light m color (yttl 
low to light brown) (F tgure 8). Seeds are 
also very tragJie anu vulnerable to mechan­
ical forces, pariially due to poorly devel­
oped seed coats. Cone rust has a devastat­
ing effect on spruce-seed production . The 
mortal ity rate is almost 100% for seeds 
produced from severely affected cones. 
In cones wi1h only m inor infPCtiOns, Jhe 
number of 111able streds produced is also 
considerably decreased (McBeath, 1979c). 

Figure 4 : Needle nut on Labrador-tea. 

Fiyure 3: A wrtchcs' broom infected 
spruce needle (12X 1. 

The alternate host of cone rust is 
wln Ll:lrgreen (Pvrola grandiflora Radru~ .• 
P. secunda L.) (Savile, 1950, 1955). 

Bud Rust 

Ot all lhe spruce rusl i11 Alaska, bud 
rust i~ the least known. In rhe pas1 . bud 
rust was believed to attack only needle 
buds I Kuprevich and Transhel . 1 957 ; 
Savile, 1950) However, our recent find 
iniJS inct icotll h burl rust can also attack 
;emal~ cone buds of sprue~ trees. The 
rust Bl ar.ks primanly 11'1+' terminal leaf 
l>ud ; but occ-a~ior ally it also intEYcts one 
or two lateral l>uds (Frguru 91. Bud-rust 
fniection bt!COmes visible ,,. late May 
when bud~ of sprue~ trees star I ro unfold. 
ln$tead of the nor mal green young shoots, 
the ir fec ted shoots are bright yellow in 

Figure 5. l'llndle nnt inft!eted tpl'uee. 
The twig on the left shows the present 
year's infection; onlv the current year's 
needles arl! infl!cted. The tw1g on the 
right wM h.eaviJv infected wrth needle 
run in thB previous year; the branches 
are bar~ <md no new shoots l'lave sprouted 
from them. Both samples were collected 
at the same time. 



Figura 6: Run mfecled cone on whrt e 
spruce. 

color and severe ly s tunted (McBeath , 
197CJn, Savill:!, 1950, 1955; Z il le r, 1974 ). 

Small spe rmogonia are found exclu· 
sive•y at the t ip region o f the need'ss. 
Aec1a primoidia , seen as long, y flllow 
snrakr. beneath t he four bands of s toma~a . 

give the needle a rlls lnctive yellow color. 
By tMrl y J une, aec•oso ri emerge from the 
hosl t •ssue . l a rer, rllr~ wh1te perid ial wnll 
cr<J~ks ancl releases many bright yellow 
aftCiosoores. The aeciospores re !T'ain 
acuve unti l m id ·J U y ; then the infected 
needll! becorn f)S dehy drated (McBea th, 

19791>1. 
Frequently, one or two o f the latm al 

buds p roduce shoots: some were health y 
l0o kmg, bu t more o ften t hey were small 
ahri twisted. Nee ldes on the ab normal 
branchg;. fe ll in autumn 

On f lowers, burt rust attacks m amly 
female co nes. Clusters of spe rmogon ia 
ap pear in late May on the d orsa l (o11terl 
sidP. o, t he scales of the infec ted cones. 
After sporulat ion , these spermogonia 
shnvel and turn to sma ll b lack dots. 
Aeclosori then ap pea r. Brigh t yellow 
aeciospores a re re leased from t he natu re 
aeclo su ri late r, permitt ing easy recogni· 
1ion of the infec ted cones 'F igu re 10). 
Bun rust aec iosor i are lo ca ted on hoth 
dor~al and ventra l linner l sides of !he 

Hutch'nror , 0. K. 19 67 . Ahtskil's Forest 
R.,,.,urce. Pac:ihc Nc [hw.e~ ForP.st ~nd 

Ra<~ue Expe 1rr ont StilliOn, Insti t ut e of 
Nor111 !rn Fares<rv, U.S . ForP.st Serv1ce 
Resource Bul ~ti t r WN 19 , 74 p. 

K rnmt•v . J. W., and L.A. StP.vP.nso n . 195 7. A 
fot~l d 1sease sur v v of Alaska . Plent D1s· 
ease Reporter, Ep•demic• and ld P. n [•f1cet10n 
Sec Suppl. 247 :87-96. 

Kup• ~ eh , V. F. , an.d V . G Transhe l. 1957. 
Rm• fungi IN : Crvrnogam ic P lants of the 
V SSR ed. by V. P. Sav ch, Vol. IV, F tH y1 
I 1) 

Mcfl~·•lh , J. H. 1978a. Scann1ng P.IP.ctron <11'td 
I gil• m•croscopic ; •Jdi HS of spruce witches' 
broom rust ciisea\F. nf ln [erior Alaska. Phy· 
tOIJh atholoqy News 12. 7 1. 

~c:Beath , J. 1-i . 1 978b . Scann1 nn eleatmn itflci 

I ght microscopic stuciies of w h1te sprucll 
n adl e rust o f 1n e11 or Alaska . Phyto pat ol­
ogv News 12 : 169, 

McBelilh, J. H. 197Bc. Scanr'ng elec tro n and 

Figure 7 : A d issected rust infected co ne. 

Figure 9 : Needle bud infected with bud 
rust fungu s. 

scale. Bud rust can stunt the growt h in 
seed lings. Because no viab le seeds arc 
ever produced f rom bud rust-infected 
cones, this d isease can a lso redu ce seed 
production. 

The alte r 1ate host of bud rust is 
be lieved t o be labrad o r- tea (Kuprevidl 
and T ranshel, 1957; Savile, 1950, 195b) . 

Spruce ru sts a re o b ligate parasi t r s. 
Since t hey d o not cause the immedia te 
dea th of the mfet:ted t rees, spruce-rust 
diseases have largely been igno md in the 
past. G rven t he increasing econom ic va lue 
of whi te-spurce fores t s, more in tensive 
methods of fores t management such as 
assessi ng the losses ca used by va rious 
diseases , may be necessa ry in the futu re. 
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To d ate, the \1eogruph1c distri bution 
of ;pruce rusts In A laska s sttll lOt fu IV 
known, ·,ro,mat'on provirteti f om out· 
IJreaks of needle J nd cane-rust d iseases 
· nd1cates tnat tho dtstnbution o f these 
cf .eases mwn be 1 u•xc wide. Slnce t h ase 
rusts Ciln also CllU St' disca'i-P.S on hlaclt 
spruce anri Slikn ~PilJI:tl, their t!conom c 
value iiS wel l as their ·mpar. on the 
Alilska ecosy~tem mav be qurte signafi­
can l.ll 
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The Persistence of the Herbicides 

2,4-D and Picloram 
. 
1n 

A askan Soils North of Latitude 60° 

by 

W1llaam E. Burgoyne• 

Ttltl hertJicidcs 2,4 0 (2,4 Dichlorophenoxyacetic acid) 
and 2,4,5-T (2 4 ,5-Ttict lorpnenoxy acetic acid) l'l 1/t• b~:em used 
~or (!Qhr of-way brust control n Alaska ~~nee th~ 1950s (A.R.R . 
and D.O T.) and coot•1butm::l to econom1ca! maintenance o1 thr 
margins o f local a rports, highways , and railroads . 

>-Jowcvor, sint'.e 1970, the public ha!> cssociated botn these 
compourds with A~nl Orange and Ag~m Blua, us!!d as defoli­
ants w the Vietnam Wa~ . ir add"tion to h aving this negative 
Image~ 2,4,5-T contains the t ox ic contaminant, TCDD (2,3,7,8 
tetrn·chlnro-dibenzo-p-diox•n I 01 'dioxin," tttat in m htary 
tormulations was allowed to exceec1 200 parts per mlll1on 'ppm). 
In 2 ,4,5-T pro{lur:ed far domestic use, TCDD is not nllowed to 

• Pas.tu:itlft UP Spuc:.iillist A li1$ka Oap~ rt ment of Environml!f'l\81 Conll4!r 
vation. P.O. Bo~ 1088, Palmer, Altuku 99M 5 
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exceed 0.5 ppm !Council tor Ag Science and Tech .. 1978). 
Urfortunatelv, oue to the COIT1Jllt!~t manipulation a1 chlorine 
atoms rPQl11red to produce the herbic1de, It :.eams '"likely that 
the contaminant wilt bl! reducoo to zero. In 1979 2.4,5-T was 
bannl!d by the U.S. Enviii"Pmental Protection Agency (EPA) 
e)(cept for a few spnciali:t~ uses. 

2,4 0 is. not known m contain TCDD (Cou'lcir for Ag. 
Science ancl Tech. 1978). It ls l'leing studied f01 r:ot amlnants 
by L ,f:l EPA ( 1980), the manufacturer ancl many univers.itJf<S t ut 
none of it~ byprQ(1Ucts and interm~diute metabolite~ seem to be 
In a class w i1 h the toxicity of TCDD. It is 2.4-D that , in vanou~ 
tofmulat lons. is cons1d!!red the herbicide of choice tor brush 
control 10 Alaska. Because ot th!)•r chemical relot1 on~hlp and the 
similarity of the two nam~;s, ? ,4-D IS not <llway~ distmguished 
from 2,4 5·T by cttrzcns co· cerned with th~ harmful ctii:!Cts of 
thl:! latter compound. 



Figure 1: Sp(aving the right-of-way of the Alaska R R. near WMII Ia. Tne truck it adapted to ride on rail or h1nhway and a boom may 
bo fi rted to tp ray both tides at the track. 

P icloram is a compound whose acute oral toxicity to 
mammals is in the same range as t ah le salt (Thompson , 1979). A 
s.afe and effectiw bn.sh-control agent, ., is oftl'n m ixed wit h 
other herbicidrs. In his class is TO RDO N 10 R] used b y 
both t e Alaska Railroad and tne Alaska Elepartmo'nt o f T rans­
portation (DOT) lor right-of-way brush control The u.ual mix 
of TORDO N 101 ce r tains 10.2% p icloram, 39.6% 2.~ D. and 
50.2% iner .ngred11 1ts. The acceptec fo rmulation for Aldska is 
one ll<l llon of cone.. n trate in 99 gallons of watf'r app lied a t 
spray~r speeds that resu lt in an applica tio n rate of o ne to four 
pounds of active ingred ients (a i ) per acre. 

TH E USE OF PHEN OXY HE RBICIDES IN ALASKA 
Tl1e major use rs of p hen oxy herbicides in Alaska are t he 

U.S Forest Service, t he Alaska Rail road and (unti I 1978) the 
Alaska Department of Transpor ta tion {B leicher et al., 1980). To 
a l~:sser ex ten t. t hese compounds are used by the Federal Avia­
tiof' Agency tor airport and navi gation ai d mai ntenance, the 
ml 1 i.il v tor ground~ and serv ice road b rush control, and private 
cor~=;orations to con-rol unwanted p lan t growth around indus­
ttlo ~· tes. Alaska's farmers may use 2 ,4-D to control perennials 
<~n woody plants In small gra in c rops. The " D" compound is 
often the active ingred ient in weed-control m ixes for home­
garden use. 

Many Alaskan o rganiza tions have ex pressed concern for 
the effects of the phenoxy herbicides on h uman and animal 
heal''"l and, in 1977 and 1978, b ills were introduced into the 
Alasi<d State Senate to forb id or rest rict t he usc of 2,4-D and 
2,4,5- wi th in the state (1977). In an ana lysis of these bi ll s sub­
mitred to the legislature on March 14 , 1977, t he Departmen t o f 
El"'vlrnnmenta l Conservati on opposed tne legis la t ion. The 1977 
b1h was not re po rted out o f committee, nor was a 1978 rev ision . 

On May 11, 1978, the !l<lYt r 10r wrott to tht: com miss ion 
e rs of the Departmen ts of Envrror ml'ntn ConserVdtion a l(f 
Transporta t ion and P· hlic Fac ilil es tl r~ctino : ·• .. . t ha t the 
(departments) jo"ntly or~sent. . . ptar for ICsl i g (phenox y) 
herbicides d~.or"ntt this summ"r f)('ri od c tlla s.o e Jefn itille 
decision can be made L,;ud 1g th r ust or IH)II ;e \'" 1n the 
State." At the same tl...,e DOl Div1sion of H igh~ays was 
d1-ected to refrain 1 • .., ig 1 o w y ~~ ra., 119 ntil the study 
was complete. 

METHOD 
Experimental dcslgr paramr rnr s usecl in our test ing of 

t hese herbic ides a rc as e>ll )ws: 
To work mai nly Wllh P h,.rnit:ide TORDON 101, ar· ix 
of 2,4- D and pidoram usrd for IIQI11 of-w JY ~l)rilying by 
many s tate and tedr.;d! ngenc es , 
To SP.t plots in three <Ired~ .., th~ state : n er.or Alaska, 
sou t hcentra l anu ,nl t 1ea;;t Alaska, 
To sample soi l5 and unalyzc ,, p!' .ttcrde residues ;;t 
periods of approx·-1te1y .-.c 'lour:;, two 1 onths and one 
year after applicat" on of a labe '-recommended dosage . 
ThP. herbiCides we e to b- appl ied a• thr rat" and dose 

recommended by .., m anufact trP.r. Spr.Jy 011 IP'IIent a11d 
chemicals were to be provided by rtu Ala .<n 0 1v sior o f High­
ways. Although thr r s~ ay ~ rog m w 1s " affec cd by the 
governor's order, the manauement oT thr> AI .J(o(.i! R lilt oad otfered 
to support in pa1t the stuc, es dr' d1 d 1' th, paJJt r. 

The experiment1l plots ~~'"Lted in 1978 wPr" loca tH 

along seldom-usrd service ro ads a• tht Anchor 191 1nd r airbanks 
In ternat ional A rp01 .s. n cooperat1 1n wi th I hi:! Alaska Railroad, 
a study site was located along tt ma· 1 r c <. at ..,ile 162 ne;:u 
the town of Was illa. All it ~ Mt nn I ·story o f baing tr.eat ed 
w th herb icides. The US Forest Service was unable to schedule 
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Figure 2: The Anchorage airport Tordon 101 efficacy test plot, 
one month after apphcat ton. PluJ 80% of the vagetatton has 
b rownerl-out but there has been no leaf drop. 

a test i southeast Alas I< a In t>lther 1978 or 1979. Division of 
H·grw .. · ~ cr~t~JS and sp dY equ·pment v..<>re assignP.d to the air· 
port plo s. T~e spraye t~scd by the ra·lroa( is shown ·n r· 1ure 1. 

Prior tC\ spraying, con trols wer~ takP. n at the tils• m e. At 
thrt!r! loca tions to be treated in 1978 and the one location 
·pra-y,..c:t ' n 1979, hol~s werL dug ro a dnp~ or 8 i11ches at three 
ra rdar"'ly select1 r s tc< 1nd a soil mix placed Within a single 
•ji<~:Ss "'O td n1 r . All controls proved n11g.1t1ve for phenoxy herb i· 
.tdes 1rvht-n anoly7ed ::JY gas chr'1matogrilphy . 

Post·arpt.c:~tion &amples were taken from an 18-inch 
.ouare of so il not protec ted by vegl?tatlnn. A soli m ix was trans· 
ferred to a gloss contmner fro m the top 1 inch of .oil :md from 
thp 6 to- 8· ncl1 leve• !except for the m"tia colle r.t lon when the 
cleeper s.~mpl ng was omitted). Th is was done once alon\1 a I ne 
at a righ t an!J ie to tile center line of sprayer movemen t at 
distances of 5, 10. n1 115 feet at :wo locations set approx·mate· 
lv 100 eet apa t. Tlms the test hnes in 1978 wPre rep r cated 
twtc..: • nrl the soi ~d 'Tl~ es twice -for the ti rst samp1ing ond four 
ttme· I 11 lhe seconrl and 'md. In 1979, -he samples were i:l mix 
o f soil u .g ;rorn t ,, ~ rfacc to tho 8·t "h le vi:! a locat1ons 5, 
10, , nt 15 feet trom center li nP along a s•ngle, right-angle hnc. 
A~ here wt•e no r"phcatrors, t e area from w ich the so1l mi x 
was col Acted was ncrensec1 I rom 18 square inches to 36 square 
inches. The gLass cort.:.•neh were 1- o r 2-pint amber, screw-top, 
xylan11 washed, wide· nouth laborato ry jars. Soi l sar nples were 

Figure 4: Close-up of dussicated a lde r leaves one week after 
Ammate-X applicat ion 10 1978 Anchorage atrport Plot (4 )-(4 ). 
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Figure 3: The autt or d igging a soil Jample from the Tordon 101 
plot illustrated in F igure 2. After ;sn rnterval of one year kill i~ 
100% on brush and leaf drop is almost total although the loca 
t1on i.s sheltered from the ' md. 

trozen With n 3 hours ot ~r l~ct on and shipped tro1en to th ... 
Depar tment a• Environ• 1. la Conservation's Doug! a~ labora­
w r 1 for transship'l1ent to an EPA-approved, comme c1al labo ra 
tory. D"partment sample custody l)roc:ettures w"rc obs.erved 
throut;~hout lhe study. 

Th~ f irst TO RDON 101 application was made at Mtle 16 2 
of the r.H iroad nght-of w v on JuM 9 , 1978, and was sampled 

Figure 5: The author impects thP 1978 Anchorage airport 
Ammate-X ten plot after one year. Note the total leaf drop and 
the absence of grass. 



F<t1rbanks 
'I O·ft. ~wr.th 

:?,4 D --·-1·:55 tb/A-al 1 

iJiCioram 0.395lbl A ai 

Table 1 

Anchorage 
20-ft_ swat:'h 

I 70 lb/A ai 
0.433lb/A a1 

1 J'OU~'<1i pt-r acre of act1ve , grrdumt 

MIll 16? 
20-f•. swath 

1.55 1b/A ai 
0 .39£, lb/A ai 

at 2 nours, 14 dayo;, a1 d 75 rloys. On July 1 B. 1978 ar1 apl)llc;· 
tron w as made by Davi sion o f Hlgl'w ays pe ~annP u· Fair banks 
lrnernRtlonul A1rport. Soi l sarr pies Wllra co l ected at 2 ours, ?3 
clay~ ar1d 51 day;;, A hird plot .... as estahl ~t,od at A nc horage 
ln-t:rnntl onal Anpot t on August 1, 197 8 in coove • ~t1o n with 
DOT , ra I 1'1 ttw soutocentral teyi on a f the D1visron o f Hl(]h­
ways. Soi I si!mple$ wrrt collected at 2 hours, 16 dnvs, and 43 
days For all apolrca ums o f TOR DON 101 the conCtlnllate was 
mh< .. C! ;n a rate ot I qallon n 99 g~ Ions o1 water . All th ree 
spray rigs u~e p is on numps oower'ng boom anrl n oz71 .lttach 
ments b ut for out esls the herbicide was ap!Jiietl lhr ouqh hand· 
helcJ pressure ·,os.es used fo r spot spraying. 

An ;m ~l ysis of our 1978 d·Ha d~monSlrated t nat the s<Jmp­
lina ir ll~r~Ais on all our plots wen:: lou fa r apart to m o re lhan 
ihlliGate the pr~s ~mr.u or absence of pestic ide 1e~1dues ;,1 rhr rnd 
ol Alaska 's ~umme1 s11ason. Wr. then decided ro (,onc~nlrate our· 
1979 nffo m on a s111qle plut anrl sa rnplc It fo r soil re~idiJ~ at 
1!11~ v .. ls fr.,quent enough .o IJrovid e !(!suits umenable tu graphir. 
reJ)rtP!& tation. A plo . was ap plied •n coopf!ra· ior witr the 
Alaskd Railroad or 1 SP.Ctlon of ngnt o · way 1e:11 the village ot 
Eklutna, 30 miles north of Anchorage. The swath was 26 by 
200 fet>t anct th{; so·l silmpll's WI:! I e .-;oller.ted a11d processed as 
described above. In 1979 sinqle, 1-year san pies were coll f' ctr!d 
from rhr. Anchorage and F a1rbanks ai port plo1s. 

RESUlTS 
Ia, our experimenta l dcs1gn, the swath was calcu l at~;d tu he 

50 Jt?e t fo r all h P. rb ir ide applica ttoi!S . Howi'Vor , bociluse the 
fi x~'d boom and evi l! At 1 tngemcflts of the tnree spray!l rs to 1Y: 
use1l were tilffcrent, we hart ~acll cooperator •prcty •he plot~ 
wlrh , hnnd held ose. By an an a ysi~ of tf' · rr.sfdues recover~>ri 

from tne soil sampll's taken a 5-, 10-, an 15 to 1t intervah; 
acto~~ the swa h , i W<i~ evtdent that me spraymen i Fairhanks 
.1ncJ A nchomge Ulied very tlif!erelll tP.chnique~ to obtalrt a swath. 
In Fdirhanks, lhr mtt1onty of the heroic ide was appli P.d wi thin 5 
feet of the road, while 111 At1r.l1ora!llJ the applicatton reachecl to 
15 feiH ;md beyond. We were forced to e5t imam the swilth wid th 
from the subsequLnr vegettJtion kill 10 fer'! ' 11 Fairhanks, 20 
feet in Anchorarte, 20 feet at rai lroad miie 162 ( 19781 and 20 
feet a1 Eklutna ( 1 979). · 

Cor rected for swath w•dth and n g speed, tne rlosagrs 
ar""hed to the llrf'e 19 7? P•OtS .are shown in Table 1. The~!! 

dosagrs are wi th111 H'le ra ngP 1 ecomm~nded fo r brusl. co ntr(.ll 
with 2 4-D (1/4 o 4 .0 lbs. o f active ngred irmr per acrr.·) amJ !or 
uidor ";J m ( 1/4 ro 8.0 lbs . of att1ve i nt~reme 11l Per ac re•l. 

Ta!J ie 2, li st~ lhe riet!!'Ctflblc mean r~)CO\• eries ol ?,4-D anrl 
plcloram fron1 eigh tV rh ree 19 / 8 soi samples, recordtHI in IJarls 
per r,tlhon (ppm) ;,;nd samplerJ at timt:? intervals of app o xi­
mamiy 1 d ay , 2 weeks, and 6 weeks. At 2 and 6 weeks the 
sampiP.s we re divided into high and low (1 inch v~ . 6 · o 8 l'l Ch~ 

sa· pi ngs. The obJflCT of 1'h1s was to determ ne the re la ve 
r.xt ~nt at w h ich thl' two herbicides mtgrarnrl throuqh the soli. 

T hP I 9 79 Ek utna soils w~)re til ken across tie !>wmh 5, 10 , 
<~nd 15 Feet from th~ cP.ntor hne of sprayer r;Jvel and wen> <a 

m1x d ug from a l -inch lo ~11 8-lncl1 l£:vl:!'l. T lw thret'! sample~ 

wrrc not re pllcatP.d. Th~ first soils werr. t aken 1/2 hour aftea 
spravinq ann ther"atte r at I terv< :; af ?.4 hours, 48 hours. J 

Table 2: Mean recoverie$ Qf herbrcide m parts per million 
(pprnl from soils t.L•ken in 1978 in Anchorage, Fatrbanks 

and on the Ala~ka Railroad. 

2,4·0 Piela ram 

Pint Mean recovery Mean reco~.~rv 

location Timtl ~fgh low Time htgh low 

FIA 1 2 hot rs 3Jl8 2 hCIUT<; :1.972 
23 duys 0.254 0_062 23dtJys 0.230 0.050 
:>l days 0. T 11 0_033 51 days 0.043 0.031 

ANC2 24 he trs 0.874 24 hours {),224 
15doys 6.49 0.313 15 dJVS 0.362 0.004 
43 diiys 0.558 0.079 11 '3 days 0.005 0.01 0 

RR 3 7 h\JU[ S 0.870 2 hours 0.056 
14 d.1ys N~ NfJ 14 days N[) ND 
74 days D NIJ 74days ND ND 

1FIA F anban ks 1•eruat ona Aupot'l . .., 
3A:I.C: Anc ,.JJII!l• lt11.-rna11ur.al AtrJXII • 

4 RR : 1n A'osl<<t lia !rood, m le 162 
ND : ~o det ~1abla ~~~ u:lu • 

rliiVS , 4 clays, 5 dayr., 6 days, n day , and 30 day~. ThP.~ Wl!r.e 

f rozen, sh~ppetl , and analy7Pd .1s were tha~ 1978 soli&. 

CONCLUSIONS 
P11hllc concern about dw ;c of pt enol(y hF>rb1!!1des 1n 

A I JSk 1 to control brush die r ltl oan dnd l11y"w y · 9hh o f 
wav lies mainjy 111 thfl!!! nreas : ( 1 t Wtll • e appl ~ ion$ dam I'Jl! 

garrfe 5, l>ees, ll d wild u~rrms? 12) Docs lh~ pestici d~ appPar in 
d1inklng water7 and i3) ls lhere a hu111lup In the ~011 aftur 
repeattlcl apohr.ations ro rh.~ sam~ loCJltionsl 

Careful J,Jiannirrg and a sensit'vity to the homeowner 's 
concern s about p.esticrde tm: can eliminaTe proi11P.ms in the tirst 
area. This st 1dy wa~ not <iesigned to inv~stiuat" wate1 contaml 
n~non bv hnrbtcldf:'!i, but, ln answer tn the lo~~l qull'Stion. 11 must 
be r:onrltJr1ed trnm hn r.Jata that t-o-re s a !;mall but detectalll f! 
·esid:..~P. pre~ent in e plots a: thu l.'mf 1; hE' 5hort Alaskan 
summP.r. 

From sa11ples alr.Pn on day 51 In Fairbarks :n 1978, the 
mean recovery of 2,4-D was 0 111 pp n at 1 hch Jnd 0 .033 
ppm b~twer.n G and 8 inr.hes. In Anchar<~ge, residiH~s wete (aftor 
4 3 davsl 0Ji58 ppm at 1 inch Lind 0.079 ppm between 6 and 8 
inches. There was no rietectaltle rrsidur. in the railroad plot after 
2 hours. Picloram residues at 1he l:!nd o tht~ 1978 season Wt o: 
Ancho ngr. 0.005 ppm 1*'11gh) <Jnd 0.010 ppm {low); Fairba• 'i<S, 
0.043 porn (hiqh) • d 0.031 pom llow l. OnP y~a samples, 
taken 1'1 Ju ly 979, 5howecJ " p1 lor!lm tf!~ltiUP of (J.O:W ppm 
fr0111 ~h!! Anchorage 1 lot, n 1 tit' ea;.td~.e residUe fron the F r­
ban ks plot, antJ no oetectabl" n dw·• ot 2 4 D from ~~ther pi Jt. 

Wrllc it was g!lltifymg ttl otlAr, f!ll> was no buildup of 
rhp phenoxy compound from I e HJ78 st11dies, ~ve, In view ::1f" 
mcawrahle 2,11 D residue ·fnwuf at the end o1 that grow ing 
seaso n, W~) re anxious to determme exa-ctly l1ow lono lire comno­
nent s of TO RDON 101 pr>rsist during J single season. W•lh the 
cooperation of t he Alaskii Ra 'l r(l_.u a TOROO!IJ 101 tes t plot 
was P.Stabl' ~heci o n a ra1 road siding near the v·l age of Ekl l na 
in Southcentral Alaska As tho r:~r rand's spray g i~ able to 
move or> lrack or htghwav ne plot w as pla~;.~>.d alonq a dir t sP -
vice road n few vards wes. o f *' ma1o ir~e . Muc, :;peer:l, pressure, 
and app i,CrlfitliJ 1~Chf)ll)1 ~ rfl li~r~tecl, iH l'('f!iJWiy <l'i rnssJb1", 
!hose USP.rl al MiiP. 162 i 1 1978. Pir l<li<U I IP.Sidiii:'S ~+'l~l'lt'd rr lftl 
thP. 1979 s01l S<il11ples i 11d ic a1~ tlu.,e is a IIH.i:I~Ural,le res1clu•! o l 
slightly less t11,m 1/2 f)At JJr>r rnflllon oreSiml r~t aay I B iln(l a 
mean recovery ftor- lhe 3Q.dav samples of 0.1 ppm . There Wl'! r~ 
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no r!etectable 2,4-0 residues after 2 days . The me<w residues of 
the 2,4-0 sa!T'oles n en .. c ross tlw swath were: 

Table 3 : Mean residue recovene~ of 2,4-0 
across the Eklutna swath. 

Sarnplinq time Mean recovery (ppml 
----------------------·-------1/2 hour 0 .033 

24 hour~ 0 .60 
48 hours 0 .03 

Q,n efforts t o <leterm1ne tile relative extent to which theo 
two componei1tS of TOR DON 101 migrate th rough the soil 
werP lltlsuccessfu l ·•s r.ost factors precl~1ded taking tota l s,oil 
sanwles fro m the su r face to thr: 8-lm~h level. We can on ly con 
r udc that the dat .. 1n Table 2 demonstraW. hat a measurab le 
.;moun of herbic ido m•r1rate 1 to th1! 8 ·inch level wi hln l 
month or af.)plica t ion. Howev(lr only piclorarn showed a h igher 
concentration at 8 Inches than at 1he 1-tnch level: 0 .01 PPm as 
compared to 0.005 PP"• after 4 3 days in the Anchorane a roort 
plot 

OISCUSSTON 
Our 19 78 data ~ugges that only i1 ~rnali phrmoxy residt.e 

remams il'l the soi l at the end of Alaska'~ short summer and t hat 
none ·s present afte r 1 year . However, an analysis of 0t r raw 
rlata locl some readnrs to express concern hat an applicat ion of 
herhtc1Jes applied <1t the l>est time to i.Je effec tivP. in our c lt matP. 
lmtd-May through mid·June) would injacr a chemical In to the 
total envcronment whvn nontar~t p lants , beneficial insects, and 
arliiT'11s are develo1) ng most rap irlly _ Twenty days after tile 
1978 applicat•ons of picloram soil ros1dues exceeding 0 .003 
ppm weri! found In all ~mples. For the herbicide of majo r con ­
cern, 2,4-D, there was also a subs•unlial 1978 soil residue on day 
43 In Anchorage (mean recove ry 0.319 pp m) and In Fair banks 
(mean recove ry 0.072 ppm ). This was contradicted ln 1979 by 
Ekluu a d ata that revealed n o 2,4-D so1l residues aft~r 2 d ays 
and a pjcloram soil fesillue below the limi ts of detectabihty or 
day 30. 

lrl Alaska's vaual>le and o ften severe cl irnate, very little 
that hapoens can be separated hom the weathe r. The late spring 
and ~ummer o f 1978 in bo th Anchorage and Fait·hanks were 
n~lativoly dry, T abl" 4, b ut duri ng the I 979 sampling period 
there were num!! rous days of heavy p1 ecipitation . "Heavy rain" 
was recorded d urinn the 48-hour sampling, "heavy rain" on the 
ti'li1d day, "intermitten showers" on the fifrh and sixth sam pling 
and rain almost ev£~y day between the si1<th and seventeenth 
day of sampling. When the 1 mon th sample was taken 11 was 
" raim'1g." 

Table 4: llainfall (in inches), measured in Anchor<~ge and 
Fairbanks during July, August , and Septembnr, 1978 

and 1979.1 

Yf!"Af A nchorage Fairbanks 

1978: 
July 1.78 1. 19 
Augu$1 0.54 1.24 
Seo11:rnber 2 .16 0.98 

1979 : 
J uly 3.84 
Augu_t 1.56 
Seplt'mber 2.73 

1u.s. DIIJ):Irtmllnt of Commtrcu; Na t1ona· W~athcr Service; Aneroorage, 
Alaska 

48 January /1981 Agrolmtr•oJiis 

In me 1978 soil samples, Anchorage and F irbanks air 
ports, the perceomage or Soil moisture ranged hom a h1qh o I 
26.55 per cent to a low of 5A7 per cont. T t! mean percentage 
of soil mois ture of sewm F 1irba11ks samples was 0.90 per cen 
and ot 16 Anchorage samples, 20.54 per cent. Thls approxtmatP$ 
the di fferen~ it1 summer rail1fall br.twee .. the!' two drt:as in • 
" normal'' season. However there dre Alaskans who r.ar1no l 
remember a normal season s· nee the gold 1 ush ancl no corrcla 
tian b11 ween sotl moisture and 1'P~iflt1e recovery could b!l detfJf• 
rnined from the rfata. 

Only very small resirltJes of 2.4·0 a• rl nlclornrn remain in 
our soils after tte Alaskan growmg season hut much highet 
residues wer~< detected m rhe weel-s when plant qrow··h is 
greatest. Fo1 tunately as spriny right-of way herbicid£! ilppl;ca­
tions w ill kill berry pl.mts before fn..ltlng, it Is unl1kelv that 
harvesters will inge-st pesticide through tl1is route. Howevet . 
work by Woodward (1979) sugqests. that concentrations of 
P•cloram above 0 .006 pJ.)m inhibit lrOUt-fry growth. In v1ew o l 
this and the data on the persl&tence of pidoram presented here, 
ptecautions taken ln Al..ska o prov1d'J a but fer :zone ot 100 feet 
betw~n sp raye-d vegetation and I~ ~es and streams should be' 
mmntained and even incre~ed to 300 feet i1 streams that art. 
l<.nown producer~ of ~almon frv . P•clorarn residues from the 
1979 so I samples, indicate tnat there 1s a residuP of sligt y IP.ss 
than 1/2 part per million u1 P.$P.tll at day l8 and shows n mean 
recovery from the 30-day samples of 0.1 ppm As pirloram was 
recovered fr om the airport plots after 1 year . applicators usin~ 
th is r.o ml)ound should keep in nind Lhat ~nou!)h of the pesti­
cide may persist from seasoro to seasoP to causE: substantial plant 
damage, in P<~rticular to dfllu:ate and vai_;Jhle- ornamentals. 

Evuluated on the bas s o1 rne datil presented here one 
must conclude tha l Alaska'ls livmg north ot I•H ude 60' north 
are exposed to no greater CJanger ot a year-to-yoor b1Jilc1up o t 
2,4 D residues in thPit smls than ,w• 1he citizens n the other 49 
s.tales. Greater catJtio n must bP used whP.n planning 1n apply 
picloram for it ha> OOHI'I dPmomtrated that J reCOml"'ended 
dosage applied to the same llr'la vear after year mlly result in sol! 
residues that a re harmful to rlesi rable planK How~:vr.- it mllst I.Je 
obse rved that piclo ram·~ oral ,oxlc1ty to mammab (LD50) is 
8200 m illigrams per ki log{artl (Thom!JSon, 19 791-seve rar times 
safe r than table sal r • ..J 
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Responses of Arctic 
Tundra to Intensive 

Muskox Grazing 
by 

Jay 0. McKendrick * 

Tundra i~ a r~land vegetation, Jnd 
as such can only sat sfy basic human 
needs when it s i Oril~te and browser r~ 

souiCf!S are co1werted into an·m al pro­
di JC:t1>. Except for cenain wild ber1 ies 
and oerhaps, peat as a iuel 1• e undra 
off,.rs man li nk survival and comton 
01N'1 tl1an LJ habi ., t for his .animal-; . I! ·~ 
tru~> th ... t tu ndra has s•on f1ca11 I v a l u~ in 
p1qu.ng modern human inreres\s anu in 
pleasing the ey ) as the i~hemar ng seJ~on~ 

vary the landscape, IJut those values r:a11 
he appreciate<! only after 1!1 ,dnmeotal 
cn:wtu1 e comfort~ have been grat1i1ed. 
Conversion of tundra ranQC resources 
1n· C~ nimal products occurs natur lly 
w• n he free-roaming caribou. ptarmigon, 
and omer ndigenous fauna ot t he Arc 1c. 
Conse~1uently . man's harvest of tundra 
prouuct s has been dependent upon his 
''cz.ptunng" thf' t undra-harvest•ng animal. 
Tn •s. huntmg has. been the drctic ra111qe· 
land l)usbandry pract iced by :Jrct ic dWP.II­
£~r·s lor m llenia. 

Table 1: Provisional plant speci11s list for the Unalakleet Mu.skoM Farm 

As. their economy h as become n1ot~ 
cas~ based, arctic peopl~ have become 
inctf!asingly dependent upon imported 
food, clothing, fuel. and other necessities 
at '1 tr . Such dependency creates an 
uncl"\m ortable degrf'c ot vulnerclblllty 
and h.-~ s prompted renewed interest in 
s.clt ~ufficien~y (Dearborn, 1979). Rein· 
dP.e1 wf! re brough to Alaska in the late 
tnnetcen th century to alleviate Esk1mo 
starvation, us carihov numbers were 
dccl in' 1g. This relatively sl1crt pastot ul 
history witl1 reinde<> herding and Its 
accompanyin!J rcsearch ·s the maio r 
source of experience from which technoi­
agv lor tundra r:tnge management can 
<'ill~tl . 

The recrnt introduction of muskox 
1mmg has adder.f a •o a ly new rltmen-

Assoc:iate Professot, Agronomy, Aarlcu!tlltal 
EJC11enment Stat ion, Pu.lml!t. 

FORSS 

Aeon-tum de lphlnrfolium spp. dt!lphmi fuhUI1l 
.Adoxa n10schatell1na 
Anemone nard ss.iflcra sib1nca 
Ant<!nl1a ria fr esian.a 
Arnica rigida 
Astr a~Ja lus alp inus alpinus 
Can1Pm11..1l~ uni ' Io ri! 
CardaminfJ p rati-! n~i~ ssp. angu~--utolia 
Castilleja t~legan s 
Chrvsospll'n ium unmndrum 
Cor nits suecica 
Col ydalls pauci flora 
Descurainia soonio1des 
Oryopte ris di latata 
E.pilobium l at i foli ;.~m 
Equisetllm a rvense 
Equisetum si lvaucum 
l u('linus arcticw; 
l ycopodium annotlnum 
Me1tensra paniculata Eastwoodae 
Min 1<1rtia arc tica 
Oxytropis ''i!Jresct:ns 
Ped1culmis Kanei <>pp. Kanel 
Pediculi: is labradorica 
Phlox sibi rica s1hirrca 
Plngurcu a v1llos.a 
Polemonium acut• tlorum 
Polygonurr Alaskar um 
Polygonurr bist Jr " spp. plumosum 
Polygonurn viviparurn 
Potentilla palustris 
Pot~n ulla vi llosa 
S01x Fraga punctate ~pp . N, sonniana 
Stellar ia crassifolia 
Tofre ldia coccinea 
Trientali& curopaea a rctica 
Trifoli um lwbn Jum 
Valeriana c::ap itata 
V1ola biflor·a 
Viola epipsila 

Betu la pap ;rr fer 'il Ydr. humrl i~ 
Pic~ qlauca 
Picea mnralllna 

l.lHASS£-S, SEOGES, A~D RUSHES 
Agrostis !flnll 
1\rctagrostis lati f ()I ia 
Beckmannia erlJcaelonnis 
Bromus ICctorum 
Cal .. magrasus canaar.nsis 
Calomograstis apponrcc1 
Carex l gelowrr 
tr of"hor'J.'Tl vag]natum vaglnatum 
rest uc~fl ru-achyphyll-. 
festuca brac"vphylla 

lfttOChlrltl 1!prna 
Luzulo mllltifiHa 
Phleum pratense 
Pooj a1Ct1 ,il 
T ri•; lUll' <pic<Jtum 

SHRUBS 

Alnus cri~Pil 
9etuln tana 
Betulo lhvbrirJi) 
Diapens1s lapp.on•ca 
Dryas octo~1al a 
EmpetruiT' n gr"i"l 
Ledum palu.s·r,. SflP- der.umbens 
Lo ~ I I!LHia procUinbens 
OxycoCC\1~ rnicroccu~ IT ieroc-arpus 
Rubus arctrcus arctic.1 ; 
Rubus chamaemor1,s 
R1bes triste 
Salix arcuca crJss•tull~ 
Salix ghwca 
Sal1 x Janota 
Sal1,; ovali'olra 
Salix phiP.bophyll4l 
Sillix plflllifolia spp. pulchra 

var. PI.J ichra 
Sp11 aea l.>edUverdi ~na 
Vau::inium ullq r nr:>~urn 
Vaccfnium viti~ •dilea 

Pop 1lus balsam terct 
Populu~ ·remuloides 

J<muary/1981 49 



Tobie 2 : Average values for 13 ro1l characteristics from three plant communities at the Unalakhret Mu.sl<ox Farm. 

~2 mm F1actiors (%1 Tot~l (%! Available lPP011 

Textural Class Su11d Silt Clay Fraction O.M.1 N p N p K Ca Mg pH 
(Lfn >2 mm) ('# l 

Ma and Cushion Tundra 

.lay Lonm 23. 1 47.3 29.6 32 7 23.1 -185 .027 19.3 39 109 192 78 4.78 

T ussod Tun,Jr<J 

Silt Loam 1l.2 66.7 22.0 1.9 30.1 .226 .040 22. 1 5.7 137 345 159 4.66 

Tall Shrub (alder) 

Silty Clay Loam 33,0 47./ 19.3 11 .0 53.9 .480 .048 64.5 5.5 299 2189 319 4.59 

fJ.M - o ruuruc mateor, N notrogen, P "' phosphorus, K =pol SS IIH11, Ca calc1um. Mg = milgnosium. 

sior 11 tundra range manog.~mLn1 The 
rund a ra 1ge~ mav ncvP.r havP supported 
grallng pressures as great as those at the 
Unalakleet Muskox F;:Hm . 1his enterpri>e, 

st.uted in 1976, is a val 1ab le demonstra· 
t1or provid ing ~~xocrimental experiences 
for t .., ·Jra 1 anye research. Prior to this 
aJ::tiv1ty, tundra 1 ange managcmem was 
primarily aimed at maintaining dimax or 
near·r.limax plant communities w m 
spe( al emphasis on protec ing lichens, as 
those plants were the j.Jrime \ JiniCr range 
forage tor reindeer. Some results o f lhe 
two-year study reported here suggest 
oth~ managcm~nt approaches may be 
possrblt1 for these ranges. Knowledge ant! 
t:!xpe ucnces dre paramount t o proper 
management of tundra 1 anges and sustain­
mg ot tho resources whi e meeting human 
needs 111 tl e Arctic. 

THE TUNDRA RANGE 
T hrro are five ·n jor vegetation ry~ 

on the Muskox Farm : tussock tundra. 
shrub tundra, mat ond cushaon tundra, 
tall shrub, and 1:0111 fer o rest (classifu:a­
tions we e based on he system by Vir -
eck :md Dyrness, 19801. See the provi­
sional clant r.pecies llst (Table 11 lo r a 
characteri~ation o• the !lora for the vici­
nity. 

Tussock tund ra occurs genera lly on 
the midslopes of this undulating land· 
scape. IT has an open aspect and con$ists 
of cotrongras~ IErtophorum vaginatum) 
tU~SOC'k~ w1tll another sedgr. (Carr•J< 1Jrgel­
owti1, heath i hrub5. mossr.s, "net several 
lichens occupying mtnrstices among the 
IU$Socks. At leas two Willow~ (Salix 
arctiCS and S. ovahlulial occur soanngly 
throughout the tussock tundra. Tussock 
tundra soi ls ot the root zane are ac idic, 
>ilt looms, yeneral'y free ot stones and 
arn nearly one third organic matter !Table 
2). Due to the larg, accumnlatJon of msu 
lating org<mic mauer 1n th s clima1ic 
zanr- thes£t soils remain permanen1 ly friJ· 
zen except for the sut f1ce activP- layer, 
which !.haw:; each sumrn~r. Permafrost 
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prevents water ~rr: ol auon and causn~ 

\hesF soils to rema n nrarly saturated. 
Gleyin<J {developm •nt or a grey color 
t.lue to ttle PIP!>ence of reduced iron ) 1~ 
common near lhe bottom o f he active 
Inver. 

The shrub tundra occup·es an inter 
medJate position between tussock nmnra 
and tall ~hrub. Due to its he ghr of auout 
1.5 m~ters (5 fccr) or le$i>, it presents a 
somewhat ITIOre open aspect compared to 
•he tall-shrull type. 

Tabie 3: RespectiVe areas of five plant commu:mtle' m the three range umts at the 
Unalakleet MLnkax Farm al. the time the farm wa5 baing fenced, July, 1976. In 

addition to these areas, approximately 3.5 ha 19 actll$") ;uo devoted to nongraz.ing 
uses at the headquarte rs site. --------------------------

Rang~t UllllS (llo) 

Plant Communities Ea~t Center West Total PP.rcent 

Tussock turcl ra 21 10 1!:1 50 'Z7 .9 
Mat and cv~hJOn wndra 3 9 10 22 12.3 
Sht\Jb tundt'1 9 19 8 36 20. 1 
Tall shrub 10 19 19 48 26.8 
Conifer forest 1 1 21 23 12 8 

--
Total 44 5B 77 179 

Table 4: Stocking rates for two lfange uniu dur~ng the first tllree years at the 
Unalakleet Muskox Farm and th~t re~pectivP. basal cover and speci1!5 composition 
porcentages in tussock tundra for tho~e two un1U 110d ad] cent ungrazed tunoak 

tundra outside the perimeter fence in S&ptember 1979. 

R~Unlt; 

Y~:ar CCmer Wll~t Outs ode 

Stoclnng riiW1
2 19TI 0 .49 11.2 11 no oata a11ao nblf' 0 

1978 0.37 10.911 0.38 (.941 0 
1979 0.56 11.31!1 0.79 11.951 0 

J:.Q~er Comooilllon Covar 

S.: Jges · 
Carox b1galow1i 2.5 10.9 4A 12.8 2.2 5 .7 
Eraophorurr 11~gina1urn 2.6 8.2 2.4 6.3 2.8 8 1 ---

Tota s 5 .1 18.2 6 .8 19.1 5.0 13.8 

Shrub~: 

Leodum dec:umbt'n~ 4.0 9.4 6 .. 11.7 69 10.8 
Emparrum nlgtum 1.5 4.9 1.1 J I 1.8 48 
Ber uta t! anu 1.4 2.:3 •. 9 3.2 2.0 J .4 
V -et:t'llum vlt1s td;n:a 3.0 8 .4 4.3 10,1 3.8 7.7 
Vac,., .. -.,ur 1 1l1Qon<l'sum 1.9 3.9 o.a 1.9 19 4 .0 
Aubu~ • l•tnoaemorln 0.5 1.1 0 .4 1 3 0 .7 1.5 
AoCIO~lllphylos all)lnB 0 .1 0 1 0.0 0.2 0 .1 0.2 
$<!Ill• ~p. 0.9 0 .1 

Totals I :?.4 30 . 1 14 3 3 1.6 16.2 3:14 

Ct YPtOU;)mi" 
Mo"uG 17 7 19.9 18.6 22.5 15.4 1fi.7 
w~h ns 24!) 31.6 Jel 26.8 32.0 32 8 
Ulil!rwotl~ 0 .0 0 .1 0.0 0 .1 ---

Totals 42.2 61 5 38.1 49.>1 47 4 49.8 

~Obta ned a ccord ing I I) 1ha .... ·atr...onrJ point method dll$Ct •l>ed bY Owonsby ( 1973). 
:J'1a/AU M lacrL's/AUM). 
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The d om in ant species are dwarf birch 
!Br.rula n.1na) .1nd Labrador tea (Ledum 
palustre spp. decurnbens). Other shru bs 
ndude bl uebe ry ( Vaccinium uliginoSJ.Jm ) 

;uul crowberry (Empetrum nigrum). The 
I~ 1 tr,r species is cal!e('J blackber ry by th~ 
n1lt'~'c" at Una lakleet . Their "cro wberry" 
is Arctostaphylos alp ina or alpine bear­
betty to tht! botanists. Various w illows 
(Salix StJ .) may a lso appear spannglv 
w ith 'n the shru ' tund ra. Several for bs 
an~ gr asses may a lso occur in th is type as 
well as I ichens. Mosres gen e rally cover the 
~oil a d "bury •hp oo.ver Ia ;,e ra! limb-> of 
th shrubs, wh•cl'> h en root adven ti rtollS­
Iy No soi ls data w~re obtained from thls 
type, b ut soi ls nrc probably intermediate 
hP.twn~n the tussock-tundra and tall-shrub 
soil in most tP.atu res. 

Mat and cushion t iJndr.a occu rs on 
the Lops of rid(Jes and hi lls. It consist s of 
low-growing p lan ts and, therefore, nns an 
oprn aspect . Alpinr> bearbe rry , crowberry, 
alrme-azalaa ILofseleiJria pror.umbons), 
and pro~tta te forms ot d\•.ra rf b irch are 
tht: r1ominant vase Jld p lants w ith a df'me 
cover of ltchens am ong the shrtJh$. The 
t lord I'> quilt} varied 1n thts tyoe, contain­
.na s~veral grasses, !~mes, me rrbe r~ of 
h~ pnk (Caryophyllact:Jae l and su'"ll ower 

~Compositae) families, and two or tJuee 
p1ostrate wil lows. Soils are- acid ic c lay 
loams that are quite stony a nr.J lower in 
organic matter and minera l n utrients ~han 
e ither the tussock tund ra soils or t a ll 
sht Jb (Table 2). 

Rt>l ief allows tor su rface d ramage, 
bu n e large acclJinu la ti on> of lichens 
mnd to hohl moistu1·e on theses tes. Also 
1 f1'1e tex tur e o f the less-than·2·mm soil 
tractr on contn bL.tes to the overall m ois­
lUI·!·holdin(l capacity. Even so, til e l"lal 
a c. cushi on sites a;e undou btedly the 
dr •e~t ol all those in t hJ:? vicin ity . The 
c x tPrt of root penetration and t h icknP.ss 
of he active layer was not ex plorcu 

dunn[) th is study . 
'f he ta ll-shn 1b ry pe consists of den se 

sto.mf\ of a lder (A lnus crispa) ann/or 
willows (mostl y Salix plaoifolia spp pul­
cha Yllr . pulchral -A, 1 is usuallv confmed 
to t.he dra ina!le way~ anrl along streams. 
E ~ c-apt to ns occ1 r where the tussock and 
~1 ruo tund ras hav& been rem oved d own 
to ru neral s01l by excavation or ero:;· on. 
In the absence of Intense m~askox graz'ng 
on such mineral so·ls, seedlings of alder 
<ca :lily establish, creating dense thickets. 
Evar pies of tl>at p rocess can be se-en 
read ly along roads and t rail~ ;Jro1Jnr:1 the 
abnncJ oned U.S. Air Force si te nortl1r.ast 
of Unalak ~ ~et. Othe r sh n tbs occu rr ing in 
sllt'h si tuati ons ar~ spirea (Spirea IJefiiJYOf · 

dianal and some11m~s dwart birch along 
the cflges . 

F ireweed (Ep ilobium angostifolwm I, 
starflower (Trien tslis europea), fA r (Dry­
opten's dilatata l. bluejoint reedgrass 
(Calamagrostis canadensi:;) , holy grass 
(H1erochloe alpina l, horsetail (Equisetum 
svlvacicum), cl u bmoss (Selaginella sp .l, 
woodtush (Lunda hll.lft iflora ), and several 
other p lants occur in the understory of 
this ra nge type. Th e richness of the und er­
story undou btedly contr ibu te:; in part to 
the remarkable rora!1e-produc t1 on capaci­
ty w hen the tall stnubs arr:.> removed. Sofl s 
unae r t'1e tall shrubs are ac1d ic, si lty, cl y 
loa"lls- usually stony. ThPy arr. rich In 
organic man er and mme ral nut ient~ 
(Table 2 ), anothor factor contr buting •o 
the1r forage-production capac ity. Rootlnq 
depth an d perm af. ost relat ions were not 
examined in this type . 

The con ifer-forest comm uni ty occurs 
in the va lleys; and, in the Muskox Farm 

v1ctn1ty, sourh· and east-fating s opes are 
the mos commons tl's lor •h•s rypc.. Fur­
ther ea~L away r om lht' CO<l5 • tr<>~s 

br:JComL mare abu"'ldant.. and he co• ifer 
. omst becomes more prevalent Undi:H'­
st cuy veg!!tat.on con~1sts of Gh•ubr,, forb5, 
grasses, and mos~es . Tne mix 11a1 ies with 
the opl!nncss of the tree canopy In open 
stand~. shrub tunl'lra forms among the 
trees. Soils. wert! r Ol tlXArolnr>d in thi s 
\'l!!ltnlt.on type, but it IS rca~o·1 able to 
Sp.!CU I 1t~ Thd the -l ~tl\11' layer I~ deepPr 
lYre th.m in 1he wnd a cornmuntt1es. 

THE MUSKOX FARIVI 
In -"rder to telotc the observations 

und data for this rMCJ9 Stii(Jy 10 other 
locattons, 11 1~ necessary to know t he area 
of tne Musko~~: Farm, the rP.Spective an•as 
of the ran~s being !]ra;;u~d . and rhe rda 

J 
RIIW M!OW 

TALL SHRUB CJ OLD BURN AREA 

[-·.;1'1 CONIFER FOREST QSHRUB T'JNDRA 

rn MAT and CUSHION TUNDRA D TUSSOCK TUNDRA 

F igure 1 A vegetation map of the four sect1ons of land near Unalakleet, Alaska.. show­
ing w hich pa rt of each combine to comprise the Muskox Farm. PP.rrmeter and cross 
fonclng are shown. T his map was creat ed from t:olor airctah lml'lge ry obtainod from 
the NatJonal Oceanic ancl At m osphenc Admmistta.tion and from the U.S. Geoloa•cal 
Topographic Series 1:63,360 sca le UoalakhHn (D 41 Ouandrangl map. 
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ttve :!Mounts of vegetation types on t e 
farm . In t he absence ot any surface sur 
vr:y lt1fOfmatiOn , nreas of tt1e ran(le unns 
WP. re calculat ed from wefght d,;na of a 
map. A mao of the Muskox Farm (Figure 
11 W<tS created on drafting .1Im from 
aerial photography. Next, the range units 
of \' e farm were CLt out and weighed on 
an Malyt ical balance and compared with 
the wet_ght 01 a section of fi lm from the 
map representing 259.2 ha (640 acres) 
All calculations were based on the avttr­
ages of three wefghings. 

n'" MU5kox Farm is about 3. 7 krn 
(2.3 m1les) inland It om No non Sound nn 
the Wen Coast o f Alaska (162° 45' E. 
63;, 54' N). It is northeast of ana v stble 
from tl,e vil lage of Unalakleet. Elevations 
range between 45 and 180 meters (147 
and 590 feet) . Climate is stt ongly lntlu · 
enced by the nearby Norton Sound. Por­
tion~ of the t u ee rango unir.s 0'1 t he f<J rm 
(fag•Jt e 1) lir tn fo~11 sections, 13 and 24 
of Township 18 S Range 11 W and 18 
IJnd 19 of Townsh•r 18 S, Ran ge lO W 
Kat.e~l River Metid~an. Total area for the 
•hrfw. range Un it; is about 179 ha (442 
ac re. l. Approximatt>ly 3.5 ha (9 ~re~) 
is dtJvomd to c:orrals and t he headquarters 
site. ThP- perimeter ana cross fences were 
constructed in 1976 and 1977. AI the 
time of our ranqt:l s tudy there werE? 129 
adul muskoxen and 20 calves on the 
tarm 

A dot grid was superimposed onto 
the vegNat10n map of the Muskox Fa1m 
to e~tlmate rhe relative percentages of 
area occupied by ~he various vegetation 
types. Table 3 list~ the vegetation lypes 
on the 1hree range uni ts of the farm. Tun· 
dra vegetat ion dommates, amounting to 
60% of the area, with tali shrub and coni· 
fer forest making up rhe remainde r. 

RANGE USE BY MUSK OXEN 
Stocking rates tor the first lhrffil 

years at the I<Jrm were calculated from 
the reco rds a the l:teadquarters fo r the 
three range units (Table 4 ). Stocking data 
were not determined durtng e•ther winter 
or thi" sp ing (1iv iut-combing season wh6'n 
hay wa .. fed. Animal un its tAU) ware 
ba.sed on the beef c<1 tlll! standard of 11.8 
kg/chy {26 lbs/day l dry matter consumed 
per day wi th the muskoxen eqlt ivalent 
estimated at 0.38 AU based on feeding 
research reported by Palme t ( 1944). 

Due partially to the high stocking 
levels and the habits oi thts an imal species, 
all vegetati on types with in the range units 
were used. It was common to observe the 
anamals feeding upon a variety of plants 
<.Jurin!l the co•Jrse of a few hours. ThP.y 
b row~r.d on willow and alder, grazed on 
sedgP~ and fed upon liche'1s during the 
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normal course of their daily feeding in 
rhe surnmer. During winter, the animals 
~referred he higher P. iev<won and seemed 
lo avoid much of tbe lower-lymg tussock 
tundra, even lhouyh i was free of snow 
in places. 

Table 5 shows some ot the vari~ t v 

o f plants acceptable to mu&koxen as feed . 
1. was most significant o note Lhe ready 
acceptaflce of alder twigs. Palmer 119441 
li~ted alder among m e plants eaten by 
muskox at t he Fattbanks tarm . Apparen1 
ly, this IS t he one ruminant species that 
fe€d5 readily upon aldP.r. Moose are 
<nown to tnkP. alder sparingly but pre 
ferrtng willow, birch, and aspen. 

In winter, mu~kox preferred the 
ridge ~ops that produce mat and cushion 
tundra as a winter range Presumably all 
plants were fed u~mn , dUf~ to the heavy 
grazmq pressures, which fm ceci the ani­
mals to eilt p lrmts that. under less harsh 
circumstances, may I ave been unaccept­
able. 

Because there was insufficient winter 
range, hay was fed during portions o f the 
w in to rs . Table 6 shows nst"mates of the 
hay nePds 10 feed the muskox herd ade 

QUdtely during U1ose ieedlng per iod~. 
Annually, the tarm netJ-deo 1o provt(le 
abolll 640 AUM. 1t1 1978, Jbout 28% of 
ttuJ• had to come from a sto P.d 1eed base. 
By Sep embnr of 1979, as much stored 
feet! was usfld as had been used dur· ng the 
entare year nt 1978 when the manag~"r 
had attemoted m protect tho 1arrge 
rosource base from overyrazing. Hay for 
supplemenr. I re~:c:. ""as not grown locally. 
Until 1979 It was shipper! f om ~he state 
ol Wash ngton. In 1979, hay grown In 
southr:entral Alaska was us~d for part of 
thew nter feed. 

RANGE REACTION TO 
MUSKOX GRAZING 

This st Jdy focused on the tussock 
and mat cush10n tundra vegetal" on types 
and conductt:?d primar dy in the center 
ran~r mrt · mdlcs in the east unit were too 
dan[lt!rous dunng the rut, and we dtd no·t 
want to distu rb thl' fema les w1th calves m 
the west uniL Sample plot rl11ta (Table 7J 
portrayed the ange 111 1978 as being 
QUJte ntoductivll, w '"a stnnrhng crop at 
tho roll o f tho lJrowong seasCln of ahout 
4300 to 4700 kg/ha (3800 to 4200 lb/ 

Table 5: Relative acceptance of several piant species hand plucked and fed to a 
male muskox m the center range unit, 20 September 1978 

_________ R_an~ P~nt ______________ _ 

Common Name 

Granllno,ds . 
Sedge (green ) 
Sedge (senesced I 
Ticlc legrass 
Bluejoint reedgrass 

Forbs: 
Cloudberry 
Arctic bramble 
Alaka Wild rhubarb 
F leshy starwor t 
StarAower 
Horsetail 
Fe rn 
Jacob's laclder 
Club moss 

Shrubs: 
Crowberry 
Alder 
!Jwarf birch 

(twiqs w/o leaves) 
Bog blueberry 

{twigs w/o leaves) 
Lingonbcrry 
Diamond leaf Wtllow 

Beauverd spirea 
Sprawii flg Labrador tea 

LichPns: 
Reindecrmoss 

Latm Name 

Carex bigelowii 
Carex bigelowii 
Ayrostls scabra 
Calamagrostis canadensl$ 

Rubus chamaemorus 
Ro bus arct icus 
Polygonum alaskanum 
Stollaria crassitoha 
Triental is europaea 
Equisetum orvense 
Dryoptens dilatata 
Polemoniurn acutiflo t um 
lycopodtum annotanum 

Em pl! trurn nigrum 
Alnus crispa 

Betula nana 

Vaccinium uliginosum 
V. vitis·idaea 
Salix plana folia spp. pulchr a 

var. pulr.hra 
Spiraea beauverdaana 
Ledum palustre 

ssp . decurn bens 

Cladonia so. 

Animal Acceptance 

Efllen 
Eaten Sparingly Retu~ed 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 



acre). , hose values are •omewhat deceiv 
ing, m at tlley contain the accumu utior·< 
of llch~n . w JoQY plant grovvth, and ne 
sta 1dlng deacJ sedge leaves from sever;JI 
years. Palmer Jnd Rou~i:l (1 9451 found in 
10/7 hat the standlnq lichf'r> crop in a 
tu~<~oclc tundra mJ 111 r>f lhe ~ re~ent 

Mu<Jkox Fnrm amour11ed to !1763 'g/ha 
~5140 lb/acr •I. L cht'n ccvcr ran']ed 
between 50-80%. brcw~e l>P \1\oeen 1 0.15%, 
ami ~rdqu betwen 10 15% in their sur\1('!~­
Thu.. . • he currl"nt find i g.s .1gree wrth the 
frgures of 11e~1 ly ~ix decades <I!JO. 

T •· annual growth of forage i1Mll 

broW>\; could not be estrrrHI11!d without 
excluilmiJ the cur cnt gra2.1nq pressure. It 
appeared as i g azing had Jigni ricm liy 

reduced hchens and shrubs ir thf' tussock 
lurrrh a during tne r !l76 1978 prazrng 
peuod Lichens Jnd umdenti fiahl~ lrug­
ments (mos ly sna" r wces oi snruhs ·mel 
lrchim ) were slgmfi~;arHiy rooucecl 111 the 
mal a rl CUStliOI"l [Undrd COinnlUI"'ity , TI1c 
stm k1ng le11r.ls rn 1978 and Fl79 YISiblv 
red u:ed ol~n canop', c.;over ·, all ·ypes. 
HoWP.ver, the ba~al cover and SfleCII!~ 

composi lion data ind· cated that the plant 
populi:llior in the tussock tundnt wiis nol 

sign if cantly altert d . There was a trend 
toward in"t eases tn lhe sedg.?s, pmsibly 
at rha expense of some shrubs, lichens. 
;~nrl mcxses. That is the mnmai react1on 
111 overgrazing in lht$ regior accot d.ng m 
PalfT'"r ami Rouse l 1945~. 

I IQU t. 2 ~hows 11 tmples nf how 
IU&~ock ltmrlra ~~ponded lo overura/lflh 
lr>d tram"''"'~ tJ sturbances. Unl!!ss lhe 
the .• oil base was destt Jyed, t1 e most 
noticeahli> esponsc was an ncrease 111 

annual growth of setlges. I appeared that 
the yrassP.s and sedges of th!> mat anti 
cush·on lund rcJ lik ewi~P ~ncreased lheu 
'1fOW1h wh 'Je lichen c:111U StH Jbs ~ecllnatJ 
wi•h g1 J7 ng pre:;sure !Table 7) Several 
factors prob .. bly account for thosr> 
m. nges, !JUt Increased minual nu Lrient 
r.vcling and warmr 1g of the \Oil ar<> prob-
ably primarily rc~pon~•ble. Rernovi 11 
certain !iche s rt'aV al ~o release l""!ycorr i-
7al fungi !Bro•Nn ill d Mfkala, 1 974), thLrs 
i nc•~asu g the uptake or ,Jhosphorus and 
other rnineral~ by higher plants. 

Palmer and Rouse ( 1 945! inter;m~tt!d 
the advance m trees into ~he tundra as a 
sign that !he tiHltll <~- W\ls yf't unstable anct 
no· at dimax . In ne dbsrncc of heavy 

Table 6. Stock•·ng rates and calculated forage ~ned by muskoxen on the three range 
units at the Muskox Farm for 1978 and January through September of 1979. 

Quantitces of hay needed i or periods when anrmals lfiere not on the range1 were 
also estimated. 

Range Units lhalunrU 

East Cemor West E:.tlmated 
(441 t58) (771 Total Hay Needs 

· --- - ·---- -
1978: 

AUM1 108 15b 202 466 177 (AUMl 
C .. culated kg/ha used 881 965 942 63,543 (kqt 

1979 through SP.ctember :2 

Al.IM 92 103 97 292 176 1AUMI 
CC~Iculated Kg/h.) uwd 751 637 452 63, 184 (k g) 

1AUIJI Animol ulliJ-nml'tll = J5~ kg !or(lqfl. 0 1'" 227 kg 1550 lb \ · II f11U:iko x h ;4pl:frox •mataly 
')0.38 "" '11<-1 urrll accord., w i~erf re~t.mem11ons !JtVP.I by Palmer (1944). 
~, 'It• per rod do~>S oot mcludl.' rhA wrntsr >I! 10tJ f(lr 1979 wtrld Vv uld requrre ha~ I c., the an mals. 

Table 7: Standing crop (kgfha) 1 of range plcum tn the lichen and sedge lundra 
vegetation types on grazed (imide pasture~) and ungrared toutside panurus) 

sites en the center pas1LUII of the MLukox Farm at Unalakleet in 1978. 

T11ssock Tundra M~.r and Cusnion Tund ra ------ ---
Ungrazed G·.ned Un!Jrazed Grazed 

Sepl J ul'e Sept. Sapr. June Sept 

Green sedges 
-~ 

130 afF 250 b 50 a 0 30 0 
o~ad sedges 1600 1400 1130 )30 70 80 
Lichens 2390b 1100 ab 920a 4250 b 4600b 1740a 
Shrubs anr' forbs 1670b 950 a 141 0ab 19tl0 1220 1510 
L tioentifiable fragments3 1200 b 570 a IS60ab 1570 b 790 ab 1350a 

- --
Tota! 6990b 4270a 4 170 a 8030b 6710 ab 4680 a 

!~ g/~a x 0.892 lb/r1 
-•.1r.;J<>S iollow ed U\" lhe sam~ cUP.r witll., ~row w thu B vege t.ltoon•vpe arl!' rtot d•lferAnf a1 lh 5% 

3 
eve I of or<'balirhty. 

• Fr 'Jments o f ph~nu. ahat wert too ~mall lor oand ~parat orr werP. ltsted ~s unlourulftabl>!. "fhl s t:iJte· 
gorv w ;; mo IV tlit:. or lichen~ and dubrt• f•om shrubs. 

grazing, tus.scx;k tund a tnl ow' tree and 
shtub communrties in the planr suc.:e• 
siortal sequenc~. Palmer and Rou~f' ( , 9451 
noltJfi ' dt hl'avy !]ra;linn ,.ly .einler.r 
lncre .. :;N:l ~ttru.1 nrowt~ . ll1 t hru; not 
h\;~>n tho case at the Musl<o>C Fr~r"'l durin!J 
irs o;hort ht~tory. Possibly the browsi,lg 
natu1 e of muskox avert.ed the silr b 
i1wasion, wh 'ch occu r HJ when rPindn!H 
o11orgrazad sut:h types. Also, < nm a i 
tram~1fir g in thn heav1ly ~tocked muskox 
rangt:" u,1t:; preventt:d --hru 1 ~eedlinl'l 

!!Stab l is~ -Jeru. 
Palnar and Actuse ( 1 945) concluded 

that st 1\l s .11m;c " most aggressiv 
irov .. der~ onto hilr r"n !iltes and tnat sed~ 
dltl nm resoond in a ~·m· lar ta$h1on. They 
iJISo notnd that lichr.ns racovenfll rco:~dily 
on morst, ooen v when•· vase rhr plant 
courpetlt1on was low. TiuJy co lCILtded 
tho• severe use, proiJ bly less h<~n thnt t 
the pJesen;: Muskox Fntm, would c .. use 
soli •rosmn and reQuTrP. 20 to 30 years for 
rocovcrv. Conclusions 11y Palmer and 
Rau~o (19451 were based or thEfr obser-
vations of reindeer grazinrJ anrl c lipping 
nnd scraoiny of vege1atior 1'1 l xclosure5. 

Annual herbaceous (nonwontly I pro­
ducucn rncreased remarkably on t JSsncl 
tundrd th~t was deslr.Jy(•d in a Ct1r al 
{Figure 31 r lhe Musko)( Filrn Althou~ 
1hi:11 sit was 'heavily manur~J. 1.1rthcr 
; ncr •astng sot I f11rtl ty and providing 
s.eeds from thfl hsv, tlh, 1 espnnse indicates 
that Lhe pottlntia for an• o.~al forage pro­
rluctlon IS still turch. greater t'1an that of 
the undisturbed tundra. Thu:r., ann ral 
range pr()Jiuctior for grilllWJOrd lrfe-forms 
might bt~ ~ubstontJally improved um.ltH 
ccrtam condtriom of' eaV\- qr a1ing. 

Till' re$POnsiO' \11 [he Lall sh11.1b type 
l<l eaJy gral.ing na~ been ultimately the 
IDss oi nldl'~ (Figu e 41. The death of 
arJN rue 10 browstng protllhly had bene-

ci.,l effects 011 he understory ve!]etation, 
however, that could not be measured 
while the animals were <lSing the range .. 
Certain IOC<ltions, out~• de the ongc unr ts 
where alder Wa\i mmoved, we.r<' snmpk'<l 
to evalaate tne a nual foragP- prod~rction . 
Figu.e 3 !;hCI.vs a substantial 1 esponsc in 
toragl! proa..rcrion OCtlUrred IJe low a 
Cllrl al where runoff lenilrzed an ungra;red 
gra~s stand . There the s· 1nrllng crop of 
Lnl hlueJoint re&JgriiS$ wr: al)!ld abo~ • 
8000 kg/ha (3.6 t/acre} . In another loca­
tion, where th~ ulrJv• Wllr o removed anc 
no soi! f~; til zation ()(;l"~rred. torilg!! pro­
ductton <WE' agl)cl 30out 1700 kgih<1 (0.75 
!/&ere} The re~pon~f' by biuejoint rr~ed­
grass was i!lso qur e vr:s1blc (Figure 41. 
Thl!sc were nm tsolated l'lStances. Wher­
evttr me alder NEne wmnvcd to construe 
1hc perlme "r h:nca, substantial forage 
production occurred. 
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Figure 2-A. A tVptC:.ll ungrazsd, tussock 
tundra communtty, consist ing of n 
assemblage of llchen5, sedges, and erica­
ccous thrubs w1th <Jn understory of mos5e&. 

The growth rnsponses nf both intro­
ducer:! urasses, clover and nat ivL !f•<>Ss~s 

and edges on these Jt~!Urhetl ~lte~: clearly 
dllmnn-rra·· es thr. potent al tor locotl h,y 
prod . on m thr~ r~.JIO . Evf'n though 
tho coastal climate's lr>fluencc causl.'s tlw 
torm •• t nn of tundra Vf'fl' tat . on, rvp•r.dl of 
Lht! \1 ctic further ?rth, the PI esence of 
trees ond pl1nts' responses to disturbances 
hints ol tne po tentia' tor g eatf'r vege a· 
lion ~roduction in the Unala!deetv.cinily. 

Thr. lat tude al Unalakl .. r.• is app oxi· 
matcly 1 11 of He.:Jiof , Al..ska which hes 
l.letween Palm@r a r rairbanks, two 

011 1unities kn11WO tor th~ r agricultural 
uroduc·1on capac•lle~ . Unala le"t cllizenr, 
o• ooucl" successful gard~ns an land a f£>w 
mil~ from their village, providmg Jcfe· 
quate soli fer ili£ati.:m a'ld weed con ol 
arc pract'ced . There ·s qu I potential lor 
forage~o dlld grain crops. 

TWO POSSIBLE RANGE 
MANAGEMENT APPROACH ES 
It 1 he rangc-managernen1 objective in 

this n q•on is to achieve maximum annual 
forag.~ andtor brow\e produc tion for 
musko ""· hen nt tially overgrazing 
thes~ rangl!s may be an appronch llai .. 
taint q such subcl m11x conditrons wou d 
neces.sit.lte judicious use with mterm 
tent protec tion. Mal c.nd cushron tundra 
would I ave to be either fenced seoarately 
if preserved or lef t 1vail<Jblc 1f sacrihcet! 
undr ~tJch a sys.em. Alder stands may .Je 
el!ll11 1ated and th£>ir u Jer .. tory vegeta· 
lion would increase rts prodoction f 
forag'. 

Such a system wo,JI i rt.:Quire wmter 
fe r'111g du1 mg peruvls when the ranqP. 
feet' 1s unavarlable, Pilrllculady if the n~"'t 
<1nd cushion type 1s e ither sacnttced or 
too scarce for the herd size. Feed ing hay 
on thu ~<low-covered range would be pre­
ferable' to feeding · n corrals, because t..,e 
mud 'lnd muck cf corra ls creates 'ln 
unrJ• irc:.ble habitat or both m;m and 
b<> IS,. 

I t range managemc t objective 1s 
to mauHall'l climax plant cornrnunines, 
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Figure 2-B. Trampltng lvehrcle traffic in 
thrs instanC'1!) can ktll the vegetat ton of a 
tussock tundra. The frrst ,Mdlings to rein· 
vade such Hreas in the Unalakleet uplands 
are sedges, _Camx bi'gelov1ii and Eriopho­
rum vaginatam , as in tho wheel t raclu 
along the Muskox farm's pen meter fence 
in th1s photo New 'ledges in these track$ 
are approxtmatoly three years old. 

graz··1q inttJnsiries would • a1.e to be much 
less t 1an those ot the present Muskox 
Farm. Stocking ratA~ of one-•enth to one· 
fourrh of those <H the Unalakleet farm 
rntgl t al gn with that objoctlve. Unde 
such a systPm, ~upplarn n ta l wtnter feed· 
t"'g caul l Jtl eliminated, f l' t hP.r " ough 
m<~t .. no cu~hion ll.lnrfril or o nE>r suitable 
w•ntf>r range tYPEs are available. Both 
abund1nce of w n er range and carryln 
capar.ities of winter and nonwinte r rdnges 
would have to match the stocking rate to 
ma'ntain cl imax rang~ commum ies. 

Costs and retu•ns for the t\'liO alter na­
t ves woull dictate in part the muskox 
ranch1 r s m anagem .. n t c'lo1r.es Fencing 
ar.r ·'ilY ng are expensive tnpUb for thr 
rntel'lsiw! option. The p ti<> rPtr ieval of 
thos" cos ts rnight ltc tn thr. CltViut crop. If 
there is f ~dam to m rke t muskox 
breedin!l stock in Alaska, that wo uld also 
offset part of the Pxpenses in an tnten 
sivelf managed ll'U~kox farm 

he open range option would have 
lower ov~ head and inttial i11vestment 
costs. But he returns may also be qum• 
ow because : 11 f~mCJies would U!>Uallv 

breed only in alte nate years bPcause of 
thr.ir nursing calves as opposed to the 
eMiy weaning of calves under intcnsrve 
stocking whir.h allows females to b reed 
annually ; 2) losses to precf .. tors may be 
greater than whEw• animals a re mo re 
close I., ga.. arded; 31 ~laughtering meat an; 
mc~l s wou d be m01e Jt'ficult on the open 
range rh .. n the slaugh ter of animals that 
can ba easily corraiiQd. and 1'1) the qtviut 
crop would be less easily harvested from 
open ranging animals. MJ nagrmerH tools, 
such as d ft fences roundups, castrat on 
selective breeding, partial supplem!lntrr 
tion .n winter, ran!}ll riding, salting, and 
other techniques could be u~ed to over 
come the limi tdtions of open ranging 
muskoxen . 

Figure 2-C: Severe trampling end grazing 
by muskoxen around corrl!ls and salt 
block' kills all plants Even under iuch 
harsh treatm£nts. the native SP.dge, Carex 
bigelowi1 established seedlings IU in thi' 
photo of a 0.1 m' ctfC\14ar plot. 

Figure 2·0~ Once the trampling and graz· 
ing factors are removed hom a severely 
damaged tussock 1undra, remarkable 
vegAtatioo mvasion can occur, as n this 
corral At the Unalakleet Muskox Farm 
This former quagm~re has been protected 
for almost two growing seasons, and IS 

shoV> n here with a lush cover of nattve 
and introduced planu including. Carex 
IJigPI-.J vii, alstke cover, trmothy, foxtail 
barf v. bluegrasses, ~P~t>ral munards, fire· 
weed, lambsquarter. and knotweed. 

120-A: lft"'-CO"'f'lt::UH.C 
lhn•wu. 

T~.-!.li!.'IQS; ...ID.UilBI&1.. 
Figure 3: Comparisons between sedge 
tundra and tall shrub range types io termli 
of their 1979 standing crops of sed~ and 
gran fofa1)e in September. The natural 
sedge tundru was ungrazed_ Production in 
the corral OQ:Urred with protection from 
grujng for the entire growing season 
following total destruction of the natural 
vegetation. Grass in thl'l fertihze.d 5ite wa$ 
influenced by nutrientl 1n runoff from 
the corral. 



CONCLUSIONS 
Muskoxen n ave a Wide-ranging o alatn 

tha . lnc lud as no : only 1he sed!}fls and 
lichen!> of the tundra Wt also forb~, 

~rasses. and sh rub'> . Therefore, they 
appr>ar to be adap tec' to climax a~ well ns 
suhclimax tundra rang£> vegErtan o n. Tl IS 

offe '5 sorne advanug~ over caribo11 and 
re•ndn£1r whlch are adopted primarfly to 
<I m 1)( ranges. Unde r heavy co ncenlra­
tlons, rnusko xen would r robobly com­
pete w1th other nd qenou~ ungul.1tes such 
as r.aribo u and moose In ti!rms of a mPat 
soLIICf! produced from tundra ranqes, per­
haps m uskoxen have some a{lvantages 
ove •·ee-roarnin~ ca1 ibo u, making such 
comp1 t"t ion an acceptable alternative. 
Burcl1 (1977 1 concluded that "muskoxen 
are seden ta ry cr~:aturc-s wh0$e d i!ill illu· 
non •~ relat1ve ly r o 1St. nt throughou 1 he 
anr u~l cycle . .. " as opposl!c1 to the higt"lh,' 
m1 Jr ttJry caribou. Hence, the arvest1r1q 
ph<ise of oren- ranged m usk.o xe11 would 
proba Jly he easiL.r ,har. w ith c aribotl or a 
year-round hasis. 

Muskoxen are effective as a biologi­
cal control of alde1 w hen con.,ined and 
stock.-d approp·iately high Because 
rnu .ko'<en are unahle to nancuver in 
tleep sno w they c o ulcl lw. us1 d a s b iologi ­
cal controls on alder only durin f1 snow­
fret! !>e ilsons in SO'Tle parts of A laska. 

Tussock t u nd1a and tall shnJh veg ra. 
uon lYIJP.S a nnually produce more heroa­
ceous forage fo llow ing clisturbance by 
11eavy grazing. Lichens a re probab ly thr. 
first life forms rP.moved u nder heavy yrnz­
ing either by co n st1mpt1o n o r tra1npl1ng 
uy the an m a ts. Sedyes a nct grasses increase 
thDtf prod uc tion o llowing hP.avy gru 1ng. 
Ft!t Ill l ing e nhance!> such p roduc tio n . 

Hlghpoints of the landscape are ~Jrt7-

fe red by muskoxen dw 1119 w irter even 
though othP.r areas m ay btl sno w free. 
Durin!] winter, !-)ras.s hay can be fetl to 
rnuskoxen, and Lh~y survive q uite well . 
Undet the cu rrent co nd itions of h~> 

Mu-;kox Farm at Unalak lee t , annua l hay 
ne-ed for each adull PIUSkoxen is abou~ 
450 kg (1000 lbs) . T h a• w nuld prov1de 
feed I or about 1 00 days p 11 · v eer. Con· 
s•dl!rTng each reproducing adul is worm 
$8 ,000 to $ 1 2,000, the cost o f 1 000 
pounds of hay is a reasonah le investment 
lt Jnimals could be m arketed tor b reeding 
stock. In terms oi e-"ther qiviut or meat 
production the costs o f feeding hay in 
tundra regions should be considered r.ar" 
fully. Ranginy t i'H) animals as much as 
po~.slble to m m in 11e h ay costs wouh:. be 
most economical. T he most .imt•tng 
nutrien t needs to be determmel.l , i.P. pro 
teln, ene rgy, etc. 

Continuous stocking rates of .3 to .5 
hi!/AUM are probably excessive consider-

, ng long-tl!rm , rt~ngP.-managemen ~ objec­
tive&. HoVII--eve r, such st uc k.1r1g rates may 
hiiVI merit a s '! met hod of shifting tile 
range nto J lo we r s uccesstonal and p ro b­
ably mon; prodUctive stage for grasses 
and 5edges. 

Soma. important quest ions concern-
ing muskox an managemen an 
1) What are app ropriate r.toc king rates for 
vanous fange use objecttves? 2 ) How 
elfP.cti\IP. i~· ·otatron grazinr vV!I h raspeat 
to those r ngr obj[)CUves? 3 ) Whlll rH<! the 
productlor• l ~ ve l \ of range si tes thAt havP 
bee'l mrF!rgrazed and push~d w a tower 
su cce ssion al stage? 4) Can t he animals be 
opon·ranged and s ill managed t o r qivi1.1t 
as well as meat7 and 5~ what are the 

FigurE! 4-A: A tvpical unbrowsed tall 
~hrub comm unity outside the penmete.r 
fence at l"a Unalakleet MuskoJC Farm 

Fi!Jllre 4 8: Heavily browsed tall shrub 
community im;de center rang uni1 at the 
Unalakleet Musko• Farm, Much o1 the 
alder has been killed by the y ear·round 
browsing. 

Figure 4-C: Tall shrub si1e from wlud1 
the shrubs have beP.n removed outside the 
penmete r fence at the Unalak leet MuskoJC 
Farm Wh en the shrubs are re moved, tall 
grasses and other nonwoody species 
respond with lush growth. 

economtc con~iderations for the range-use 
options nd fot local hay production? 

lnltnllv it wa5 stated lhar experience 
in antl knowledge of the m.1nagement of 
tundra range are paramount for sustained 
use of its resource~ That is lHIP but sim · 
ply .supplying those data w1!1 not guaran­
tee that mvskox ranch ng will come nf 
age in Alaslta's near Lrturc Along wilh 
inll~~ ing in U1at resea.ch, a concutnmr 
support of the imiustry i r~rtl.ltred ro 
ensure Its success. Faclor,o; rei. t og to 
soc•al, !lconomlc, <nd political conJit1ons 
may l1ave at least 3~ much ettect on the 
viabi lity of ~he muskox industry as do the 
biological cons·rain ts.[l 
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Alaskan-Developed Grass Var' eties 
Coming into Use 

by 

Wm. W, Mi tchell" 

MOST GRASSES USED IN U.S. ARE INTRODUCTIONS 

Bf•cause o f t he long lead time nec~?Ssary tr. d evelop new 
varieties, plants most commo nly usec:l 111 new ly settled araas are 
introductions. Alaska Is no !'xceplmn, but rewarclt at the Agri 
cultural Fxperiman S anon s maklnq mat~rials of r~orthern 

<mgin available fo r uge at norther'l latitudes. More emphasis ha~ 
been p 1ceJ on the pot ral of nanvt phr ::. •n Alaska thc111 
else 1here, probably becau se o• it~ envtr.ortmen.al const1 rtions. 
Thter varieties of grasses lndiganous ro Ala~ka W'i!FI1 rt.:cently 
re leaseG fo r rcveqetarion pu poses (Mitchell , 1 9.19:~). 

Most o f the important grasses used In the United Ston:s 
are introduct"ons (Hanson, 1965). The chtcf ·nteres t In grasses 
hroughout our l1rstory hos been ·r, fo111ge types. though lann· 

scaping and Cotlservation uses have incrr.ased in import;mce In 
our COfll Jry. ThP. cnrly colonrsts foun<• that the n~Jtive plants 
which hr~d sufficed for the w•ld game ot eastern No1th America 
w~>r>' n.;cle qLJJtl! for ,hi!tr introduced 11-J!!:>tock !Ahlgren. 1956). 
Soot~, 1J1ey began growrng forages wi th sc c Ill ough t from 
Europe; this pract ice has conti 'lued, with concerted 1 'forts 
being made today ro obtain seeds f10m hro ughout t he woriJ. 

Among the in trodLiced grasses most mpor t11nt to : h L 
nDrll-temperate·to boreal regions, exclud ing cert>als, are s<nooth 
bro!l'egross (Rromus inermis ). timo thy {Phleum pretense ). 
Kentucky bluegrass IPoa pr<uensis}, orchardgross (Dactylis 
glame.r.mJ), meadow foxtail (Alopecuras pratensis}. creeping 
foxtai I (Aiopecums arvndlnsceusl. red fescue {Feswca rubra) , 
~edtop [AgrostJs alba) , creeping bentgrass (Agrostls {NJiusr-ris ), 
crested '.'Jheatgrass (Agrop yron desenorrrm ), and quack grass (A. 
repensl. A n urn llo!r o~ these have been t.J3ed for purposes ather 
than or in adrtition to forage grasses . The last of rhesC', t"ough 
generally not used L>v rlesigl', 1s present in many fo rage f ields 
:md disturbed ilreas owing to its aDgressiveness and persistrnce ;~s 
a weed 

Interestingly, history repeated itself in the early P.tfort s 
with IJ rasses in Alaska. Difficulties encountered in working with 
native grasses and legurnes for hay and paslure caused t l e Alaska 
E.xpLriment Statio n to turn to unroduced varieties {Irwin, 
1945). The earliest t rials commenced about 1902. Although 
Alaskan latitude~ are considerably nonh of the l1kely orlgi ns of 
1he esses then ave~ilable, their b road range of adaptability per­
mitted a mea~ure o f success With some o f the i 1trod uct ions. 
Ecotypical, o r varietal, diffuences Within specios are important 
to possible ra nges of app lica tion ( Klebesadel et al., 1964; 
Mi t chell ancl McKendrick, 1975). and over lhe course o f m e 

• Prolt~Uor of A!Jronomy, Agrocuhurar Experiment Station, Pa lme r, 
Alnka. 
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VP.ilr~ contlnued ~rial> r11il ctelineatetl me moGt reliahlt! Intro­
ductions for use in Alask1. T he srec~es thnt havf· lleer .hE mo!il 
lleFJendablc In provr lin!J northern aJapted materials nclude 
smoot tl bromegrass , timothy. Kr.nwc:ky bluegrass, red fescuf!, 
and moadow foxtai l { Kelier anr' rtebesadel. 1 973; M•tchell, 
1978a; Alosk a R .. ral DcvelopmP.rH Council . 1917). Others. that 
huve han mom llm•ted applicat•ons ·ncl "cle creeping foxtai l, 
sheep fescue {Fe*;tuca ovma J. crccpany hcntgra5s, reed canary 
grass (Phalori~ awnrlinacea), and crcs.ted wheatgra~s . 

As rt!~·egetation needs lncreastld, the specie~ forJr,d be51 
adapted for fo rage and ?olStun~ use and for \Ui f pia llngs were 
tho princ ipal source of rnaterials for rPvegl!tarlon u.scs. Where 
revegetation reouirements occurred I or uordercd on areas with 
ogricullural histones, th~se ma1erials often sufficed so long a~ 
proper varie ties were 11secl. Bul SI!VP.re wintef'.i can lniUtt. or 
decimate even the better-adapted introduction~ ( Klebesadel, 
1977L 

Grow ing cond1 •ons are not the crrteria , however , wl ich 
deterrn rne w l1ere constructlfln anu resource.-.cxtraclion activ iti ~s 

occur. W•th the advent of an arc-tir: o1l tleld and 'l ~·i l)elrne t rans· 
l}C1in:,t AI<Jska from the norlh coast to thL south coast, environ· 
men'-' hostile to vP.n 1he better adapted, i _roduced plants were 
bound to be encountered. Tho time for a S4mous l oo'< at nat1ve 
plants was at hand . 

RESEARCH ON NATIVE PLANTS 

The Rockefeller Foundation fL ded d pmjoc:t fn the late 
1950s that aidP.rl in t, .e co lect•ort of indlgl"nous matenols 
throughout Alaska, which wen~ then established i'l nur~nnes at 
lhe Palmer Resea rch Ceme of the Alaska Expp,tirnent Statlor1. 
That fundmg continued into 1966 Thus, o base 1ad been estab­
lished for the research to bP. conducted on the oi reid and pipe· 
llnr~ JJrOJflCl. The program I ad already p rotluced sornr. significant 
results in the dev!!lopmenl o f the llarteties 'NUGGET Ken tucky 
bluegrass and 'A ACTA RED ' r.d fesc:ue (Hodgson et al, 1971 ; 
H()(I[JSon et at., 1978} releasl'd m 1965. Both gr a~es di$play 
exceptional win ter hardin~ss. 

Nuggc• bluegrass was colleCli!d a t Hope, a mining seule­
ment on the Tu rnagain Arrrr southeast of Anchorage. Its origin 
il ri o r t o · rs estaiJiishmenl at Hope IS no known. Nugget ha$ 
been 1n o utstanding performer as a tt.rf grass. The tr1Je origin of 
A rc tarr.d also is unknown because of the c ircumstances of its 
collection Its behavior definrtely identifies rt, however, with a 
n•mh-lautude origin; Arctared most I kely is an indrgenous red 
fescutl. I t has provecl to be superior to any ot thP Introduced 
var iette~ of red fe!;cue n most ~ltuationo. 



Tho s i gnitican~e of these va1tetal n:deases was !Jive•• l:lmpha-
m In m e early revegetation stud1es in thl:' Prudhoe Bay ad tir. ld 
in IJ',hich Arcta red 11'13!> hfl only entry r "'e comrmm:ia ly avi' I· 
able r •atcriais th pe form~d wttl a1y rel iability [M rtchcll , 
1978<~ b l 1\Juyg-et uluegrass, the ne) • best of the commerc i.: 
cultiV,ji S, wlh marginal In pcortormanco. Test~> at two at rinP. site> 
in mtedo r Alaska also lf"\111C3 ed tiH'! ~P.riullS limita tions o t 
currenrly <:~va i lablt. cui t1iars. Results wrth certain native Ma-e r~a l s 

includecl in these tests rndicated rhat they wr1111<.J bear asse t to 
revegetation !n ixes for these tougher, e 111ironmen tel srms-. 

Fro01 trials conducted .since 1969 ,VI" ch(lll ar al., 1974. 
M•tr.htlil, 1 978a; Van Cleve, 19/51, i1 is evirler t thaT the r""Jost 
,·utica iefic encv in plan· matt11in ls ava•lable for revegetation 
)Jtlrposes occurs under t ht! sevr.re cond •ons of the Arct rc . 

Three Nat1ve Vaneue~ Released for Rovegt~.taticn Use5 

Three cultivar~ oi nnti\•O grasses have bee 1 relt!ased for 
commercia l production t hat w•ll great ly ir p1ove the re'Jegetation 
m x ~ v<: i.Jhll' fo1 th~. m orH sevHre l:lrviro nrnen tal situ11tions. 
An lr ns vc effort has )e»n m<Kle to obta n rnatArlal o I aiCtir­
or igm I or use in l ntl .1\rc t . ""'lle most !Ouccass ach 1VC.d o date 
h ~ he~n willl a $mall, lU ftcd grass rei;Jtpfj tn h £ miJiar ldWII 

!iJrass, K~nttJ~:kv blueg1.1ss ThP. v;~r ie v 'TUNDRA' glaucous 
blutfg.rass 1Po.1 glotJt:tJI was dev~>lo t..e<l rom selective work ba~P.t J 

on bulk s~ecf sam~ P.s r.oltec terl in the Arctic In 1969 nnd 1970 
!Mitchell. l979a}. The pawnts were located aw lnq a botanical 
~ 1 V< y alo ng tho p i pelio~ route (Milcl1eol, 1970) along t he 
Saq;wa.,irktok Rive r ·n the vicinity of Sngwon, about 65 rn "les 
SOli ttl of P udhoe Bay . Sagwon was a main s'aging nrea 11:red by 
compallies In 1olvr.o in 0 11 explor. t1 0 11 ru.l d rilling n tile footh ill 
reg111n of n Arctic prlor to ·ne Prvihoe Bay d .cov·~rv on t lrr:: 
non 'wa~ta l plain 

Thougtl not <1 comm•'l1 rnem~t o1 tundra con m m iru.:s, 
trc pldnt lookeo IC.ffiJ) ng because ot < pparf'tl ability to 
::~cc JllV distu rbed ground and to pron :1 a qo«~d amount of seed . 
Wh•;n established if) a spacP.d-pl:nH 11u sery at ?alm{lr, however, 
many rf the plants urew In il ll ex treme prostratl' :ash1on, .enrler· 
i11g it JIJosstble fo m act1 lne ha \'est or !\eed; Jrthf'~, a nurnbcr 
exhil.>itP.d signs o • stress and tniled ro ii\11:: bt>yonct two years. 
Fortunately, plants of • IPiariv!!'iY uprigt • 1ype wer~ 31soevident, 
.:;nd e•cntull llv 23 plar ts of he UtJrlgh type tl at persisted 
l>eyonct three vears were selected os lh~> broedlng stock lor 
Tundn~ blue~rass . 

11 111cl a bluegriil>S as grown vigorously and persisted w~,;l l 

111 all upla ff p lots in whict. .twas establlsheo In' r.ti r. 1rials; in 
mfxed planti~gs or nuch si tes, t has bP.fln 1ne d or in an t co mpo· 
nent. Tundra Is MOt W(J II adapt~d to wet ureas hat become 
ponded fo r per iods of t hn e, ThiS matenal of arct1c orig n com· 
rnences growth ea fler than other grasses In the Lrlals a d heads 
abundantly unc!e• nrc ;c conditions. The early growth is grazf!d 
by ~ar l>ou , IJUL upon heading, the qrass appears to l.Jecorne 
relativ~ ly PlJlalatable. Seed product ion in ThP second ~ear of 
growrh o f Tu • d ra bluegrasi h~ s rangoq ft om aoo11 1 300 lb/acre 
to < n t>xceptrondl 1000 II /acr e, in one trial in plantings at 
Palmer. Yields ha\-1, rl~ r.li ner.J in ' hP followin~r year; t • p pe1rs 
cldficul to r in rwr , see.d·produclnn hro id beyond two ,,arvP.s t 
year... rhe grass is s .. bject to thr. deh I ~a ng e ffi)CL'; of funga l 
rli se Slh, -.>arlicula ty povtrJory m tlde\' , wher1 ttrown in boreal 
te!]ion. Such lim'lation In ht< performance of Tundra would 
appedr o confi ne i1 to the Arctic for revegetauon uses, where lt 
is on P.Xcellent fJr<Jss. TL.ndra current ly is be· g aPJJiie<l by the 
t l u~l<y Oil Comnany in th&·r revegc tat im ehorts in tho Naval 
Petroleum Reserve ot rlw A· ctic !Figure 11. 

The VIJ retv 'A L YESKA pota rg~ass (Arctegr asris Jacdollfl ), 
also of indrgcnous o r yin , is ano P 1mpo1iani add •ior to 

materials adapteC: for u~ ·n tr e Arciic and other tundra regions 
(Mitcheli, 1979a}. l he vi;r ioty i ~ base-d on 27 r:ollec.tiors of 
pola'llrass m arie th 1ough · 1terror and wester~ Alask.n. Thr p lar•s 
Vlrcril gr >wn n nurse rie~ at PJimer tor 7 to l D v~:ar.; prror t o 

1> •ng c0mpoS1teJ Into "' brofl'• ny block fnr ti1F v; r ety. No 
pl.<n ts o r drctic on gln h 1Vr. I f!en 1ound :Ollltable for tncluslon ir1 
thr. brecdlng co nposilt! hecau;e of thnir extlam~ly porn seeo· 
proc Jcin!] ubr l tv . Co,poncn~ of Alyeska war~ t~51Ed tn rcvog -
totion :.tudles c mducted ,Jiang portion> oi the trani·Aiaska 
p1pellne o ••e anr 111 the Prudhoe li<ly o I i~ J. Polu {Jrclss has 
be1;m 01 e o the ben pll'rtorme•s 111 the arr:tic o l·fleld n.a l!l, per· 
s isting Nr·ll u1d1:1 va tiuu& conditions (l-1g1. r 2) Alyesk a is 
com t""~WJntm~<~.rv to T lrndra bluegrass anrJ Arctared ·escue 1n Its 
adaptations to ,._Arctic, h<' n& bf tier sui tetl than Lllc: other twCJ 
to rhe lo w, occa tonnl.y po•tderl s1tes. It has l);mn grazed readt ly 
uv cari JotJ ·md flm<un · more palatahle Than Tundra bluegrass 
1hrougl1 II• • growing season. 

A lyeska ts mo~1 .:tppropt ~t» lot the cooiP.r, rnni$1, growing 
reg,ons, anc. m av l:>e llXP• ctfld lo Jo well t1 'l tundr si'~>s o= that 
character nlo"lg the Wl;lst Cod a.r d In 11Jm1e !!)!]tans. It is not 
well ~urtad to dry s1tes or those ~ub »ct to desiccatm!] winds. It 
toleratP,S stron!JIV acid soils and <tppcr~rs immune to snow mold. 
Thus. i rnay tldlll! applkatlon on cliffrcul· l<:Jwlanrl, bO:J!l'l' sates. 
pa ticular lv If tJ1 y ara acullc and Ubji!r• l l> cHst tl$e flroblems. 
Seed. y ields In 5rnall plo- pln11 t logs of th s q• .w at Palmer hav ' 
ran{t'!d trorrt ~bout 80 to 450 11>/acrr. 

A th ird na rvr. wass variety that has been r(!l• nsed for COIT1· 
mRrciat p1 ocluctlon has wider applicadon th1 ough tht> !>oreal, or 
forested reg·on o f Ala5ko man Atyeska. 'SOURDOUGH' blue­
join r 1 eedgrass (CiJ/amaqrosti s canodr.nsis l is baset.o or 36 coltec· 
ttom rnctde th rough interior t~nn southcentta! Aiaska (Mitchell 
l979a). Blue~otnr b p o"l tl lv Al11ska's most abundant native 
;Jrass, trec,uen t ing cornrrumft e'5 throughout 11 ;)ml.a1HI Alaska 
•xr .. .,pr in the Arr.uc. \"here it i ~ rare to ·1il!tenl . It often dom1· 
1ates grassl, d c.amrr unities '" ~outhcemral to s.outhwe~tt:m 
Alaska. 

Sourdough , <1 tall , . f''~h IJiaSS, is adapted to tuncfr;t atH . 
tomstml regions ~ rounnou L Alaska for stt!!s; that arr. Wl!t to 
moderately d y. Blue jm t. I kc polargrnss, tolt.>rates strongly 
acid >o tls an(j appears · mmtJno o snow moltJ . bu l endures drtl'r 
si es than polargrass. So Jrdougt' t:.11n be used in arcti c revegeta· 

Figure 1 : Excellent first·year growth WilS achievlld by a planting 
of TUNDRA bluegrass at an arctiC dr1 ll stte an the Nav<!l Petro· 
leum R~se rve . Philip Smith , an !lnv•ronment.al manaq•H for 
Husky Oil Co., l!'l~pe.c:ts the ~e~d l ng conducted under his super-
171ston. The vario.ty -ruND~ A was developed from matena l of 
glaucous blueg ra~ collect d in 'he Arctic. 
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Figure 2 : Research plots of polargrass, le ft, and b luejoinl reed­
gras~. righ t , pictured entering dormancy in earty September in 
the Prudhoe Bay, arctrc oil fil!ld, maintained vigorous growth In 
their eighth year after establishment. The gra11sas have not been 
fertiliced since 1'976. These entries were comh1ned with other 
Alaskan collections to form the breedmg matereal for their 
rupec:tive varieties, Al VESKA polargrass and SOURDOUGH 
btu joint reedgran. 

lion m xes, particul..~rty for the foothill s region. Blue lo m has 
showr good nersisl f!nce undf>r a vanety ot cone: rtwn~ in forested 
a11rJ i! lplne ancl arcrrc tundra rna•~ (FigtrrP. 2) . 

Untort mately, 5B('d r roduc. tion of bluejornt offers som~ 
dlfnculrics (K iehesadel t!f al. , 1962). Trial Jllantlr1g$ indir.atc 
probab e yie rls of 20 to 50 lb/acro, tllougJ p rodt.t:hon on sam'! 
plols has equalled 100 lb/acrP. 1 he ;eed d isseminates soon after 
rirJenino and is ea(!'ly scattered bY w.nds. Thu~. irs 11arvest 
requirfK alnrtness. Also, wi thout preventive att.e11 Lion. d varying 
por<:e"~tage o' the crop may be lost to insect or fungal infesra­
tiom. which p roductl thtl c ont.ition known as s·lvcrtop lor white 
too), Been usA o f the t!Xlremely m1al l ~ 1zc ot rhe seed, low seeding 
t ate~ o . 5lbs or less pe1 ilCre can produta good stands. 

Alye5ka and Sourdough have low seedhn!)Vtgor. i.lS rs o f ren 
the til~ with natlveo gras~es. When seeded In mrxes with other 

well-adapted grasses, lf'we1 seedmg rates will better enable Ll1eo 
riP.Velopment o1 tht~nalive grasses. 

NATIVE SEEDS HELP MEET REVEGETATION NEEDS 
AND SPECIFICAnONS 

Speci fie seedmg .~r.1ficat i ons ~omntimes requ•re or pro 
mom- tfle use o t n atr ·lt ' ~rasses for ro ... ~y;,tation purpo~P.S. On 
Amchilka Island, t'lf! J.S Ftsll and Wildlife Service speclf ird 
thaL only perrnnral ~pecies ld<lntic.crl lo those i dqr.nous to the 
t~ion cou ld be used tor r vt>gtHation oo Amdrttka Island. 
Revcgotation was naccssa1y !o w11er d isturbances cmatcd in 
conjllntction with the r.r 1clear-testing program. Preliminary trial!; 
indicated that seed of only two sp.ecies, red f11!>CUP. and Ber ng 
hairgrass (Doschampsia bermgensis). could be m,rtlu <Jvallabl~o: for 
rhe ourpose (MiLchell, 976). Approprra1a material of red fc:scuP. 
coulrl ba obrained commercially. but thr Be 111 hairgrass wns 
ncccssanlv har rJ 11arvested from nanvo stands, with over 400 lbs 
s ppllrd for the effort in Th $ f<:~sh1cm. 

So1..1r'dou~h bluojoirrt and Bering hJtrgrnss: serd );emming 
ftnrn rFSearch at ttw Palmer Experiment StatJo• "bn have baen 
JSe>d successfully m :1 rtlv!!getatior. p roject in th•: Gl 1crer Bay 
Ntrtional M() ument, fulf lllng nat v ·Saacl specif'ca. ons. 

The Alaska Fish and Gar111~ Oepartmf'nt conlronted t h~ 

experiment station w t a particular probl~;rr 111 prouidin!) seed 
for a waterfowl habitat project rn a ticlal ea, thus r,quung 
piams with ~alt ·water totarance. 8 rio!J 11arr!)rB5S seed from J 

popula tio11 soura! th<:~t OCCltrS in the hiQr-ttde one of so me 
t ·ia f lats in thtl UPP''I Cook Inlet, again, SU1Jpllecl the <Jf"SWflr. 

Bering llalrgrass now occupte~ sorno hland5 constructo(l 1n the 
WBstchester lagoon In Aocilora~ . atfor'dlng C0\'1;11 ror wateriowl. 

Of poss1bl!: si~ ll tficnnce to seed ~r lW•~rs of AI ask 'l ts. tht:: 
performance of Alaska-~ourcl:! m, t~rial ol Be ing hnirg ass seed 
m revegetation •rials: ·n lcr arnJ lMitchcll, t 979hl. The sLJperio 
per rorf"ance ot experimerl[al seed lots prll·1icled the lcelanrt c 
researcher, 1 hors e·nn Tomasson, has culm mated n the purcha:.e 
of over one ton of seed by lhe Iceland So' l Cons~>f\latio Ser111ce 
for .. 1ore extemive rrals. Thts seed wac; <Jrown by the Alasl<:a 
Pfarrt Materials Center. Work is Currt:ntl'f untiP. tWiiV at the 
Palmf'r Rest~arch Center of th~> Experiment Station to develo p a 
varuny fof commerc a l release.lJ 
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Persistence and Movement 

of Agr· cultural Chemicals 
. 
1n 

Soils in th e Delta-Clearwater Area 

hy 

Charles W. Knt!)ht and Carol E. Lcwts "" 

Wh at hapf)t!ns to ngriCtJitu ral hemicals when 1hey are 
apphcd to the cool so~ ls o l mter10r A ask a du ring farmtng opera­
nom' Arc they rapidly brok~:m down m to nontoxic com pounds 
1y \Oil m icroorganisms, or is this L)rocess retarded b y the cool 

so il te nperatures? Do they p resent a th reat of contamina ting 
grountl and surface watnr suoplies in developing agricultural 
areas ot Alaska? With 1t1e recAnt expansion or large scale farm mu 
in inte rior Alaska thesE~ questions am' m any others contmually 
il rtW c·oncerning the tete of chemlc dl fe rt il ize rs and he rbicides 
when applied to cnnl soils particularly wher pe m afr ost is p1e 

sent !Permafrost Is a l)he l1omenon nccu rring m r:old regrom 
wh rem ru bsurface l.aye rs of soil rfln'l<lin frozen yea r around due 
to poor dra fnage ar d la rqe onwun , .; of insulatm~ organic rna-t er 
on rhr soil su rface) . In 1979, with lan J cleari ng underw ay in lhe 
60,000-acre Deh .. Anr ir.ultural Projec • a cooperativ study was 
initiated between the Un iversity of Alaska 1\gricultural Experi­
ment S t ation and lhe Unitecl S tates Department of Agricu lt1..re 
Soil Conservat;on Service w it h assistance f om the Envi,on· 
mental Protect ion Age ncy . The ob jective was to stu dy the 
j:)llr~istpnce and possible movement of fertll izHrs and herb ictd cs 
over o11e croppinq seoso n whr>n these chemicals were applied to 
sa ils in t he Delta-Cie<Jrwater ~rea. 

EXPERIMENTAL PROCEDURE 

In t ht:!- spri 1g o f 1979, rhrec si tes were selected on three 
different soi l >c ies rep resllntl t.t a c.r oss sec tton of the wi(Je 
range of so ils in t he Della-Ciean'.'ater area . Site No . 1 was selected 
on ' R ic hardson slit loam. This site l1ad been under culti v<Jtion 
tor approxim<ttely 30 years, but was close to sorne or tho newly 
cleared lands. It representeci some cf 1e rnos llr odur.nv£1 so ils 
in tile a ren. The Ricnardson series is c ha ractarized by apfJrDXI· 
mutely 4 feet ot &t it loa m ollerlyi rlg ve ry qravc11y coarse sand . 
Ntl permaf rost was p rcsem at tnis si e, 111 cl the watrr table w a:s 
at a depth of approx1rnnt!!ly 15 feet 

• lrtStructo r, Agrono my, Agricultural E"periment SlBtio n. Fairb anks. 
•• A.iiSOCiolte Profecsor, ResaurCQ Managowrnl!"nl. Aoru::ultural Expe,-iment 

Statio.n, Foirboank5. 

S1te No. 2 was :oelec el. '-''' J Nenana silt loam so·l. Thi:; 
sit~ was located on la,d which had bt1en cleared cluung the win­
te r of 1978-1979 and was cultiVated fo1 the first time in tl1e 
sprin~ of 1979. The Nen rta sllr ies is r l1Pmsontative of a majo1 i tv 
o lhe ti I blc soi ls in the Delta-Ciea. W<lti"r 01rca and is c hantc t.er­
izeti lly a man rle of si ty soi l approxlm<nelv 20 inches th1ck 
overly"ng ver 1 gr~velly .-and. P~rmatros~ vas pre5en wnnln ·1 

foot of me soil sill face in the spring rn 1979, at the heq nn ng '1f 
this study . The hott11m of 1 h permafrost layer was mr.asu eo at 
appwx1rnately 65 feet. Th~ wati!r table In this area is , t approx i· 
mate ly 160 fee.t 

Site No. 3 w as •elected to n=!presAnt ~ome oi rhe poorest 
agricu ltural soils in the area The sUrfilce soil was almosr pure 
sand and was initially classi ' "ed a~ a Beales ~oil. How{!ver. l1ter 
c:ore dr"lling reveaiPrl th;n there was a bunecJ Nenana sil t loam 
soi l unde rnealn w 11n IP!Jf'?Xtmatoly 18 Inches of sandy oul wash 
o n hP surface. For rhis ~u dy, ' ' e lr • n11ticd rhls soli as s moly 
"sN1d" rhts si <c \'oBS cl areJ i 1978 INI ~ r.t IIIVilT!!d tor thr. 
fim timP in 1979. It wa; n ntl\tl'ly clo~e tc> SIt' No. 2 a 1c' had 
Similar permafr , st 1:1nd g oundwatr>r cond1· ions. 

Bat ley and rapeseed appeu to be ttl1 two most promising 
uops fo r the De lt_. Clearwater ar~a T 'le he-rhic;id~s most fra­
qw:mtly used on these cro~1s, 2,4 dlch lo rophcnox yace ;c acid 
(2 ,4-Dl ar,rf tri•tu ralln I.Tmran), 'Nere seiPct~d for use in this 
study. The he rb icidP. 1,4 D is used on barley and other small 
grBins fo r the con1rol o broadleaf wee.ds. It is applied a ter the 
bar ley and weeds have emergf!d <Hill !.:ill& only rhose weeds with 
wh ich it comes 1n c ontactdunng tll~> spr<~v nq Clfl"t<Jtic 1 rreflan 
Is a preplant. · ncor~lor rPd herbiculo U5ed fo I• o ...<: leaf weed 
control 10 raoeseed . I r ~ 5f)raved l)n the so1l oPfcm p an tin~ and 
l1> w o r <ed 111 ro I lle soil with a tillil!.JC frnplemen . In tim study, ~ 
1isk was usecl Trefl:~f' ~ a.,~ in thr. sotl and r.ontmu~ tn kill 
ger'11inaling Wl>t:os u~~~~ It 1~ broken down by ~oil wkroort.;<l -
ms.ms. The fertililers us~l for j.)roduct on of bQrlr.:y and rapes-eed 
In thn De ta-Ciearwater area i'Ht:l n 'oqen, phospt 'lrus. and 
potassium. In th is study, fertili.cers irt tilt.: form of U<ea, rmbic 
s•lpe rphospl'lat£!, and potassium sulfate we e broadcast prio ' to 
[.li <Jnting and inco rporat• J wi til a single orsk"ng operation. No 
top-drl!ssing wa& usefl 
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As soon as the three sites were denti lied i, the spri g of 
1979, a series of so I r.on>s was takP.n to .l depth of 4 fe~t at each 
site. Two-incl" diameter cores were taken sing a Gidclinqs 
twdrau tc so1l prooe !Frgure l ). The God r.ores, ar example of 
which i5 shown ir. Figur>:~ 2, were drvided Into 6-1 nch incrernents 
to a depth of LJne foot :Jnfl 1-foot mer menU> lhercatt .. r. These 
samples were analyzed for ferttlizc-r; a1 cl herbrcides to deter· 
mine what was present In the soil prior to beginoi g the uudy 

A normal rate of applicatlon tor each oi t11e two he tbi ­
c:tcles was dctcrmiiH!d to be one pound oi acrive ingrerhent per 
acre. A normal ratt! of 1eruhz;:H applir.ation for t ese sorls was 
detern ined to be 100 lb/acre nitrogen, 5{) lb/acre P2 0 . , and 
50 IL 'aero K 0 . nw $tuciy was designed so that eact. crop 
rece11J!'d ferrthzer a a ?er o. normal, and four •irnes norm11l rate 
In comh nation w1•h he noT!llal nne of herbic.de : and he bicide 
al a e o, normal, 31 d foor t1mes normal rate m corni.Jination 
with the normal rate of fettJiizer. At each srte, oarlay and rape­
!>P.ed werr. •<trlr!omlv fJianted In six 111a1 olots. Each plot was 
split Into five .<.~LJp,ots, each of Nhich 1ecewcct ant! of ·tlle 11e 
treatments des.cribml abovt- and ~hown in Table 1. 

Tabla 1. Herbicide and fertilizor treatments applied to 
barley and rapeseed plots 

------------------Barley Rapeseell - - ~ 

2;1·0 fertilizer lib/acre} Trertan tArtlliLcr Ub/;:~crel - - --
(lb a.Ua.)a N p,Q5 K20 (lb a.l./a.) 0 N p~ 05 K)O --a 100 50 50 0 100 50 50 

1 100 50 50 l 100 50 50 
4 100 50 50 4 100 50 50 
1 0 0 0 1 0 0 0 
1 400 200 200 1 400 200 200 

al'ounds of actrvo lngre<1rP.nt/i1cn!. 

Attrr the plots ha(i l>een planted and all fertilizer and 
herbicides appl ed, a furrow was plowcd a ound each subplot. A 
typical r1 t cherl subJ:Jlot is shown in Figure 3. A 1 g<1flon cJiass jar 
w<rs buned tn the lowr,st pomt 01 the furrow to C<h Cil a sanro'e 
of tunoft Willer wh ch might few off the plot du ln!l n rain. 
Onlv oPe ain was or sufficient intenmy o cause any surface 
runoff. This occuned JunnoJ early Au!JUst; imrnea1ately after· 
wmd water samoles were co lecmd ftom tro jar at m:rch plot. 
The samples were frozen to presmve them for fertilizer and her 
bicide analyses. At the same tune, •.•.1ater samples wPre collec11ld 
from an area oi notural vegetation n~arby to CQmp<un the'r 
c- 1ality with tl1ose from the test plots. 

In the fall, following the harvest, replicated soil cores were 
taken frorn each subplot. The cores wori! davided rr1to 6-inch 
increment~ to a dtp hat I foo t and 1 foot ·ncrerncnts for the 
l!'maininfl port1on. Soli samples for herb•cide analyses were 
lrnmf!c'lalely frozen following coller::non and were shipped 
together w th water ~amples to Raltech Sctentinc Services, Inc., 
Vhuison, W1sconsi n. All soil samples for ~~>rtilizer amrlyse~ were 
frol:en and del vercd, agal with •Nater samples, to the state soli 
~~ling lab at Pi! I mer, Alasl<a. I hese samples were analyled lot 

ammon um and ni+r.,le forms of nitrogen total available ph05· 
phorus, and total exchangeable potassium. 

RESULTS 
An<Jiyse~> of the sotl sampl,;s collected 'n tho spring prior 

m bcgirrr1~r g the sturly ~hawe. I no traces of 2.4 D or Treflan at 
uny of 11w s1tes. The f""tlirzer nutrlents·- nitrogar , ~-hosphorus, 
ancl potassillrn-were prl'stmt in moderatt. amounts at al l s.ites. 
This would be expected becaus!J these element:. occur nawrally 
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in tt-, or9an1c and ino1 ganrc componr.nts of any sorl. The 
Richar Json soil because lt hoiJ been under culu"ation for 
approxJmate y 30 year~, sho •1/erJ slightly l1 i~et amounts thi:Ul 
drd the Nenana or sand -;j es. Thl~ is largely due to the fact that 
R'ctHII'dson Is a deepe1 soil , had pos.sibly dCCumulated tP.rtilfler 
residues from past years, and l1ud heen cleared lon!J 1-'nough to 
allow much of the natural organic m:mer as well ns past cr.:>f1 
residu~ to decomPOse and release thG 11utrients. The Nenil!la 
and s.~nd snes wer~:t newly clttar~d. a:lowi119 little trme for 
decomposition of organic matter. 

No Trefla,.. ur 2,4-D was found in runoff wa~r.r samples 
lrom eithrr the Richardson so I or the sand. Traces of both her 
bicidos were found 1n runoff \',ater samples from the Nenana 
soi l. Tl1ese u-acus wet!:! sli~t, hQwcver, amounting 10 less than 
0.5 ppm (part per million! 1n r.ar.•. case. The Nr11illlil soli site wa~ 
In a low area and had IJecom:! complr 1£1 v t looded by water 
durinu the rain . ThP. trace• of hE!rbrt.l(les found w•·ro mo~t Ilk~ y 
lhe result of sht.-et erosron of cluy panrclt?s carrving thf' hnrbt 
cides tt om the p'ots. 

N1trate and ammonrum !orr 1s of nitr0g1111 in the wat"r 
collected from the plots ilt all sires wP-re highly variabl~ and 
averaged less th<.'in 1 Pf.J rn m concentration. Differences IJetwecn 
sites were not signi rrcsnt. 13y cor rpa~ison, app1 ox rmatcly 0.5 
ppm of nitrate and P>rnmonium \"'as found rn runoh wati' rom 
natura! ve-get4tmn. AI ,ho !11 lev •~ of 1itratl'l and ammonium 
slightly higher 1han 1 JJpm \-/ere sometimes round in water from 
lhfl more heavily frntih •ed plots, lh . re5Uits wern not consistcm. 
Tota' avallablo phosphorus In thl• water samples from the plots 
at all sites avetaged 0.07 ppm as opposed to 0.48 ppm fro• 
rratural vegetation There we1e virtually no differences among 
sit~s. Appllcatro rates did not appear to at feet I he com:en tra 
tions o1 phosphorus 111 tho nuroff water at any site. Exchal1fl~ 
abiL potassioJ 11 In th!! runoff water from tht~ plots on the newly 
clear e•J land (N"111na and sand soils) did not dlftL sluni ficanrly 
~turn pot.assrllm ievels n wme, i um tllll n::nu~<rlly Ve&<Pt.at~c 

area. All son pie:; av raq •tJ about 1.6 JJPMl . Pota~sf.Jm ievt~ls In 
the runoff watt from th!! Rich dson soli wer~ • e highest, 
however. a..•eragr !l 7.0 ppm. Aga11r , the s-amrlcs wet~ highly 
variable and did not seem to reflect opulicatJon rates. Several 
factors could ha .. ~ oor trrbutcd to the IH!Iler potassium levels n 
he Richardson soil. The P<Jr ticutar site on which l11e plots weru 

located had been used as a dairy farm prior to its beinQ c.uluvated 
to• bilrloy production. Manure conta•ns hiqh levels o potassium 
and ·here mav have been ~ome cllrryover. Richardson soils are 
the deepest of thr soil ypos tounrl in Alaska's interior. Potossium 
would not leach ilS realJily througn mesl! dN!I) sorts as 1t would 
through the shallower Nenana and sand ty~s Further, poHrs.sl · 
um which had be~n applit:!d during tl1e time tht lanrt was culti­
vated could have r~mah ed it1 the soilll also, contlllntti 11 to J'•J 

higher levels. The relatively small amount of applied poUJsslutn 
actually ternoved in gram would prohi!hly account In part for 
this. 

Fall soil s.nmt>le analyses showed vary few traces of 2,4 D 
res1due~. Using instrumentation capable ot detecting 2,4·D resi­
due concentrations ot gr aler llr n .02 ppm, traces of 2,4-D 
were found in only five of the I 35 samplos analy.Led. All hve C'f 
these samplos carne from the Nenam1 anr1 s.and sod ty~es. The 
hig11P.st concentrution found .,.,.as 0. 163 pp,.. Treflan showed a 
consu.Jerably greater persistence thi.., 2.4 D. Tteflan residues 
wP.re found tn 34 of the 36 plolli or1 whtrh 11 had been applierl 
at the three sites. Resinu~s a11eraged 0. 180 PJ.~m on plots whtch 
haci received tha 1 lb a.i./acre applrcation r 1tt and 0.691 ppnt 
on plots whrch had received ihe ~ lb o.1 fncre application rat•:t. 
All Trellar residues ware founri 11 the su1 ftcial 6 1nches of Ule 
soli. No s•gns of leaching he! ow that 1evcl were found. 



F1gure 1 The Gtddmgs 5oil probe mounted on a 1Y.. on m uni ­
t iOOS truck being prepared 10 drill a deep core. 

Approximately 600 soi l samples were analyzed for ammo­
niuM and nitra te forms of nitrogen, total available phosphorus, 
and to tal exchangeable potassium from the fall sampling period . 
A . u 'lmary of the results of these analyses is shown in F igures 
4, 5, 6, and 7 The figures indicate an ~verage for the three sites. 
Th~se results show fer til izer app lica tr o n rate nad very little 
cff c. on fertil ize nutrient levels below the 6-inch depth. When 
•er tlll 7er was applied a t four times the normal raw, conside rable 
residu~s were found in the SLII cia! 6 inches as wouid be expected. 

Ouring this first year or cultivation of the newly c leared 
ian s. thf! soils warmed up considerably allowing t he permafrost 
levr to recede below a depth of 14 t il"! t where it was no t de tect­
ahiL 111 cores taken with the hydraul ic soil probe. The hydrau lic 
soil probe used was unable to penetrate below this depth due t o 
concentrations of coarse grave l in the soi l profile. This warm ing 
o f ..tH.- soil allowed some nutrient release from decomposition of 
bL r · d o rganic m atter, par ticu larly on the sand site where there 
13 a buried Nenana soi l layer. This layer had a high organic 

cor tor which would accoun t for a n1gher nutrient level at 1ts 
loca tJon below tl '! SUf face. The layer varied among subplots. I 
ger.,ral, the n_trient release from buried organic m t ter at t he 
Nenilrn and sond sites may accoun for somf! sl ight n utrient 
IP.vel rncreases between the spring and fall sampl ing periods. ']\ _ ___ 
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F1gure 4: Average Ammonium Level o f Rapeseed and Barley 
Plots with Sites Averaged . 

Figure 2 : A view of a typical m il core taken in the silt-loam soils 
where project research was conducted . 

Figure 3 : Each subplot w s surrounded by a d1 lcfl to catch run­
off water. The d itches wer" dug after t ht plot5 were seeded 
using a smal l one-bottom mold board p ow pull~d by a garden 
tractor. 
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Fi~ure 6: Average Phosphorus l evel for Rapeseed and Barley 
Plou with Site1 Averaged 

Figure 7 : Average Potassium Level for Rapeseed 11nd Barl~v 
Plots with Sites A vc.raged. 

CONCLUSIONS 
thus moving rhesP "utnents into the crop rool zone rather than 
down oward the groundwater table 

It must be recogntzed that th is stud y reflects only one 
cropp n season ln a ·elo env'ronment that s u ncle yoingchange. 
However . several observations cat1 be ~ade based on these 
reSllts. The avornge annual precipitafon for the ~elta Clearwater 
area is only 11 5 inches. Recent work by Williar ian Braley 
(mast'!lr 's degree candidate, Institute of Water Resou rces, Univer· 
,jty ol A laska, Fairbanks) in t he Delta-Clearwater area showed 
that barley and rapeseed use almost a ll the avai lable water 
lcavmg very little pol••nt ia l for leaching. 

Agricultura l herbrride~ showed no s·q.,s o leaching down­
ward m the so I. Srnce hese herbicides an chemic ly <Jt racted 
to part icles of clay anrt oroan;c matter h ~ $0 I, very little 
movement wo uld be expect.l'd That prart1ca ly all ot •t>':! 2,4-D 
disappeared by the end of h e growmg Season was expected It 
was applied to th!l su face of the plants anrl ~otl where w rm 
temperature allows i1 to dt•gr 1de. Treflan, on the other hand 
was incorporated into he so il v'Vhere tempPratur~s are lower. 
Even given this fact. the degradation rate wa~ slower than 
expected . Other studies a-t Fattbanks have shown these same 
results. In the Fa1rbanks studies, as much as 50% of the Treflan 
remained in the soil in the spring a year tollowing appl ication 
Further work is needed in ttl is ar JJ, oart•culu y where the 
he rbicides are rncorporal"d in to cool .;oil .J 

Some fertilize• nutncnt:i may bfi released from organtc 
mattur In t hR soil as thP- soils warm after cleari ng. Howew r th is 
reiPa~£: would be slow. Braley 's stu dir>s show that during the 
warm s ... mmer season w hen dceomposil ion is occurring, the net 
moisw movP.men t It\ the so I i~ upward rather th an downward, 

n Agricul tu ral Exp£>nment Station is 
rleasect o announce the add tio n of 
s.everal new staff mPmhers In a range of 
study areas and ass gnC{! to several of our 
rese. ch locatio ns. 

Dr. Jen tfer Huang McBeath has ju ined 
the oxperiment sta \ion start as an assist· 
ant professor of p lant pathology . Attar 
having received a B.S. in plan l patho loqy 
and en•omology from Na tional Taiw an 
Univer'itty and an M.S. in p lan t pathology 
trom the Un•versity 0 1 California at Davis, 
Dr lv'c Bearh earned the Ph.D. at Rutgers 
Untvemty in plant pa•hology. W•dely 
pUbltsl EC' in her field of study. Dr. 
McBeat 1 has contnbutcd two articles to 
this issue of Agroborealis 

Dr Jeffrey S. Conn has joined the 
st aff at Fatrbanks as \In affiliate assistant 
professor associatea with the United 
States Department of A~riculture. Science 
and Eoucation Admtnistration-Agricul­
tl!ral Research. Dr. Conn received a Ph.D. 
in August of 1980 from North Carolina 
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State University in hot any. He a lso holds 
a B.S. in wildl ife ecology and an M.S. in 
biology from the Umversi ty ol An w na 
whe1 e, as a grad Jatt:.. researr.h asSistant, he 
also worked in 1 ~mote sensing of natural 
resources. In addtttL n , at North Carolina 
State, Dr. Conn did post-docto ral work in 
the Horticulture Department on the eco· 
logica l aspects of weed control In apple 
orchards. At the Alaska Agricultural 
Experim ent Station, Dr. Conn w ill serve 
as a research agronorn ist w ho will study 
the control and biology of weeds. 

The Homer Research Center fo r the 
Agricu t ural Exper m en Station has a 
new superintendent: D r. An Peischel who 
comes to us from K nsas State University. 
At Kansas, she rece·ved her Ph . D. in range 
an imal nutrit ion from the Department of 
Animal Science and Industry. H&r other 
c reden tials include : an A.S. in agribusi· 
ness and economics from Pennsylvania 
S tdte University; a B.S. in an irnal indus· 
tries from Southern Il linois University: 

and an M S. in animal industries. also 
irom Southern llltnois University, t-,avmg 
conce'ntrate<l he st.Jdies there on mono­
gastric "utritio 1. 

The Alaska A~r cultural Experiment 
Station's Palmer Research Cenmr has 
been commi!>Sioned to map and in"Yentory 
I he veyelation of the Upper Susitno:J Rwer 
Ballin for the proposed Susitna Hvdro· 
electric Project Work on this 2.5-year 
project began in h e spri r g of 1980 
T hree staff members were added o con­
duc t the wotk. Dr. Wtlhllm B. Collins. 
instructor ·n range nanogement, is mao 
agmg the proJect. Dr Collins has five 
years of exoerience wr h deer and elk 
hab t.r a d d at research at Urnh Sta te 
Universi ty and l ring!. t o Alo:;ka expertis£> 
tn range-wrldlife managt>mt>nt. He h as. 
exp..rlE!nce also w 1t h tree-roaming horst 
and burro nutrition lind tmpacts on 
ranges of toe w~tern states Dr. Coli ins 
h as 1 B.S. m range tnanoQ'3ment from 
Bnghartl Young Unive rsity and M.S. and 



Pt .D. deqrees in range science h om Utah 
S .ilte Un•vers ity. 

Doro·Jly (Dot) J. Helm, ron(le f ielr1 
!loti I !:>oratory techn cian, is t he botam­
cal a plant-ecology special is t assignee! 
lo r c vegetation sampling and plant­
c o 1munrty anil lysis ph ase of tf-.is projec t . 
She Nil! soon receive her P 1.D. fr01n 
Coo 1 Jo State University in range sci­
e n[;e, • •here her d issertation researc h was 

de rm in ing optimum vegetation samp 
mg ec I niques. She has research ex peri­

nces "'i th so ils and vegetatio n ra nging 
r ern 1lp' ne tundra to rhe sagebrush grass 

Ms. Helm has a B.S. In mathematics from 
the Univers ity o1 0 laware; a M.S. n 
ma h 1t ics (computer science) fro m tl1e 
Unr11 r•i•y o f Mid igan- and a M.S. m 
ng~: ~cr ence (quant •at"'!! ecology) fro 

Cc lone o State Un ivers1ty. Her program 
rntnq ca.>abil ities are very important to 
thi• p o cc t . 

D vorl Laneville, d rafter, is responsible 
or t 1e final mapping phase of th is p ro­

jecl. M Laneville has prior experien~& 

w· .' tnt! Prudhoe Bay oilfield develop­
mE> • nd the AI ask 1 Department rf 
Transportation. Ho studied business and 
rna rn college and I' 1$ vocational t ra ir 
ing n r ivil enginee i 1g, surveying, soil 
testing, 1nd d rafting. His ski lls with b~ IJ­
in!) havl' been neected in preparing U\A 
far.rlctv w hich house~ t he staff and eq urp­
mc,...., assigned to this project. 

T hl Palmer Research Center has bene· 
fi1P.O grea t ly by acqui r in(l this new tale t. 
Ther c reation ot ve(letation maps fo r tht! 
>lUuy rPgion is being don to not o It' 
fulfill 1he objectives of th11 proposed 
hvrh oe'•Jctr ic project bur also to p rovdP. 
Aldska w ith maps and vegetatio 'l resource 
nfo r T1 .tion that has heretofore been 
r.tv 1IJble. In adckion to m apping and 

d ar IC.tanzing vegetation /habitat units 
occurr ng In the Upper Susitna Basin, the 
rese<' ~..- team w ill investigate wha t effect~ 
red cod river f low may have on t 1e 

succession of floodplain vegetation a nd 
associated moose habitat. If the proposed 
nvdroelectric p ro ject is insta lled, nver 
tlow downst ream from the dam wi ll be 
kept · < rl y constant, thus d iscontinu ing 
season- ly high flows. Some researchers 
hav" y pothes ized thar high water acts as 
a d :u bance which keeps vegetation in 
serr I stages most p re fer red by moose .or 
feed1np areas. This aspect of the study 
will also provide in formatio n usab le 
beyonu the needs of ·he feasib il ity stud y; 
'1UCh is expected to be lea rned about 

m oose requirements and habitat manage­
men• ell ternatives. 

The A laska Agricultu ral Experiment 
S tation is providing a staff member, Dr. 

J ay D. McKendrick, to se rve with Mr. W. 
I. " Bob" Palmer as Governor Jay Ham­
mono 's designee to the Stii l f Advisory 
Councrl of t he Subcommittee on Range 
Resm rce Managem mt for the National 
Governors' Association. Governors J ohn 
V . Evans of Idaho and Bruch Kin g o f 
New Mex ico are cochairmen o the sub­
comm ittee, which is compose<l of fou r­
teen governors and n as receiveCI endorse­
ment from several groups, i.e. the Nation ­
al Cattlemen's Associa· ion, environ mental 

organizations, and Federa l land-manage­
me nt agencies as a vehicle to resolve con· 
flicts su troL nd ing uses of public range­
lands in the western sta tes. T he Bureau o f 
Lant; Managemen t and U.S. Forest Ser­
vice are two Federa l agencies that have 
been cooperating most closely with the 
subcommittee on f u·r various investiga­
tions. Dr. Mc Kendrick charrs one of the 
six taskforce groups fo rmed to focus on 
speci fie p roblems : that chal'yed w ith 
identify ing eonf li c:ts betwl!ett Federa l 
land sta tutes, policies, and regulations. 

The committee has p repared resolutions 
for the National Governors Associat ion 
on: coordinated resource management, 
p red .. o r r:ontro l, wildlife management, 
and the deserti f ication study by t he 
Bureau of Land Management. 

Dr·. J ames V. Drew, Dr. John D. Fox . 
and Mr. Anthony Gasbarro participated 
in the second In te rnational Workshop on 
Forest Regenera~ro of Northern Lati­
tudes in Sweden and Finland durinq 
August, 19BO. Workshop sessions werr 
he ld at th e Swedish University o f Agricu l­
tura l Sciences in Umea and a t Ha llnas, 
Sweden. Forest scientists from several 
northern countries studied Scan(finavian 
fo rest research to determrne techniquer. 
appl icable for the 'egenerat o n of whi .e 
spruce in Alaska a n" the Yr...kon 1 err lory. 
Swed ish research rn fo restry was s tudied 
a the Inst itu te for Forest Improvement 
In Savar, the Fores1 Nursery at Pipa rbole, 
and the Experiment Forest of Svartberget. 
Studies o f northern forestry in Finland 
included observations of timber harvest­
ing on the Vaasa archipelago and review 
of research a t the Forest Field Station 
and A rboretum at Hyytiala, and the 
Haapastensyrja T ree-Breed ing Station. 

Dr. A. L. Brundage, Professor of Ani· 
mal Science at the Pa lmer Research Cen­
tt:r of the Un ive rsi•y of Alaska, acceptet 
a temporary assignm ent at he University 
of Ill ino is as visiting professor in t he 
Department of Dairy Science during the 
1980 spring semester. His p rimary respon ­
sibili ty was to teach a graduate-leve l 

cm r$!!~ in quantit11trv . gem tic~. The 

cou se ~as cross-ind«"xed io brology and 
inc uded : till! marht.matrcal tht~ory o~ the 
genetrcs o quant tat ;vt r. · ts : propertie s 

of ranclorn nat'nq populatior s ; esr mates 
o f e.:>ea tability , her· tability, and genetic 
cor rt lat ion; genetic res rl n1 sPicer on; 
se lection metflods; cor relatt.d response; 
<Hlt :;e ec on tor more tnan r>no trait. In 
adr rt .:>n to hi'> t!a r:hirtg rJsponsrbil t ies, 
Dr. 3rundage p rovrL l PI t ~tatrst ical 

con... I ting s• rv rC' 1n suf.Jporl t d rry-
sci<..nc ' " 5earch prOQf m t I llin ois. 
0• t1Q t is trme, he re t i ec .ull respon­
sibilitY fo, the danv rc~earcl1 p rogram in 
Al<>sko. and tnainta rled clme com.Jct with 
his ) fl cr n PalMer. 

Dr. Br uncta~c was .:JI c. ~eloctr.d to 
par pa1e irr thr 17th Annual lr ter­
national Stockrr Schoo J -ucso n , 
Art zona in Jan ·ary. I e wa~ ore of 88 
gut?st profe<>sori PI• senting .1n rntens ive 
sefl• • o; lectures to lw~srat: IJIOc:l ucers 
n d c:o rlloi!U n educa ion 1-)rogratll spon· 
mn~cJ by th~=! Agr semens Fo undation a nd 
the Uni .ters:ity o l rrzona . 1'1e sch ool 
inrl ~ed s·multaneo~~s s•·ss ·ons concen­
tratmg or gt~neral c~ tth, b ee' ca t t le, cow· 
ca l[ op rat'on:o. cattl• fir ·sh·ng, dairy 
ca ttle;!, hor~e-, sheep and go~l >, and o ne c;f 

gen1 rei ·nterest. Dr Br nd\1 J presented 
wo lectures rn the sessron of gener·JI 

ioreres , "Tht. genrt ics ot POlJUiation, 
wishfc~ l thtnk<ng \Is . pr.JI abrl ty" and 
"S• cection indvx theury ar>d It• use in 
an m.;l breedt ~." 

D Alan Jubenvi le, associate p rofes· 
so of lanrt rasourCf's r'lanagement, ·s tl e 
rccip ie n· of an Andrew J. Mr•l on F o unda­
t•nn Gn t dosignated for tnvel for the 
purpose of r' ofnssiona tmprovem'"nt. Dr. 

Ju!J< nv ille will u Se ''~ grant mon CS lO 

vis o numl !I o~ un ivl'r~ tres and iJgencies 
in Ol• er c <Js.sess the stlltP. of the ar .n 
e n '1(0 mental :nter p r• tat1011 rlur ng the 
sprr q srmester of 198 1. 

The rev~t11ion of coal spoi ls is the 
subj t of a resea ch 1ffr t for which 
fu ding has beer renewed l>y the Office 
as Health nd E vu onmenrnl R search of 
tht Dep ... tiT'ent o f E • rpy Coinvesti(la­
torr \ tOr rng on '"'"' projec t II? reas o., 
wl I• 11 Pacn is conce'1tr~tlng h 5 ~ •dv 
f'lforls a re : Dr. Wm W. M1 chel , princi ­
pal lnvcHi,Jato., NOr II1Q w rth p lan t 
mat r ale a!ld t~e r aop l cal o 1, D George 
Mitche ll , ~·o ki ng o n ~o I p o bl<>rrs; and 
Dr. J ay D ~ 1cKendric 1 wad i 19 or native 
plant commurities and relal~d u na. 

Contcnul!d on page 66 
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New s and Com ment: 

Combines were operating in the field1i on t he Delta Project by early September. ThP. scene is qu i[e di fferen t from the previow 
September when black spruce and moss covered these same areas which are now producing feed graim tor uso in Alaska and In 
other parts of the world . 

Delta A gricultural Project - Success or Failure? 
by 

Roben Pollock 
Execu tive 0 irector 

Alaska Agricultural Act ion Council 

Occasi onall y I h ave been as ked about the success or failu re 
of t lw Pelta Agriculfura l ProjecL l have also heard that success 
must be demonstrated prior to con~nued orogress. 

To make a judgm ent on t he success of the pro ject after 
only 24 months of ac tual development (since the o riginal land 
salll l would be p rematu re. The U.S. agricultu ral indust ry was 
developed over a peri od of 200 years and Alaska's agricul tu ral 
indus1ry is just beginning t o P. xpand . On the other ha11d , as a 
demonstrati on of agricultural dev&lopment and identification of 
pro blems that must be so lved in estab lishi ng an agricu ltu ral 
industry , the Delt a Agricul tura l Project is a success. 

In only t wo years, vegetotion on nearly 54,000 acres has 
been knocked down, 34,000 acres of this has been pi led into 
berms, and one-thi rd o f the enti re p ro ject is ready for p roduc­
t ion Althoogh t here nave been problems and q uestions, indiv•d­
ual, private entrepreneurs , with t he halp of state support and 
loan hnancinn. ha\le proved that t hey can clear large acreages 
eff•cir.n t ly. 
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The Delta Pro ject h as proven in ab ility to p roduce grain 
yields beyond the expeCtations o f even the m ost ardenl agricu l­
w ralistS. Commercia l barley fie ldli have recordad v•elds averaging 
be tte r than 70 bushels per acre . Its quahtV ha~ wi n stood 
scru iny by the United State~ Department of Agricu lt u re 
Federal Grain Inspection Service and lhe sta te 's livestock 
produco rs. 

Because of the OeiUI Agricultu ra l Project. pt imary datil 
can now be used In an econom ic assessment of a grain-p roduc ing 
indust ry in inter ior Alilska. In the past , most economif: st ud ies 
had w be based on assumpt ions from sources ou tssde of AJaska 
With fact s and fi gures nom act ua l farm operations near Del ta 
Junction, it ca n now be said that the economic feasib il ity of 
grain prod uction is ve ry real- although it is also very de pendent 
on the co nti nued growth ot th t> industry. 

In add ition to subsTantiating many of t he agro nomic and 
econo m ic claims of early supporter~. Al a~ka's agricu ltura l devel­
opmant is beginn ing 10 have a detin1tc im pa<:t e n the st ate's 



The Alaska Farmers Cooperat ive elevator is handling most of 
the 6,500 to 7,000 tons of grain harvested in the Delta Junction 
arell durm g the 1980 se<~son. It has a current capacity of 10,000 
tons and w ill continuk! to be a key handling fse~lity in the ilrea. 
econorny. The estimated emp loyment supportf'd rlirectly by 
agricultu re nf'ar Delta JtJnction exceeds 15 0 people. The indirect 
,..mpl1yment •~ much greater and only beginning to develop to 
the pou11 that it can be assessed. Moreover, the abili ty to buy 
"Alaskan grown" food supplies ot better quality and at compet­
"tive orices is starting to emerge. Also, the Delta Agricultural 
Pro jf!C:L rlemonstra tes that Alaska can p rofess ionally manage and 
develop its agricultural resources. 

Even though t he Delta Agricul tu ra l Project has demon· 
strated Alaska's agricultural potentia l, it has also identi fied some 
obstacles to fu rt her development . If Alaska's agriculture is to 
achieve the same relative stabilitY of e industry in the lower 
48 stne~. a sufficien t land base m ust be available to create t he 
l•co~oornlcs of scale so vital to agriculture. Marketing, transporta· 
ion . processing, a'lld production faci lttie~ that are critica l fo r 
ev~ 1111:! first phase of agricultu ral deveh)pment cannot become 
cost efficient and competitive until certi:l in critical volumes are 
reached. 

Production by itself is use less. Livestock producers in the 
s.tatt: r1ow have access to local feed suppltes at prices more favor­
able than ever before, but the industry cannot expand unti l the 
need for slaughter and process ing facili ties is fill ed. Even if the 
livestock industry were to grow and expand, it would pro bably 
still not requ ire the volume of feed that must be demanded in 

Commercial barley f ields yielded as high as 70 bushel to the acre. 
Windbreaks 1/4 mile ap<trt aro rnquired on all Delta Project 
farms .and an~ visible to the right and l-eft of this barley field. 

Order t o SU ~I)Ort the infrastructure Of the uroln industry. The 
counterpart to the livestor k Ired market, l.tlen, is to expOl t 
Alaska's grain , but th l~ option will not be viablt. unt il competi­
tive transportation facilities are availabll'l . Compelittve pr1cing ot 
Alaska's grain supp lieJ; on the worl1f rnarket will encourage the 
livestock industrv in Alaska. 

If Alaska's agricuiiU e is to cont"nue deve loping, o ne 
addi tiona l sP.gme t must be gi~en considerably more attention · 
agricultu ral researr.h. Nobody P.ver said that startinfl an agricul 
tural indust ry above 64 clegrees latitud~ would be easy or widr 
out p roblems, but without adequah' prote&Sronal research into 
cultural practices, genetrcally adapted var~e11es, marketrng, and 
many other areas, t he c:h<Snces of suc:cilss are greal.ly redu~ed. 

The answer to Lhe QUestion ment ioned at the start of thrs 
comment ary is "yes, the Delta Agricul ural Pro ,rct has s;uccess­
ful ly demonstrated thr. potential af Alaska's agnculrure." On 
the other hand, the 1urther development of the potential wi ll 
not occur accidenta lly, any more than the progress of the last 
two years was acciden al. Only with the continued support of 
the state in admin istnHion , development financing, and facilr ty 
construction; thl' continued cooperatioo ot the manv B!Jencies. 
each vital in then own area of expertise; and most ol al.l the 
perseverance of the pnvnn! en repreneur doong tn) actual farm· 
ing, w1ll Alaska s agr rcullurnl dt>velopmeon. conl inue success· 
ful ly.[] 

T he Delta Pro ject is sho wn usmo co lor Infrared photography a t an altitude of 63,000 feet. The dearly defined, redder areas indicate 
crops growing in tno Delta Project and on older lands near Delta Junction. The grel!flish ilreaJ a1e lands on which the trce1 have 
either been removed o r knocked down but no cro ps planted . The distanca from the Tan:ana River (left in photo) to the Gerstle 
River {first 10 1hc r1ght m photo) is approximately 38 miles . 
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NOTES Conhnued 

Dr William G. V\'o rkmar and Edward 
L. Ar,,bio have ruceived a gr.tu f rom the 
Alaskd Departme.nl of Natur~l Resources 
to t.o nduct o study of potent1al tee·scn ng 
mE:Chanisms apol.cable to the use ol state· 
owned land for livestock·gra7ing purposes. 
The study focuses 0'1 thosa p rocedures 
best suited to Alask<Jn gr;m 19 ; it ua tJons 
and on meet ir'lg specific criteria set for th 
by tile Departme 1, o' Natural Resources. 
thus p rov iding tho s.tale wi th viable o p· 
tions tor calcul<>ting livestock-graLing i~tes . 

Dr . Keith Van Cleve, D1rector of tho 
Forest Soils Laboratory (AES) is on 

HAPPY Bl RTHDA Y 

sabbat ical leave lh1s year Ill England. He 
is exami rling thll t echniques of r Ulrien t 
analysis used at Merlewood Research 
Station's Institu te of Te rrP.str al Ecology 
1r Grange·over·Silnds in Cumbria, Eng· 
land. 

Pr inc1pal investigator, Dr James V 
Drew, heads a team of researchers study 
ing the effects of various tillage syst ems 
in in1erior Alaska. The two·y r.ar projec Is 
being fu nded J rlnc1pally by the United 
Sta tes Department of Agricu ll ure. Science 
and Ed ucation Adm inist ration. Substan· 
tial areas of new lands a re being cleared in 
rn te rior Alaska for lhe production of bar· 
ley and rnpeseed. The behavior of these 

~o b ur1der a varlery of conservation ti ll­
age W5tem5 •~ not yet nown. The u nique 
soll-temp..ratLJre and pho flperiod condl 
tiom of in tenor Alasko- do not permLt tne 
tllrect transfer of rlata o btained at mare 
southerly latitude•. This res<>arch IS dlmrd 
.Jt determ1ning the eHcct of several tillagP. 
sys.terns for the produc Jon of barlev and 
rapeseed on soil loss; soli temperature snrl 
moisture regimes; soil organ•c matter, pH, 
111trogen, phosphorus, a net porass iu,..,, 
croo rusease populations; yields or barley 
anri rapes.e'"d; and costs, inputs. rerurns., 
and "nergy renUiremo• ts. The data der ived 
tram th s ·· tuov will lle e•1aluatP.d rn order 
to determ ne 111e best management p rac 
l.lccs fo• the conscrvat10n of soil and wate r 
In thrs area ot Alaska. 

Cooperative Extension Service Celebrates its 50th New Year 

Tl1" Experimt•nt Station's partner ·· n 
making research available to the public, 
the Cooperative Extens10n Service Is 
ce-febrafng Its 50th New Year in Alaska. 

ThP. Extension Service began prov•d~ng 
practical info rmarion to Alaskans while 
the fa rmers of the Matanuska Colony 
were s-till in tents. Before the parcels were 
allotted or the ground broken, Extension 
A~nn were he lprng the new set tlers 
adapt to a demanding cl rmate Today 
Extensi on agents .are still helping new 
settlers as well as rhu old timers mC>nage 
thelr resources be tter, use researc:h re~ults 
more effectively, and en joy li fe. 

oept , th e UniversitY of Alaska has the 
cha1 ge to rro t on ly conduct research that 
can m applied to Alaska's problems, but 
also to rnake the knowledge garnered 
from 1 esearch ava I able to t he people in 
Alaska in a form thdl can bn easily under­
stood and r~ad ily applied 

housing, and 4-H and youth programs. 
The Ex ten .ion system o f noncred t , 

·ntorm a· educatio n utilizes workshops, 
mee•·ngs, television, ntrlio, newspapers. 
comj.lu ters, newslett&IS, publications ar d 
face-to-ia.ce, one-to-one assistance. TI1e 
Extension SPrv1Ce taktls edUC<Jtlon to 
Alaskans whe ever they live w1thm tho 
limits o1 the resourr:e$ available. 

U•u'le r the Land·Grant Unive rsity con· 

The Ex tr.ns1o n Serv·c-e h as the charge 
to Lle the o utreach arrn of rh~ umversity 
specifically as it relates to practical infor· 
mation in the subJect arei.ls of agriculture, 
Marine Advisory Program and F isheries 
Extension, natu ral and com munity 
resource development , local gove rnment 
education and assistance, humoo develop­
meq t and home management, nutn on, 

The Exo nmern Station is look ng 
forwa rd to Jl'any more yea1 ~ of partner­
ship vvith chi! Extension Service In fac t, 
we hope to coopE!rate mnre fully than 
ever before in providing tne knowledge 
tha i w1ll help to develop a strong and 
growmg agriculture in Alaska. 
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