


From The Director's Desk 

S1nce t'le ti..lm of the century, re· 
search at the Alaska Agriwltural Expcr-
unent Station has focused on 1hc need~ ot 
Alaska's agr·culture. This ha~ resulted in 
improved varieties and cultura l practices 
tor c1 o p production, new animal-breed· 
·ng <~~nd management systems for live-
stock product1on, and research fo r the 
management of forest lands. In addition, 
1t ha5 provided research resu lts •n agri-
cul tural econom.c·s for the expansion of 
A ask 1's agr cul tu .. mdustry. 

ThP goal of AliiSka's agricultural developmen is to place 500,000 acres of new 
land en cro p production by 1990. ThiS schedule is designed to reduce the problems 
o f m•ted agricultural l and in priva e ownersh ip, smJII and scat'ered far ms costly 
suo ply and mm keting systems, and inadequate fmancing that have hampered 
Alas'(a'• agricultural development in comparison wtth c. ther states. Equally mpor 
tant are r ew initiatives in agr icultura l research 

Tradit ionally 1gr icul ural research has been carried out by state agricultural 
cxpenmcnt >tati< ns in t he nat mn's land-gr<.~ nt universities. To th is end, he Hatch 
Act ot1887 authorized t he clirect payment of Federal funds on o for mLlla basis t o 
establish agr icultura l experiment st ations in eC:Ich sta te-. Additional legislation m-
cr['a~ed the Fede•al authorization, anrl the Mc lnt•re-Stonnis Act o f 1962 provided 
Federal funds for forestry research. 

Subsequent legislation extended author i7aHon for Federal payments o agri -
cultural experiment stations In Alaska, Hawaii, and Pueno Rico Today the states 
theMSelves carry a major share of the fiscal respo nsibility for 1gricultural research. 

Nat iona ly, the annual rate of return per tax dollar invested m agricultura l 
resea ch is 30 to 50 percent. This is higher than the before-tax rate of return for 
Investments 10 o the• segments of the C!:o nomy. 

W~en agricutt.Jral research nnd extension are integratec in the land-grant 
un1V1 ~11 y system, rhey have proved to be an unbeatable com 1 nation to support 
tht> i Uccessful deve lopment of agricu ltu re. The involvem£>nt of U.S. lano-grant 
umve-srties in underdevelopod count es through Title X II of c Federal Fom•gn 
As~ stance Act of 1961 •ndicates that effect vcly supported 3nd Integrated agri· 
culturdl research and extension have been the most successful system of research 
and education for agricultural development. 

The success of agricultu ral development in Alaska is closely related to new 
rcse'JrCh C:lnd technology that can be implemented in that effort. New research is 
needed: 

• to develop small grain varieties w ith improved agronomic characteristics 
for Alaska; 

• to improve engineering designs for harvesting, drying, and storing small 
grams under Alaskan condit ions; 

• to r·~duc losses of crops from weeds, diseases, and insects; 
• to improve animal health and nutrition; 
• to improve marketing for Alaskan agricultural commodities. 

This issue of Agroborealis reports some research in pr01.1ress at the Alaska 
Agricultural Experiment Station to improve the product ion of crops and live-
stock in Alaska and to protect Alaska's agricultural and forest resources. 

~-- .. - t/ . u,...tw 
James V. Drew. Director 

2 Jl nuary/ 1983 Agroborealis 

Januery/ 1983 Volume 15 

Agti ruhur~l Exp,.r mf'nt Sta 10n 

School ot Agr I Cult Jre and 
Land Rrsources Mandgcm,.nt 

Un v~rs ty of Alil~ka 

ADMINISTRATION 

J . V. Drew, Ph.D. 
Ol'l'ttor, Prof. Agronomy 

S. H. ReJtfld , M.S. 
As.s1s.an Director . 

C. W.Hanman 
E.~ uti,., Olftcer . 

J . G Glenn 

. . Fatrban!o:s 

.... Palmer 

.. Fairbanks 

Adm ~ istmttve AutstBn! . . . . . Fairbank 
R L T aylor, MS. 

A S.E.A. Resf'an;h Loder and Lncan 1 

Le.ader, A~> "" ·h AQronomrst 
B. L. lec:kw old 
Admlnt~1111ttlle Techmctan . • 

. ">alme • 

.. P lmer• 

• U. S. 0Pp,,rm~nr of Agr1cufture, Agriculrur•l 
Research, SCJPI"'C~ olnd EducatiOn Admmlstl ' 
tion personnel cooperul lng w1th rhe University 
of Affuka Agr•cultural Experimenr Sratioo. 

Agroborealis IS published under tne 
le<~dership o the AES Publicat to ns 
Comm tt l: J, V. Drew, A. L Brunrl ay~. 

L J. K ~besaL•el , J . D. McKene1rick, A. 
Jut>'!nvil e, and S. H. Re.st 1d. Please ad-
dress al corrrspon<hmce regarding thl' 
magar ne to: Mayo Murr y Manag1119 
Edtlo' , A!fncultural Expertmcnt Stari01 . 
Univers"ty of Alaska, Fairbanks, Alaska 
99701 . 

Manag.ng Editor . 
Com posrt ion 

. Mayo Murr~y 
Moldnte Hasseoroe' 

Printed by Un1terl Grdphtcs, Scatrle, 
WashingtOn. 

Agraborea11s I ; pubt.sh :d by rtle Unlvers-lt 
of A. lAske A11•1CL. tur f x pew 1tr"ll Stat ro n 
Fdlrl>ankli, Ala•k.. 99701. A .-mt t~n r-eoue:. 
will onclud .. yo J Ctl the rni' nr st. The Agr1 
cultural Exper •IPI'I Statton at •he U,. vers I V 
ut Arask pro-·tded t a l on puo •talot'n, and 
equi\1 P.ducaltonal and emolovmPr>t opportiP1-
it e< ~.., II Without rll("ard to •·•C~:, color, re -
goon ill n;al orrg1n <, ~!le. Clhvs-.cal h<~ no 
cap, or v!Hf!re, s tu,, 
To s mul fv ermH ul~>gv. trade nan,es of 

~<>ductli or equ pment tniiY ilave been .JsP<i "' 
thts p.1b teat on "'o -.donamant of oroduciJ 
or f "l'T1s men11or Pd 1nt nded nor •s cflt(· 
ctJJTI "lplif'd ot 1 hos not, •ntioned. 

Mate• 1a aopellt 1 ng I er rnav be reprlrued 
nrovocs •d no f'dor •111 nt ol comme11CIII 
product IS st red or im pt.ed. PI .tse cred1t ttle 
rcseztrcher5 •<1vo •lMl . 111d tha Untvamty of 
Alas Ayncult ur•l Expenmant Station. 



Table of Contents 

f rom the Director's Desk ..... .... .. .. .. .. . 

Conservation Til lagl! Resea rch in Interior Alaska 
By Carol E. LeWIS ... ...... . 

Soil Moisture and Tempe rature as Influenced by Fal l and Spring Tillage Systems 
By Roger Boyer . . . . . . . . . . . . . . . . ....... . .. ...... ... . . ... . 

Planting and FertiliJ:ing Options in Barley Production 
By Charles Kniyht ... ... .. .... .. . 

Recreation Planning in the White Mountams National Recreation Area 
By Richard B. Tobin ...... ... ...... .. . .. ... . . .. . 

limestone l andscapes of the Wh ite Mountains 
By Glenn Patr ick J uday ......... . 

Valuing Outdoor Recreational Opportunities 
By W·llium G. Workman .. . ... ... . 

Influence of a Co mplete F ertil izer on Soli pH and Ava1lable N03- N, P, and K 111 Kachemalt Silt Loam 
By Winston M. Laughlin, Glenn A. Sm 1th, and Mary A Peters .... . ..... ..... .... . 

The Comput er Comes to Ala~a Farmmg 
By ChariE!'!i E. Log~dort .... . . . 

Changes in Weed -Species Assemblage with Increasing F ield Age 
By Jeff reyS. Conn and John A. Delapp ... ... .. .. . 

'ncreased or Decreased Energy for Mo01e? 
By William B. Collins ... ..... ... . 

Undergradu;1t e Oagree Encompasses New Options '" Forestry and Agriculture 
By Ca rla A. Kirts . . . . . . . . . . . ......... .... ... . .. . ...... . . . 

Spmach Creek Watershed 
By John D. Fox 

Tissue Culru re 
By Heather Mcintyre and Donald H. Om kel 

The Effact of Feeding Whole-G rain Barley t o F ree· Ranging and Penned Reindeer 
By J .M. Blanchard, W.E. Hauer, and J. R. Lutck ............... . . 

Public Policy and the Future of Alaska's Reindeer Industry 
By Wayne C. Thomas and Edwa1 rt L. A rob10 ... .. . 

Doe1 F eeding Crab Meal to Dairy Cows Adversely Affect Mi lk Taste? 
By A. L. Bru ndage ........ . . .... . .. . ... .. .... .. . 

Notes 

Publications List for 1982 . . .. 

4 

11 

15 

18 

24 

29 

32 

36 

39 

42 

46 

51 

54 

57 

61 

66 

69 

70 

ABOUT THE COVER . .. Good farming practices yielded 75 bushels of barley per acre for Delta Jonction farmer Bamev 
Ho/lfJmbaek. This September phorograph was taken on Hollembaek's Tract 0 farm on the Delta I prOJect. Photo by Cathy Warren . 
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F1gurtt 1. Conservation-tillage research p lots in the Ddta-Ciearwarer areu of in terior Alaska. 

Conservation-Ti II age Research 
Interior Alaska 

• 

A Progress Report 
By 

Carol E. Lewis· 

INTRODUCTION 

The loss of so rl on agricultural land through erosion by 
wind and water is an increasing concer n worldw ide. Conserva-
t ion-tillage methods which reduce so il ero sio n are being devel-
ope<l and appl ied in many areas. In temperate as well as no rt h· 
ern environments, conservation til lage requires use of new sys-
tems of soil management which d iHer from traditional techni-
ques. 

• Assoc•ute Professo r, Resource Managem ent, Agricultura l E:>q)l!riment 
SU11I011. A la!il< a. 
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Field operations which leave crop residue~ on t he surface as 
crops are plante<:l and weeds are controlled help reduce soil 
erosion. Cro p residues anchored to the sotl surtace ~ro tect 
t he soil from wind and water erosion. The fewer oporattons used 
m reduced ! illage mean a larger area can be covered than with 
rno re intensive cultivation techntques. Farmers using reduced t I· 
!ago must m anage their optsra ttons In a t imely manner and must 
understand the use o f new systems and their effects on cro p 
yields. 

Tillage in tradit ional so li management systems has been 
used to prepare t he soil for seeding as well os to oontrol weeds. 
insects, and d iseases. Conservatton-tdlage systems must perform 



these fu nctions and may also provide moisture conservation by 
leav ng crop residues or' the ~oil surface. These residues orovide 
physical protection from wind and water eros ion, reduce evap· 
oratron loss, and trap and hold snow durin~ winter mo nths. 

Conservation-til lage systems use eqlripment capable of 
s.t!edmg into a so rl surt.acc wh rch ha s. not been cleanly tilled. 
ThcsP systems range from those using som€ trllage to those 
whrch use no t1lla~e but depend more on the use of pestic"de-s 
fo r weed, 'nsecl, and disease camrol. 

Some disadvantages of conservation -ti llage systems include 
reduc:P.d soi l temperatu res in spring and increasing prob lems 
with Wlleds and tliseases. Th us, t here Is a requirement for greater 
management ab•lity !Bentley et al. , 1978; Oldenstadt et al. , 
1982; Pidgeon and Ragg, 1979; Stobbe, 1979; Zentner and 
Lindwall, 1978). 

SOIL CONSERVA TION NEEDED AT DELTA 

Increasing agn c rltura l developmcrnt for small·gra1n produc-
tiol rn the Delta -Clearwater area of if'terior Ala~ka has hrgh-
lighted the 11eed "'or conservation o f the si lt-loam soils o f the 
area In add ition, conserV<Jtion of so il moisture is Impo rtant In 
\laew of the area 's low average annual precipitation of 11 .5 inches. 

Tradit ional soil management include<> removal of the straw 
in he fall follow ing harvest. The soil is disked two or three 
times tn the spring to incorporate resrdues and prepare the seed -
bed after fert ilizers are appl ied. Intensive disking ·n the spring 
results rn an enormous loss of s01l moisture and increases the 
vulnerability of I he sot to w1nd eros on Moreover, seed germ· 
rna ron 111ay be 3 to 4 weeks lat e due to lack of mo isture. 
Late 91:1 rn1nation will delay harvest and resLJil in a higher prob-
ability of losses from frost and snow. 

In 1980, the Agricul•ural Experiment Stat on in coopera-
tion with tile U.S.D.A. Soi l Conservation Servic~ began con· 
servLttlon tillage research 1n the Del a- Clearwater area. In vrew 
of cool so rl conditions, a short growing season, and the lo ng 
daylength In tmenor Alaska, rhe results o f soil conservation t ill-
age research at lower latitudes may not be applicable. Although 
re:sf!arch Involving a 3 ·year cropping sequence is not vet com-
plete, the fir•n 7 years of study have y ·eldcd useful info rmat ion. 

ST UDY DESIGN 

Conservation tlll1tge research was establ I shoo m 1980 in 
the Delta -Clearwater area on Nenana si lt- loam which had been 
farmed for 15 years. The site Is nearly level and well d r·ained 
The sorl consists ot sil · loam, approximately 12 Inches in depth, 
overlaying coarse sand and gravel. Strow 1 esiclues remaining fol 
lowing t he production of barley the previous year were approx· 
1matAly 900 lb/a. Since the site is near ly level, t hen~ is little 
hazard for water erosion. However, the wrnd-erosion hazard is 
m oder;He 10 severe (Schoerhorster, 1973 ). 

Production systems within the experiment (Table 1) were 
establislled on plots approximately .25 acre in size (Figure 1 ). 
The til lage system~ used 1n the study were : 1 l maximum ull 
(ch•sel plowing and two diskings prior lo planting) , 21 minimum 
t"l (one disking prior to planting), and 3) no- tillage (no til lage 
treatmellt ). A 3 -year rota Lion (barley·rapeseed ·fallow) and con· 
tinuous barley (barley+) were used . The barley plots were 

Table 1. Crop Management Systems Used in the Delta· 
Clearwater Study. a 

Barley on rape stubble No-Till Spnng broadcast 1artilizer, 
seed barley, sprily Paraquat 
spray 2, 4 - D 

Min-Till Spring broadcast fertilizer, 
disk once, plant barley, 
spray 2, '1-D 

M<~X· Ti1!tl Fall chi~el with 2" twisted 
pornu, spring broadcast 
tertii i zer , d rsk tw ce plant 
barley, spray l 4 -D 

Rape on fallow No Till Spring broadcast fertil izer, 
plant 1 apeseed, spray Para-
quat, spray TOK;RM 

Min-nil Sprirg broadcast ferttl ize.-
disk l)nce, plant rapeseed 
spray TOK/RM 

Max·TIIb Fall uroadcast fert•llzer 
spnng spray TreJfan, d aslo.. 
twice. spr ing plant rape-
seed 

Fallowconbarleystubble No-nil Spray Roundup or Para· 
quat, as needed 

Min-Till Spray Roundup or Para-
quat, chasel with 16''sweeps 
as nl:!eded. 

Max·Tillb Fall chisel with 2" twisted 
pomts, d isk as 11eeded. 

Barley+ on barley + No-1111 Spnng bro<tdC<JSt fertr llzer, 
olant I.Jarley. &f'll ay Para· 
qual, spray 2, 4·D 

Mm-Till Spring broadcast fert ilizer, 
disk onct', plant bar ley, 
~pray 2, 4 D 

Max-Tillb Fall ch sel with 2" twisted 
pomts, ~pri'lg btoollcast 
lert•lizcr, duk twice, plarlt 
barley, spray 2. 4-0 

11 Alrhou!lh f~ ll operatrons Wlll"l! spKII•~d fr07Po ground cona tror>s lol -
lowong h rvesl preventet-1 th11m from bent'il oecomglrshed. ru a rc 

bsult, t h"ae opera• ons h.ave be .. n ptrrformod 111 'l'l""9 
Early fre1wog in 1979 A11t' 1980 grlr'Jented I all I ttil 7at 011 and til lag 

cParaqUill wi:ls used i •~ 1980 BecalQe ol unS-'t sfoctory conlrol of grass 
Roundup W ilS used in 1981. 

seeded at a depth of 1.5 to 2 tnches with a H11ybuner double · 
disk o pener, rio · ~tllage dnll. The no-tillage rapeseed plots were 
also seeded with t he H.yhusrer no·t1llage drill to a depth of 
approximat~ l y .5 inch. A Brillion $eeder was used to seed the 
mm1mum - and maximum-tillage rapeseed ploB also to a depth 
of .5 inch. 

'Galt' barley t reated with V tavax was seeded at 72 lb/a. 
'Candle ' rapeseed was seeded at 6 lb/n. 

Nitrogen (NI as urea was broadcasr on onr. -half of each plot 
and as ammonium nitnae a n the remaining haft In rhe 3-
year rotatJo n plats, N as urea •Nas broadcast a.t a rate of 163 lb/a 
of 46 · 0-0 (75 !b/a N ); ammonium mtrate was broadcast at 220 
lb/a of 34·0·0 (75 lb/a Nl. The barley- plots recerved an 
addit1onal 25 lt>/a N as urea or emmomum nrtrate per to n of 
resid ue present at planting time. Phosphorus (P) was banded in 
the row with the se1:ld in ail plots at rhe ratr of 100 lb/a of 
11 5 1·0 11 1 lb/a N, 51 lb/a P1 0 5 I. Potassium (K l was broadcast 
o n ell plots as K SO ll the ratEt of 100 lb/a of 0 0 51 (5 1 lbJa 

0) ~ ~ K2 . 
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Flgu~ 2. Plots are direct combinP.d, using • pJo r comblrlf1 &mplti.; are 
c:oJiected, bagged. and ragged in rh• field. 

Weed contra was accompl1shed m tho barley and barl ey ; 
plots using 2, 4· lJ In combination with tillage when maximum -
and m n imum-till systems were used. ParaQuat 111 co mbinat io n 
with 2,4 D w as used o n the no- u ll agt> barley and barley+ plots . 
Tretlan was used on the max imum- tlllage rapeseed nlou . TO I<, 
a po~t-emergent iaerb1C1de, was used on m im mum- and no-tall· 
age rapeseed. No herbic ides were used on the maximum-tillage 
fallow plots. Paraquat or Rou ndu p was used w1th tbe minimum -
and no· tillage fallow systems. 

METHODS 

In t he spr ing of 1980 prior to fenll ization . soil samples 
were Utken n 2 - 1nch increments to a depth of 6 inches. The 
plots were then fertilized and tilled accordmg to the schedule of 
operatmns in Table 1. Residue on the barley plots averaged 
900 lb/a. Thus, an additio nal 11 lb /a of N was added to the 
barley+ plots. The barley was planted on May 20 and 21. Tho 
herbicide Pa ra.Qu•ll was used o n the minrmum - and no·trll 
fallow plots. 

A good stand of bailey was obtai 1ed in approximately 
three weeks. The rapeseed was sow t o emt!rge and resu lted in 
a poor stand. Consequently, on Ju e 2 7 the rapeseed was re-
seeded with a cyclone ~eeder, Because of th1~ late fllanting, tho 
rapeseed failed to mature prfor to :<llhng frost 

A light snow on September 7 , followed by cool, wet 
weather. d4:llayoo harve'lt. On Septi!mber 29 and 30, a 4 >< 
20-foot strip was harvested from each barley plot (Figure 2 L 
l ate harvest and frozen ground orevenred any fertilization 
or trllage m the fal l. 

In the spring o t 1981, sorl samples were agair taken in 2-
nch increments ·o a depth of 6 mer as . The plots were tettilized 

and tilled accord1 ng to the sche<lule n Table I. Aesrdue on the 
min '1"\Um · and maxirnum- til luge harley+ plots average 1,760 
lb/a . A5 a result, 22 Ill/a additronal N were applied. Residue on 
the . no-tillnge barley+ plots ~veraged 2.400 !h/a reQulrmg 30 
lb/a additional N. Ra pe5eed was !>eeded on M<1y 10, and barley 
on May 20. Roundup li.lther than Paraquat was used on the 
mrn imum- and no·tillage tallow plots to obtain a better control 
of perennial grasses. 

A fro s on August 15 damaged the crops. Barley was hat · 
vested on September 15, and rapeseed 011 Octobe r 1 

T he so1ls wen! sampled followrng the harvest The semple$ 
were taken in 2 -inch Increments to a dapth of 6 nches. 

PRE liMINARY RESULTS 

Analyses of the 3-year rotations and the continuous rota· 
tio n used in the ti ll age 5turly will be completed in 1982; prr. 
l1m1nary results for 1980 and 198 i and yields for 1982 are 
repo rted herein . 

Average monthly temperature and precipitatior dunng May 
through September of 1980 and 1981 were compared to 17 -
yonr averages (Table 2} Mimmum temperatures were consist-
ently higher In 1980 and 1981 lhan the 17-year averages. Max-
tmum temperatures varied from h gher than avnrage in the 
spring of 1980 and 1981 to lower than average In the fall of 
those years. Wh1le May and J uly ware lower in precipitation In 
1980 compared to the averagu, precipitation was higher in the 
fal l. The largest percent age of precioitatior for 1981, on the 
other hand, occurred 10 July. 

Table 2. Average Tomperatures (F) and Average Precipitation (in ) from 
May through Septemlar 1980 and 1981 in the Clea rwater Area 

MONTH MINIMUM TEMPERATURE. M AXIMUM TEMPERATURE 

1980 1981 17-Y R AVG 1980 1981 17-Y R AVG 
----------------~~-
MAY 
JUNE 
JULY 
AUGUST 
SEPTEM BER 

34.5 
4 1.9 
46.9 
4 1.1 
30.5 

35.6 
4 1.3 
45.0 
40.5 
3 1.4 

Last Spring Killing Frost 
F1rs Fall Killing F rost 
Estimated Days In Harvest Season~: 

August 15-0ctober 31 

29.8 
40 .3 
43.6 
40 .3 
26 .0 

1980 

May 19 
A ug 24 

2 7 

64 .1 65.4 59.6 
67.5 69.6 69.0 
71.7 66.1 71.5 
66.9 65.5 67 .9 
52.5 53.1 56.0 

198 1 

May 22 
Aug n 

21 

PRECIPITATION 
1980 1981 

.66 1.33 
1 93 l.72 
2.1 0 4.68 
2.35 1.27 
1.73 .82 

17 -YR AVG 

May 25 
Aug 25 

34 

17-YR AVG 

1.40 
2.12 
2.56 
1.76 
1.40 

3The mH11b4>r or d ays: ir '-'lhicn ha vestmg was prewmed r>ossrble assume$ \he first day n eat:h \ mG block of 11'1r~ daV'l VI/liS a dryu,g day lr1 wh~el1 oo 
herwesnng was poss1blo. 

SOURCE· D. M. Oua,bcrg , Cooperarlve l! xt omron Servrc:e, Unlv!lrsity of Alask a, tJelta J u"lct ,o t'!, Alaska. 
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Ta'ble 3. So iJ Surface Residueo. (lb/a) and Soil Aggregation (%1 Resull1 for Fall After Harve$t 1980 and 19811 

TilLAGE METHOD 
AND ROTATIO N SURFACE RESIDUE SO IL AGGREGATIONb 

1980 , 98, 1980 1981b 1980 1981 

Maximum Tillage 
Bar eya Fallow 1516 384 

__ e 
33.9 

Rapeseed Barleyc 1574 3834 
__ e 

25.3 
Fallow Rapeseed 0 4564 2.9 34.5 

Minimum Tillage 
Ba eyd Fallow 1554 662 4.8 38.3 
Rapeseed Barleyc 1813 3350 3.2 29.5 
Fallow Rape$eed 614 3145 2.2 23.2 

No· Tillage . . - -----·- · 
Barlayt.l Fallow 3588 936 4.8 53.3 
Rapeseed Barl syc 2427 3652 3.6 65.3 
Fallow Rapeseed 1334 3440 3.7 43.9 
~In 1979, s urfBC!i' res1due avt~ra~d 900 lb /a tor the ent•re sludv area and su I ggr~~gatton avltragad 9.~%. 

J>erc "' of so aggregates grsat11r than .84 mm In d iamliter. The .84 mm 01ume te r •s lh•· sH!ndard d 'omtrtcr us"d to det~rmt!le thi! c~odtl!lhlY c.oeflle~n t 
in tht! w tnd ero,ion aquation . Whun .about 75% of tnu surface so li clods or <J9Qregatesare stab•c ar>d grl!atur I han about .84 mm rn dt.am•t~r. w~nd tlrcs.tor> 

<:i$ min•mtz ed, evon 1 surface cro p res1d ues 11· abssnl (Woodruff alld Stddoway . 1965). 
dV>11Ue$ ~hown a.re for sprtng , 1982 , p rior to tillage . Early lr 1:~n and tnow P1'11Wnted m11a surnmentt from bsmg 1ak1m tn lhl! Ia of 1981 ~Iter harvest. 
eBa ey and barll!y~ wara averaged in 1980 and 1981. 

No 1'll!i1Sl.lreml!nts takon . Ground was frozen attar harvest. 
SOURCE. A. Boyl"'', US DA Soil Cni'KSr\1:<11 on Servtc:c, 0 til June.! ian , A usk.a . 

Table 4. Total Available Nitrogen (N). Spring and Fall, 198 (ppml 

CROP ROT AT ION NO-T ILL MIN IMUM TILL MAXIMUM Tl LL 
1980 198 1 

Biirley 
Barley + 
Rapeseed 
Fa11ow 

SP RING 
38.7 
50.7 
59.2 
43.2 

FALL 
24 .11 
32.6 
35.2 
46. 0 

SP RI NG FALL 
42.3 33.1 
52.1 35.4 
62.9 31.7 
54.3 43.8 

SPR ING FALL 
49.1 
52.8 

133.8 
52.1 

32.2 
38.2 
37.7 
62.9 

Rapese P.d 
Ba rley 1 
Fallow 
Barley 
~---------------------------------------------------------------------

Table 5. Total Phosphorus (PI, Spring and Fall, 1981 (ppm) 

CROP ROTATIO NO-TIL L \II IN I MUM ri L L MAXIMUM Tl LL 
1980 1981 

Rapeseed 
Barley!-
Fallow 
Barley 

Barley 
Ba ll!y~ 
Rapeseed 
Fallow 

SPRING 
19.9 
20.5 
18.9 
17.6 

FALL SPRING 
34.3 21.3 
3 1.9 24.3 
27 1 21 .4 
27.5 23.8 

FALL SPR ING FALL 
31.8 22.0 30.0 
39.7 19.1 37.1 
20.0 17.4 17.7 
34.0 19.5 24.2 ----------------------------------------------------------------------------

In the fall o f 1980, crop residues fro m barley n1t1ged from 
1516 lb/a to 3588 11>/a depehding on the ti llage system. Resi· 
dullS from rapr.seP.d ranged from 1574 !b/a to 2427 lb/a. Crop 
restdues pr~sent on the 1981 barley and rapeseed plors were 
greater than those in 1980 for all ill age treatments. Barley 
res dur incrnascd an average of 1500 lb/a, rapeseed residue 
an average o f 2000 lb/a ITable 3). 

Soil aggregatio n was not affected by t' liage t reatments in 
1980. In 1981 , however, aggrega tion of the soils in the no ·tlll· 
age plots was great er than that fo r soi ls which received mini 
mum and maximum ti llaga (Table 3). 

Sotl samples ,aken in the ta ll ot 1980 showed an aYai lable N 
level ot 45 parts per million (ppm ). an available P level of 27 
ppm, and an a vaii~J b l e K le•Jel of 97 ppm. Tot<ll avai lable N was 
again measured m the spring and tall of 1981. Because there was 
only a sllghr difference between th e two N sources, the values 
shown in Table 4 are an average fo r ammoni um nitrate and urea. 

The average ava1lable N in the ~pring was approximately the 
si:!me For all ~ illage treatments : 48 ppm for cropped plots. The 
spring no -t illage tallow plots had 59 rwm ali.ailable N, thP. 
minimum-tillage 63 ppm, Dnd the maximum-llllage 134 ppm. 
In th e tall after harvest, there was again little difference in the 
amount of N ava1l able In the cropped plots. The average was 33 
ppm. The no tillage fallow plots. ~howed a slight increase of 3 
ppm of available N, the mi tmum-nlla9e a decrease of 10 ppm, 
and the maximum-ullage an increase oj 10 ppm . In Tht' spring 
and fall o f 1981. available P and K were also measured (Tables 5 
and 6 ). There was little dlfferenc~o in P between 1980 and 
1981. The level of K had rncreased sl ightly for all tillage treat· 
ments. 

The so1l pH and organ c matter w~re measured in ~ne spnng 
and fail of 1981 There was little difference in pH among tillage 
treatments in spring and agaan 1n full (Table 71. The average pH, 
however, increased frorn 5.73 In sprloq to 6.36 In fafl . Only soils 
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Figure 5. Soil tPmperatu~ for ~rley plots_ 

in the mux inmm · t llage rapes~ed and tallow plot~ decreased in 
o rgante. matter (Tab le 8). Differences from spring to fal l were 
shght for all t illage trea tments. 

Thr ~Jarious t11l age methods had httle or no effect on soil 
moisture and temperarure in 1980_ The accumulation o f cro p 
residues was evidently not great enounh to influence these vart-
ablus. More pronounced effects wera noted o n so il moisture in 
1981 but not so li temperature. Figu res 3 and 4 show the effect s 
of til lage on soil moisture. The barley in rotation and t he fallow 
plots were used as examples. The no-tiltage plots had the 
h ighest sol i mo isture in t he latter part of the season_ The effect 
ot illage o n soil tem perature In 1981 IS illustrated m Figures 5 
and 6. Altho ugh there were var iations in temperatu re with 
respect to tillage in m1dseason, no nllaga treaunert affected soi l 
temperatu re more thpn ilnother overall . 

No -t 1i lage p lots in 1980 p roduced h igher y ields than the 
tiled plots (Tab!e 9). Differences among tillage treatments were 
slrght. howell!!r . The source of N had lit le !!I feet on y ield. In 
1981 , harley in rorntion on the minimum -tillage plots yielded 
highest at 46 bu/a (Tnble 9). Barley-+ yields did not vary by 
t lllage method. Rapeseed y ields were highest on the maxi-
mum t il lage plots Again in 1981 , source of N had little effect 
on y1eld 

In 1982, the source of N affected t he Ylt:llds of barley in 
rotation but no t barley+ o r rapeseed. Yields of barley rn rota-
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tion which received ammonium nitrato were 10 bu/a hlgher t han 
tho$9 an which urea was used when averaged over all tillage 
treatments. There was less than 1 bu/a d1fference -n yields 
amo ng til lage treatments lor barley in rotat ion when ammonium 
nitra te w1s used_ When urea was used, the no·L1IIage barley ·n 
rotalio n p lots y ielded the highest at 43 bu/a. Yields tor barl ey ~ 

differed ltttle bet ween maximum · and m m1mum ttllage treat-
mem. Those for no- tillage were aoproximat~ly 10 bu!a lower. 
Rapeseed y ields were highest wl1en planted U5ing no-tillage. 

DISCUSSION 

The objective of conservation tillage research in the Delta 
Clearwater area is t o &tudy so d management systems which 
minim ize so li and water e rosion, are co nsrstent With good 
weed control, rnaintatn adequate sml morsture, a 1d allow the 
soli to warm up ear ly flnough in the ~pnng to produc t! s<HIS-
factory y ields. 

h was found that Pa1aqua1 would nol adequately co ntrol 
perennial weeds in either the no-t,flage o r mrnimum -tdlagr 
tallow plots. As a result, Roundup was used tn 1981 . The con-
trol was adequate at a rate or 2 qtla . Tillage alone was satis-
factory ·n the maltimum tillage fa low plots. A good contro l of 
perennial grasses was not obtained in the minimum and no·Lill-



Table 6. Total Potassium IK l, Sp rmg and Fall, 1981 (ppm) 
CROP ROTATION NO-TI LL MIN IM UM T ILL MAXIMUM TILL 
r980 1981 SP RI NG FALL SP RING FALL SPRING FAL L 

Rapeseed Barley 156.4 135.3 126.2 146 8 118.7 122.0 
Barley+ Barley+ 136.6 154.9 122.3 135.5 123.0 120., 
Fallow Rapeseed 105.7 11 0.0 116.3 114.2 150.2 77. 1 
Barle~· Fallow 1 16.2 158.2 113.7 150.8 113.7 109.4 

Table 7 . pH Sprmg and Fall, 1981. 

CROP ROT AT ION NO-TIL L MINIMUM T ILL MAXIMUM T ILL 
-~ 

1980 1981 SPR ING FALL SP RING FALL SPRING FALL 
Raneseed Barley 5.84 6.37 5.79 6 .39 5.77 6 .45 
Barley-t B<Hiey+ 5.69 6.34 5.82 6.39 5.72 6.25 
Fa low Rapeseed 5.74 6.33 5.78 6.45 5.48 6.24 
Barley Fallow 5.84 6.25 5.78 6.36 5.66 6. 17 

Table 8. Total Soil Organic Matte r, Spring and Fall, 1981 l%1 
CROP ROTATION NO · Ti l L MINIMUM T ILL MAXIMUM TILL 
1980 1981 SPRING FALL SPR ING FALL SPR ING FALL 

Rapeseect Barley 2.63 3.40 3.00 3.52 3.26 3 .46 
Ba ley Barley+ 2.99 3.01 3.1 4 3.70 2.94 3.72 
Fallow Rapeseed 2.90 3.33 3. 11 3 .80 3 .18 2.77 
B<~1 ley Fallow 2.96 3.30 2.84 2.90 2.97 2.73 

Table 9. Yield Summary for Barley, Barley I, and Rap01ced for 198t), 1981, and 1982 lbu/a) 

nil age Fertil izer 1980 
Method Source B B+ R 

Maximum Til l Am. Nitra te 34.9 35.3 a 
Urea 38.2 33.3 

Mmfmum Till Am . Nitrate 30.7 28.6 
Urea 34_4 41.6 

No -Till Am. Nitrate 43.7 38.3 a 
Urea 35.1 46.0 

Mean V\llucs: 
Fen. Source: Am. Nitrate 36.4 34.1 

Urea 36-9 40.3 
Till . Method Max. Ti fl 36.6 34.3 

Min. Ttll 3 2.6 35., 
No- Till 39.4 42.2 

<I 
~I'll ha rvestlld ., 1980. 

age barley pl ot~ when Paraquat was used . The herbicide 2.4 · D 
adequately conHolled broadleaf weeds in barley as d id Treflan 
and TOK in tile rapeseed. 

Two Important factors for conservation of soil and water 
l!lsources are residue cover and soil aggregation. In t he fall of 
1979 after harvest, residues averaged 900 lb/a. In both 1980 and 
1981 , residues increased for all crops and all t illage o peratio ns. 
However, residues were greatest where tillage oper<~t ions wern 
not performed. 

In the fall of 1980, there was little difference in soi l aggre-
gation among all t illage reatments. The average was 3.6%. 
Atter harvest in 1981, the percentage of aggregates had in-

1981 1982 
B Bt- R B a ... R 

44.4 39.6 15 1 48.2 53. 1 10.8 
43.0 43.1 13.7 33.9 62.5 12.7 

49.3 42.1 11 .0 47 .9 56.6 13.3 
42.7 46.5 10.7 38.0 50.5 16.4 

33.0 4 1.0 74 48.6 40.0 18-1 
36.4 4 1.6 5.6 43.0 41.0 15.8 

42.2 40.9 11.2 48.2 49.9 14.1 
40.7 43.7 10.0 38.3 51.3 15.0 
43.7 4 1.3 14.4 4 1.1 57.8 \1 .8 
46.0 44.3 10.8 43.0 53.5 14.9 
34.7 41.3 6.5 45.8 40.5 n.o 

creased for all tillage treatments. The no tillage showed thP 
greatest increase with an average of 54.2%. Since Increased 
surface resic!ue and soli aggT1!9ation reduc!1 soil erosion by wind 
and water. t he measurements Indicate th<tt a no-til lage system 
would be most effective in terms ot sotl conservation. 

Soil moisture and [emperature in 1980 were not affect ed 
by different tillage systems. This Is not surprismg 1n view of the 
low amount of ,·esidut? presenl rrorn the 1979 crop. Residue in 
creased in 1980, particularly on the no- tillage plots.This in· 
creas~ in residue more than likely explains higher moisture levels 
in no -tillage plots. In 1981, rhe no- tillage bcu ey and fa llow 
plots had the highest soil moi5tura, particularly toward the end 
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ot the growing season. The e th!ct o f increased residue o n soil 
temperature was not as evident. Although so me di fferences were 
recorded in m idseason, they were n ot co nsistent enough to 
provide ev idence that o ne tillage treatment had more effect than 
another. 

Sotl ana lyses in 1980 and 1981 indicate that t here was a 
substantia l carryover o f total N f rom fal l to spring. n 1is was 
par•ic ula rly evident in the spnng o f 1981 for tt-e maximum · 
tll16l)e plot s which w ere fa llowed i n 1980. The 1980 rapeseed 
plots which were to be cropped to barley in 1981 had the least 
avai lable N in the spring of 1981 for all tillage systems, the 
highest of which was fo r max imum -til lage. HighBst ava ilable N 
was i11 t he 1980 tallow plot s w hich were t o be cropped to 
raPtfSet~d in 1981. The h igh es t again was fo r m aximum lill . By 
fall . so ils in all cropped plots showed an average of 33 p pm 
availahle N with differences of approximately ± 10 ppm for a ll 
crops a nd ttll age systems. 

Yield response to tillage method is one o f the m ost impor· 
tant facto rs to t he farmer. In 1980, yie lds amo ng rhe till age 
t reatments were highly variable . Alt hough no -tillage p lots pro-

duced the highest b<Jrley yield , conclus ion> should not be draw n 
favo.-i ng no · till ago fro m a yield standpoint. In 1981, m m•mum-
t illage p lots pro<iuced the htghest oarley v•eld. Yields fro m 
barley+ plots showed no response to rillo~ge trea tment$. Rape· 
seed yields from t h e maJum um-tll age plots were hinhest. In 
1982, no -tillage iJarley exhtbkted the highast v•elds a<; d1d no -till-
age rapeseed . Barley; , howe11er. had the highest yields when 
maxim um ·t illage was used. 

These preliminary r~ul ts indicate that no tillage produces 
surface resid ue and soil ilggregation more favorable to conser· 
vatio n o f soi l and water than mtnHI'IUm or maximum til lage. In 
the case of barley n rotation. mimmum tillage as well as no· t ill 
age produced the high~t y1elds. A mmimum· illage system also 
produces surface residue and sotl aggregat io n conducivo to soli 
and wa ter conservatio n. Barley+ plots in 1982 performed b est 
under maximum ti llage, the system least t:o nductve t o conserv-
ation of soil and water. Yields of rapeseed have s.ho•.·m no 
response pattern. The 1982 results do indicate, however, that 
there m ay be some years in which reasonable ytelds can be 
obtamed for rapeseed us ng a conservation-tillage system. [ J 
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Soil Moisture and Temperature as Influenced by 
Fall and Spring Tillage Systems 

By 

Roger Boyer" 

INTRODUCTION 

Soils in Alaska, when not protected by vegetation, are highly 
erod ible by wind and water. However, adequate so il-conserva-
tton practices exist to control erosion at or below levels accept -
ab lt" for long-term agricultu ra l productivity. In such areas as 
DeHa Junction, where wind is t he pr"nciple erosion force, mea-
sures designed to cope with th is factor must be implemllntet..f oo 
agr rcultura l land. Windbreaks have lo ng been r·ecognized as onl! 
of the traditiona m ethods of cont rolling soi l erosion caused lly 
w nd Conservation ists agree that w ind breaks alone, unless spaced 
very c lose togeth er, are not adequate to control erosion (Craig 
and Turelle, 1964}. and that t he req uired close spacing is often 
not convenient for the fa rmer with large equipment. 

A further complicating factor at Delta J unc tion is t he re-
corded variabil ity of the wind's di rection. Winter winds blow 
down the Tanana Val ley frc rn the so u theast to the northwest 
and summer w ind s come oul of the Alaska Range down rhe 
Dell., River fro m south to north. Further com plicati ng t his ~ 
the aorupt change o f d irections that can take place in spring and 
fall . To adequate ly protect the soi l throughou t th e year, wind-
breaks, even if spaced closely, shou ld ideally be designed in a 
grid - a pa t tern which would be unacceptable to farmers. 

Another method of cont rolli ng wr nd erosion is to manage 
the crop residue (stubble) such t hat a portion remains on the 
so•l swface for protection aga inst the force of the wind . Th is 
prac1ice has earned w idespread acceptance by farmers in many 
different areas. Residue management has been shown to l"'r. 
very effective in controlling bo th w md and water erosion a nd 
In conserving so il moistu re (Onstad and Otterby, 1979; Skidmore 
e1 al., 1979; Woodruff et al., 1972). In order to practice residue 
management, the number of tillage operat ions must be reduced 
or a type of tillage must be used that leaves part of the residue 
on the surface. Reducing the number of operations w ill also con-
serve energy and reduce costs. 

Soil moisture and temperature are two critical factors for 
c rop prodLrctio n t hat are presumed to be affected by t il lage at 
Delta. Two types of t illage systems are employed there. One 
consists of fall disking with another disk ing in the spring just 
prior to seeding antl pack ing. The o ther system deletes t he fall 
dlskmg. This laner system is a fo rm of crop-residue manage-
ment because the stubble is left standing over winter. Since 
1978, we have been endeavoring to determine t he effects that 

'District Conservat io nist, USDA, Soil Conservation Service, 'Delta J unc-
t•on, Alaska. 

fall and spring ti ll age and spnng-only t rllage (conser\latlon trllage) 
have on soil mo iStu re and tempercstur~. 

METifOD 

Soil-moistu re data were determined by collecting core 
sam ples of soil To a depth of 6 inches. Molstur<> was assumed 
to be t he d iffe ronce between the w~l and air-dried weight o f the 
sample. Soil tem peratures were measured with a soil lhermom· 
eter at 1.5·inch csnd 3.&-lnch depth.,. All data were co ll ected at 
midday , at 2-week tntcrvals between soil th11w-out In the spring, 
anu continued until t he fall sot I ~reezo·up occurred Bar ley fields 
wh ich were fa ll t illed and spr ing til led (fall-tilled fields) and 
those that were just spring t lied [spring-lilled fields) were stud· 
ied. No attempt was made to den~rmine grain yields, as this 
wou ld b e influenced heavily by farmer management (seed vari-
ety. plant ing method, plvnting date, rate of fertilizer app llca· 
tion , etc.). 

RESULTS 

Rain·fall 

Rainfall during the 19/8 and 1979 growing seasons was 
lower than the lo ng-term average, while the 1980 and 1981 sea-
sons were average or slightly h igher (Ouarberg. 1 982) Air tem-
peratures were average fo r 1978 and 1979, and sl1ghtlv cooler 
than average for 1980 and 1 981. 

Soil Moistu re 

Soil-moisture content In spring-tilled fields was higher 74% 
of the t ime. During the period of seed germ ination (May 1 
through June 1 5). spring-till ed froid~ were higher in moistu re 
content 94% o f the time. The only tw o sample periods in which 
fall -tilled f ield s were higher in 0101sturo content were during 
high ra infall periods in 1980 and 198 1 . Over th~ four-year p~r­

iod, the moisture co ntent of the soli during the germinatior1 
period averaged 4 -12% m ore ior spring· tilled IT able 1 ) t llan 
for fall-ti ll ed fields. This 1s especially significant because average 
moistu re in the fall -tilled fi elds was som etin1e:s near th e wi lting 
point, i.e., barley could not have germ inated As t he seaso n 
progressed, the differences between spring- and fall tilled fi elds 
decreased (Figure 1), This seemed to be related to sum mer rams. 
It is interesting to no te thnt, throughout the summer, the aver-
age moisture-content leve l o f spnng- til led h e lds was equal t o 
or higher than that of the fall · tiile<J field s, except for rhe July 1 
period. 
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Table 1. Soil Moi-Sture in the Top 6lnches of Soil (%1 

Fall Tillag Spring Tillage 
Date oj 
Sample 1978 1979 1980 1981 Average 1978 1979 1980 1981 Average 
4/15 16 18 20 20 
5/1 20 15 12 36 21 21 29 17 64 33 
5/15 14 9 , 1 23 14 23 13 36 16 22 
6/1 19 8 g 20 14 22 13 16 28 20 
6/15 12 13 11 34 18 23 19 10 34 22 
7/1 9 19 18 33 20 19 22 18 33 18 
7/1 5 8 7 10 31 14 17 13 8 40 20 
8/1 8 19 10 32 17 11 25 1 1 37 21 
8116 12 6 8 28 14 14 12 10 26 16 
9/ 1 15 24 21 29 22 10 24 19 36 22 
9/15 10 14 19 30 18 11 14 20 41 21 

10/ 1 16 8 24 36 21 13 8 2 1 41 21 
10/ 16 10 10 15 15 

Table 2. Soli Temperatures a t H~ · lnch Depth in Degrees Fahrenheit 

Fa ll Tillage Spring Tlllage 

Date of 
Sample 1978 1979 1980 1981 Average 1978 1979 1980 1981 Average 
4 /1 5 54 54 54 54 
5 /1 68 50 57 59 63 48 46 52 
5/15 77 59 68 68 43 57 55 
6/1 68 91 81 68 77 66 82 77 68 73 
6/15 72 75 81 70 75 72 72 81 64 72 
7/1 75 77 72 57 70 77 79 75 55 72 
7/16 73 77 86 70 77 70 75 77 68 73 
8/1 81 68 73 61 72 75 68 68 51 68 
8/15 77 79 70 64 73 70 73 70 66 70 
9/1 63 52 68 59 61 61 52 63 59 59 
9/15 63 61 48 50 55 61 59 48 50 55 

10/1 34 50 52 39 43 37 52 52 34 45 
10/15 34 34 34 34 

Table 3. Soil Temperatures at 3~-lnch Depth in Degrees Fahrenheit 

Fall T illage Spring T llage 
Date of 
Sample 1978 1979 1980 1981 Average 1978 1979 1980 1981 Average 

4/15 37 37 36 36 
6/1 48 37 43 43 41 36 32 36 
5/15 52 45 48 50 32 46 43 
6/1 54 61 59 59 59 50 57 !il5 57 55 
6/15 59 54 57 63 59 59 54 59 59 57 
7/1 61 59 64 52 59 61 57 64 52 59 
7/15 64 66 63 63 64 63 63 63 51 63 
8/1 66 63 61 57 63 65 63 61 59 63 
8/Hi 63 63 59 61 61 59 61 57 63 61 
9/1 54 48 54 54 52 54 48 52 54 52 
9/15 52 50 45 46 48 46 so 46 48 48 

10/1 37 45 45 36 41 45 37 45 34 41 
10/16 34 34 34 34 
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Sml Temperature 

Soil in fall-tilled fields tended ro be warmer early m lhe 
~prlng: and throughout t he summer · t the 1.5- lnch depth t han 
Jld spri ng-tilled fie lds (Table 2). Temperatures a t the 3.5·inch 
dl'pth tended to be more uniform, wrth fall·tilled fields being 
somewhat warmer (Table 3). Spring-tilled f ields were a little 
warmer at this depth la ter m the fa ll . A d ire-ct compa•ision, by 
depth, between t he two tillage systems is shown in Figures 2 
and 3. 

DISCUSSION 

Tillage systems t hat conserve soil and soil moisture, reduce 
energy consumption, and ensure proper crop produc tion are thD 

ultimate goal of both the fa rmer anrl soil conservat io nist . A 
spnng-only tillage system is h ighly d esirable in tha t it has t he 
potential to acco mplish a ll of these objectives 

Spr ing-only ti ll age allows full s01 l cover throughout the w in 
ter by crop residue and, atter spr ing d isk ing, leaves 50% of the 
r11sidue to pro tect the so il p rior to crop emergence. Spring 
tillage also helps conserve lhe precio us soil moisture because t he 

soi l is d isturbed less. Spring t1llage tends to result In so il tem per· 
atun~s w h ich are cooler than fa I tilled helds. In this s udy, r~o 
spring-t lied f ields had temperatures too low fo r proper seed 
germinatio n (above 40° F ). 

Bauer and Kucera ! 19781 compared several typ~ of ttllage 
systems in North Dakota for produc tng spnng wheat . Th~>y 
obta ined very sim ila r rcsuiE to those show n hetr.. Spring tillage 
increased so il molstur~ a nd reduced ~oll temperatura slightly . 

During times of Ins~ •han average rainfall , srmng-ttl led 
flelds m amta ined moisttre le11e ls above the w1 l1inu pnant for 
barley ( 13%1, wh1'e tall ttl led fields often fell below th is leyel, 
thu s causing stress o n f "' crop. I '1 years with above·average 
1 a in fal l, o nly a slig11t, if any, advantag~ existed tor sp1 ing 
tillage. 

The major benefit of rhe spring-tillage svstem was rhe sc il 
p ro tection provided by the standing stubble. The stand ng stuh 
bl~ t raps snow a nd effectively protects the so1l t rom wrnd ero-
sion . Wind erosio n could also be prevented by a chisel p low 
operat •on in the fa ll. Ch sel plows only reduce the surface 
res idu~ by about 25% ior each pass, versus 50% tor a disk {see 
Figures 4 , 5, and 6). It is unlikely hal any tall 1l llage method 
would be equal to or bett er than fall chisel ing fo r mo isture 
conser vat ion, as wat er sto1age mcreases propor1ionally with the 
amou nt of crop residues IGreb et al. , 1970; Black and Siddoway , 
1979). 

It is assumed t hat small grains produce about BO po und s o f 
res idue per acre pe r bushel of grain produced. Thus, a 50-bushel 
crop wil l y ield obout 4,000 pounds of residue. Tho U.S. Sorl 
Conse rvatio n Service Standards and Specification c:all for 1,500 
pound s per acre of sm,ll·gra•n straw for adequate pro tec tion 
of s1lt-loam so il s f ro m wind force~. 

Cro p residues have a lso been shown to be effective In reduc· 
ing runoff and water-eaus.ed erosion (Onstad and Otterby, 1971:1) . 
Even though surface residues may ltave a nega11ve effect on soil 
t emperatures, they can increase ~oi l · moisrure ltorage. A lso, 
Black {1973) found tha, as the amount of residue increased, 
the e rodib ili ty o f the s01l oy w1nd decreased. 

Mo st farmers at Delta t ill in the spring even 1f they have 
tilled the previmJs fall, and d•sklng is the common method o r 
spn ng seed-bed preparation After h ll and spn ng d isking, o 11ly 
abou t 1,000 of t he original 4 ,000 lbs/acre of stubblr. remarn 
{75% total redu cr1on) Sotl Corrservotion Service Standard s 
indicate t hat th is amount is Inadequate ond rec.ommend 1 ,500 
lbs/acre of stubble t o protect the so·l from w[nct eros1on u ntfl 
the growing gra m cro p pro v!des eno ugh coYer to protect the 
so il. A long w ith t he reduction of res idue, disking in the fall also 

F 1gure 4. Crop re.!idue, left on rh11 ftuld tn the Is//, trl¥)s large amounu of 
snow over the winter. 

January/1983 13 



Figure 5. A direct compansion o f (;JI/ chisel plowing (/eft) and no tillage 
(rigllt). N ote the greater amount o f residue and mow in the non t illage 
area However, the chisel-plowed area h<Js a verr rorJgh j nil surface. Bot/1 
conditions provide good protection against wind l!rosion. 

tends to fl atten t he standing straw, thus eliminating most of the 
r.apacity for snow ent rapment ancl moisture conservation. 

A chisel-plow o peratio n (25% reduction) in the fall would 
leave 3,000 pounds of residue. Followed in t he spring by a disk 
(50% reductro nl, rhere would still be 1,600 pounds ot residue 
left, eno ugh to protect the so rl. Chisel plows also tend t o leave 
more nraw stand•ng 1rpr ighL (Skidmore, 1977), wh ich helps to 
catch and he ld snow (Aase and Siddoway, 1 980). Presrnt ly no 
dala ex ist for Delta concerni ng so il moist ure following fall ch isel 
plowing. Research need's to be conducte<l o n this tillage pract ice. 
However, there are o nly o n a or two chise l plows m t he Delta 
area at this time, and thr. large amounts of wood y trash re-
maining o n the newry cleared fields prr.dudes their use. 

One add itional point should be made. Disking twice ·n t he 
spring, a practice tha t has been commo n in Delt a . leav es only 
l.OOO pounds o f residue (50% reduction for ear.h pass) , not 
enmJgh to protect the soil. These two spr ing operat 1ons could 
also result in a rap rd loss of soi l m ois ture conserved over winter 
and, •n t he absence o f spr ing ra in, could delay germinat ion and 
matunty of the crop. 

No-t il l systems are Increasing in other farming areas of the 
U.S. and Ca nada. Such system s afford good control of soi l ero -
sion and a lso effecti~ely conserve mo isturr. (Deibert e t al., 1 978). 
Currently the University of Alaska Agr iculture Experim ent 
Station is researching t his concept al Delta . Lewis (1983) found 

Figure 6 . A direct com{J(Jr/SOII of f11ll disking (lefr} and no till~ (right). 
Note the greater amount ol ~s.duo and snow rn rhe r1untillilfl8 llfBii. 

little sign ificant dltfemnce In soil moisture and temperature 
between minimum til lage (one tfisking), maximum til lage (chisel 
plowing, plus two disk mrr.;J. and no till~e {usmg herbacide fo1 
weed control) . However, no-till had the highest grain production 
and definitely resu lted in the greatest protect ion of t he soi l. 

SUMMARY AND CONCLUSIONS 

Fall-tillage <md spnng-LIIIage systems were investigatflod 10 

de ter mine th eir effects on soli rnoisturs and tl;!mpera lUres. 
Sp ring tll lago conserved more moi~ture in thP. surface 6 in ches; 
o f so il and Increased the probability of ra pid seed germinatio n . 
Fa ll- tilled · ground t ended to be s llghtly warmer, bu t spnng tilled 
fields were adequat lely warm for seed germination Spring till-
age has a substantia l soil conservation advantage because the 
standing grai n stubble is left on the fie ld over the winter for pro· 
t ection against wind eros ion. 

Taking into consideration field co~it.rons (woody trash ) 
and the lack of eqwpmenl (chisel plows). the best rurrently 
kno wn system for seed-bed preparation, crop production, and 
so il conservat ion appe-.1r$ to be spr1ng disk ing with no p revious 
fnll tillage . This t illage pract ice conserves morstUrEl, pro1141nts soil 
loss b y w ind, and conscrv~ costly enPrgy by reducing lhe num-
ber oftrips across the field. D 
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PI anti n g and Fe rt i I i zing 
Options 1n Barley Production 

By 

Char les Kn igh t " 

INTRODUCTION 

Spring pl anting time is a c rucial pe r iod fo r Alaska's barley 
fa rmers. Given the short time durng which the sead must 
l>e p lanted in order to reach matu nty and Mother Natu re's 
fraquently uncooperat ive at titude at this time of yeat, farmers 
often find t hemselves w ith only 10 d<lYs to 2 w eeks to plant 
thousands of acres of barley. Consequently, p lant ing prec ision is 
often sacrificed for speed. 

A common scena r io of spring p!LJ nting in interior Alaska 
could be desc ribed as follows: aft er the snow melts. fe rtilizer 
is broadcast on the rie lds wh ile the grou nd is st ill frozen or as 
sonn as the so il is dry enough to support equ ipment; fert ilize r is 
incorporated as soon as possib le with o ne or two disking opera· 
nons ; then barlay is planted w ith <l qrai fl dril l. If plant ing 
lime 1s short du e to wet weather, equ ipmen t fa il ure, etc., the 
barley seed is broadcast with a fe rt lizer spreader and covered 
w lh a light disking operation followed by a packer. Occasion · 
ally th is planting procedu re works, but it is also time consuming, 
labor intensive, w ea th er dependent, and highly suscept ible to 
delayed seed germination and wind erosion . 

PROBl EMS AND DILEMMAS 

Da nger o f crop damage from early fa ll f rosts can be greatly 
red u ced if good seed is plan ted correctly, allowing the crop to 
get o ff to a qu ick start. Fertilizer, particularly phosphorus 
wl lch moves very little in the so il, shou ld be mixed down in to 
the root zone and not left on the soi l surface whe re it is u navail-
able fo r plant u se. The fertil ize r should be ti lled into t he soil as 
soon as possible fo llow ing applicat io n to reduc~ 'lossible nitro 
gen losses due to ammonia volatilizatron. Seed shou ld then be 
plante d im:ned iatP.Iy aher rhe t illage operations before too 
much w ate r has evapo rated from t he soil. Since water is lost by 
evapofat ion each t ime t he soil is d isturbed, and each f ield 
o peration reduces the amount of crop residue on the soil 
surface, it is a rea l problem getting fertil izer properly incor-
por a ted and barley seeded with m immal losses of so il moist ure 
and su rface trash . If the f ield is worked enough to do a good jo n 
ot inco rporating th e fertil izer, large amounts o f su rface t rash 
and soil moist-u re have been lost le·avi ng the f ield highly su s-
cePtib le to w ind e rosion . Low soi I morstu re and a loose seedbed 

•tnr.uuetor, Agronomy, Agricultural ExpeJiment Statio n, Fairbanks. 

due to large amou nts of tncorporated straw may al~o delay se!ld 
germ in;:rtion and re;;uh. in uneven crop amcr]encc and delay ed 
harvest . 

H t he farmer fall :; bade on rhe broadcast method of seed ing, 
he m ust expect lQ make certain sact~fice!; . If he b1 oadcasts bot h 
thll seed and fert ilizer before ltllage, he must clecitle w l1ether to 
worl< the ground ligh tly and d o a poor job of Incorp o rat ing the 
fertilizer , or to ti ll the so il vigor(J(I!;Jy, domg 01 go al! job of incor· 
porating the fertilizer bul burying a larg<! portio n of the seed so 
deep ly that crop emergence will be sporad ic, possibly resulting 
in a poor sta nd a.nd delayed harvest. If the fertili7er is fi rst 
broadcast and ltl led into t he so rl, ancl then the seed broadcast 
and covered w ith a shallow t illage and pack rng o pe rat1on, a large 
amount of e nergy has bllan expended gettmg the crop planted ; 
conside rabl e a moun Ls of moistur(l and crop residue s have been 
lo st ; and there is srill no control of seeding depth to ensure 
unifo rm crop eme rgence . 

One possible solution is to mcorporatc all of the fertil izer 
in to t he soi l wi th a no ·£tll planter and e liminate tho proplant 
ferti lizatio n and t il lage opE!rat ions. Ag1icultural soils in interior 
Alaska have a very low c lay content and, [herefore, have very 

Broadcasting fertilizer (abotffl) is no t only t ime consuming, bv t also 
costly. Fertilizer efficiency i< greer/y inc~eased wh~n i t is applied in con· 
centra ted bands beneath rho soil surffca •nr:l nc.ar rllt1 SfUir:l row. 
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W1!"n planting through heavv crop residues in a no- till c ropping system, 
the planter should sl!ce through che surface trash and p lace seed • nd 
f•rtlluwr in the moist soil with minimum so il d isturbanct•. 

few compaction ;Jnd c:rusting problems (U.S. D A., 19731. The 
on ly apparent benefits from ti llage prior to planting are the 
destruction of perenn ial weeds and a possible increase in the 
warming rate of soils in the spring. Two years of research with 
vanous t illage practices in the Delta- Clearwater area have shown 
very li ttle spr ing temperature d ifferences in ulted and untilled 
soils and no appar£Jnt effect o n barl ey QlllminatJOn. 

Perennial weeds are usually found o nly in ratches and are 
usual ly mo re effectively controlled w 1th spot he rbicide applu:a-
tlons than by t illage. With th ~t recent development of agricultural 
herbicides, many people have been questioo mg the need fo r pre -
plant ti llage. For t n is reason, farm equipme nt manufactu rers 
have recent ly been designing m in imu m · t ill and no -till gra in 
d rills which, in one operatio n , can both plan t seed and apply 
fertilizer into soil that has rece ived little or no tillage since the 
previous crop. These drills place the fer t ilizer in a narrow band 
e1ther In the row w ith t he seed or in a separate band below or to 
one side ot the seed. 

Banding fert iliz er with the gra in d ri ll o ffe rs many advan-
tages over broadcar.t applications. Bes ides t he t ime and exrense 
saved by el im inatlng the ferti li7er app l catio n a nd incorporation 
oper.Jtions, tertii izer application rates can ofte n be reduced by 
20 to 25 per cent wi thout reducing y ields when us ing banded 
fe rtilizer I Loynachan et al., 1978). Some possible explanations 
fCJr th is more-efficient use of banded fert ilizer inc lude : 1) no 
lapse between fertll ize r app lication and incorporation dur ing 
whicM t ime n itrogan m igiH be lost by ammonia volatilzation; 
2 ) all of the Fertilizer is p laced in the root zone a~1d none is left 
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on or neor the soil su rface where i1 wi ll rema·n unavailable to 
plant roots ; 31 the narrow band is p lace<! near the roots of the 
crop and is no t unr fo rmly sp read between tho row:. where much 
o f it might be used by campet mg we!M:Is; and 41 the concentrated 
band of ferti lizer makes con act with less soil and, therefore , s 
not as Sllsceptible to being traprH<J by soil particles a nd held in a 
fo rm unavailable for plant use. 

There are also some d isadvantages to banding fert ilizers. 
Virtu ally a ll c hemical rertill2:ers are salts w ith varying rates o f 
solub ility . Although plants need these salts tor survival , an ex-
cess o f solub lfl salts around a seed w·ll d raw wetcr out o f t he 
seed and delay germ ination. It can also d raw water out of the 
seedling roots after germinatio n, causing the plant to w ither and 
d ie. In lnt en or Alaska , a normal annual fertilizer app licat ion for 
ba rley is approxima tely 400 pounds pflr acre . If all of these sa tts 
were banded in the row with the barley seed , severe root d esic· 
cation and stand red uction would be expected unless adequate 
rainfa ll were rece ived to disperse the salts p rror to seed germina-
tion. A good rule o f rhumb is that not mom than 140 po mds 
per acre of fertilizer should be banded In the seed row with 
small grains (Loynachan et aL, 1978). 01 ihis 140 pounds o f 
fer t ihzcr, no t mo re than Hi or 20 pounds should be nitrogen, as 
nitrogen fe rtil izers absorb walor very rapidly end mily release 
toxic amounts of ammonta n the area of the seedling 

PLANTING EQUIPMENT 

The farmer is faced with several options in plili'Hing equip-
ment . Ideally, it appears mat he shOtJid u se a heavy grain dr II 
capab le o f penetra ting unt1llod soil. maintaining a unifo rm 
seeding depth, and bandmg large <~mounts of fertil1zer in a band 
that is e1ther be low o r to one stde of the seed row. Next, he 
must decide wha t type o r furrow openers to select fo r making 
the rows for the seed and fartillzer. 

There are two bas1c types o f furrow openers fo r grain 
drill s - disks and hoes. There <Jrc several variations of each type 
of opener, each o f wh ich has its own merits m different so li 
conditions. Disk -type openers are flat or dished Circles ot metal 
w ith smoo th, scalloped, or serrated edges which are mounted 
eithor singly o r in groups of two or three and rolled a long to cut 
an opening for t he row. Hoc -type opuners include a wide range 
of shove ls from a narrow spike to a 4 or 5-mch sweep wh~c:h is 
pu lled through the soil to open the row. 

Som e advan tages of disk openers are that they are fa irly 
easy to pull through the soil; they cause minimal surface so1l 
d istu rbance; and they wil l roll up and over tree roots and 
clumps of heavy straw that are too tough to s.llce th rough . Hoe 
openers are superior to disk openers 10 the1r ab1 lity to penetrate 
hard soils, and they maintain a more uniform pldnting depth. 
However, they reQuire more power to pull them, cause more so il 
disturbance, and are susc!tptible to plugging by tree roots and 
damp straw being raked along ahead of the openers (Schaaf at 
al. , 19801. Since most farmers in mtenor Alaska are working 
with newly cleared la nds and stil l have t o contend with num-
erous tree roots ~nd buned st1cks, !Jaln drills w1th d1sk opcMrs 
have been the most popular . 

The next conside ration for s11edmg equ1pment is some 
means of pressing the soil firmly around the seed. Good soil 
compaction aids in moisture transh3r fro m the sml to the seed 
and encou rages early seed germ inatio n . Most grain drills have 



only d rag-chains wh ich pull soil o ve r th~ m w, coverin!J the seed 
but not pack ing lt. Pre ss wheels ar<~ usually preferred lrt int~ior 

Alaska because of t he rr ab ihty to rolf o ver sticks and tra sh 
whr.te d rag ch ain~ are often pulled off by bu ried snags. In the 
<tbsence o f p ress wheels many t armen pu ll cult ipackers behind 
their grain dril ls The b iggest d is~dvantage of a cu llipacker is 
that il des'tro ys a majority of the c lods between t he rows leav1ng 
lhe sa il surface smoo th and high ly su sceptible to wind erosio n. 
This u niform c ompaction of the so rl not only rmp rovcs condi 
lions tor early barley germ inat ion wit h in the rows, it also 
encou rages earl'( weecl germ inati on between the ro ws. 

DECISIONS 

Assuming that a fa rmer has access to a grain dr ill with 
furrow openers and p ress wheels su ited for his f ield co nd it io ns, 
and meeting with all the d esirable criteria listed above, he still 
mu5l contend w·th a major obstac le. Most grain drills have a 
fer ilil er box with a ho ldrng capac•ty of nol more than 175 
pounds for each foot of w idth. If a farmer Is pull ng 30 feet or 
grain dn ll and applying fe rt ilrzer in J b and separate from 1he 
seed row at a rat .. o f 400 pounds pet acre, •t is mea ns he mu st 
stop dnd refill h ·s fe rtlll7.er box at least every 13 acres or a 
mi rrmum of 153 times t o r 2000 acres. Giver. th is choice, a 
farml?r may wish to return .o the b roadcast method of fertrll zer 
appltca t ion. One logical co mprom ise Is o band a small amou n t 
or "starter" fert lizer in lhe row with the seed and broadcast 
the remainder either before or immedia te ly after planting. 
When exercising this opt ion , it is besT to band the relat ive ly 
rrr s.oluo le phosphorus into the so il dnd broadcast t he wa ter· 
sohJOie n it rogen and potassiU m salts on the surface whe re the 
ra ·ns w ill leach them Int o the roo t zone. A fernhze r that con· 
rains a little ni trogen and a lo t of phosphorus r~> u su ;:~ lly con 
$ldered a good choice 1or bantiing to ge1 seedlings otf to a good 
start. 

ONGmNG RESEARCH 

The Agricultural expe ri ment Stat ion Initia ted ~ t illage 
study in the Delta -Clearwater area of inte rior Alask a in the 
sprmg of 1980. Fund ing io r rhis project has been p rov ided 
by grants fro m the Un ited States Der artment of Ag ri cu ltu re 
(USDA ) and the USDA So il Conservati on Ser>r1ce . The ma jo r 
em phasi s o f the study is to compare the performance of bar· 
ley and ra peseed grown on soils receiving varying amounts of 
tj llage p r ior to p l::roting. The main goal is to find a qu ick and 
effect ive meth od of conducting spring p lanth1g operations 
with min imum soil dist u rbance and m ax imum soi l and water 
conservation. 

Small amounts of ~tarter ftf'rt III"•Jr blinded Jn rh a row wtth lhe seed get 
the plants off to a healthy starr The Haybvs rer Mu:r~erler uses narrow 
angle double disk furrow opuners loflowt!d by narrow rteel press wheels 
to achict1e this task. 

A Haybuster MicroSeeder with nar-ow-angle double d isk 
furrow opene rs and steel press whee ls was purchased for lhe 
in itia l stud ies. This plarun has the capabrllry of plantrng m 
soil wrthout prior ttlloge ancr b ndmg fert ltzN in the row 
wrth the seed, but caP.,ot band fe rttli ler erthe• beneath or 
besrde the seed row. In this tillage study, 100 pounds per 
ac re of st arte r fertrlrzer (11 51 01 has been banded in th~ 

row w rth t he sP.ed on I plots. Add t io nal nitrogen .,nd po-
tassium fert ilizers have been b rOildcast 011 tlw soi l s nfac~ 

prior to any t illage or p lanting operations. Durinq the iirst two 
yea rs of the study, thor.; have been no s ignificant diffe rences 
·n barley yie ld betweer those plots rncr.iving rillage beforl!' 
plant ing and those plo ts which were p lanted w ilhout prior 
t tllag.e. On t he rapeseed fllots, however, differences have oc· 
cu rred w ith rapeseed plant:; m the no -1111 plots showing severe 
phosf:lhorus def iciency symr toms. Theso differences ar!! appar· 
ent ly due to p lanting depth , because barley is planted about 
1% inches deep and rapeseed is planted only % inch di!'P.p. 
Since all of the phospho rus Is being banded with lhe seed, ft 
is be i11 g p laced only /~ in cll deep In rhe rapereed plo ts . The 
so li is apparently too dry at the y,. inc:h depth for rhe roots 
to absorb much of tho added phosphorus. 

In 1982, a No blu grain drill with hoe· type furrow o pen 
ers and sepa rate opener$ for bandmg ferti lizers curside of the 
seet.l row was purchased to permit further resenrch in these 
~ma~ . The 11 llage stud y Is heing moved to another locat ion lrr 
1983 and changes are bemg made in the study design, More 
e mphas is is being placed o n barlay being grown rn a continu-
ous cro pping systom. Ag<Hn , major emphasis will be place<! 
on reJLrced tillage, reduced so il and water lo sses, end ma XI· 
mum retu rns in barley product io n. 0 
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Whitt! Mount;)if! Trai l: Wickersham Dome Area. 

Recreation Planning in the White Mountains 
National Recreation Area 

The Recreation-Opportunity-Spectrum System 

By 

Richard B. Tobin" 

The passage of the landmark Alaska National Interest Lands 
Cons.Brvation Act o f 1980 (AN I LCA) ended a decade of debate 
over the future management of public lands and resources in 
Alaska. A major r rovision of AN I LCA was the creat ion of 
Alaska's only Na tion <:~ l Recreation Area· the White Mountain~ 

NRA. Although overshadowed by the an enrion given the Na· 
tiona! Park und Natronal Wilu life Refuge Systems, the millio n-

•Graduat1! Studanc, School of Agriculture 11nd l afld R.so\Jrces Manage-
ment. Fairbanks, lltld Out door Recreation Planner, Bureau o f l and 
Management 
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acre White Mountains NRA rivals recreational opportunities 
found anywhere in Alaska. Coupled wlth the dosco pro>umlty to 
Farrbanks via two major highways, the Whrte Mountains NRA s 
clearly unique from the majority of remote national conser-
vatio n system unrts. 

At the heart of the National Recre.:~tion Area lie the jagged 
limestone peaks of the White Mountains, which rise sharply 
from the surrounding, roll ing hills to o"er 4,000 feet in eleva· 
tion. The c lear, cold water of Beave Creek Notional Wild River 
th reads its way through the range, o ffe ring float boaters ;m 
opportunitY to view the impre$Sive White Mountains from three 



stc1es. Perhaps the most spectacuiOl f ltlew of the mountain!: is 
obtained by h ik ing into Fossi l Creilk Canyon where fossils a nd 
unexplo red caves may be fo und Opportunit ies for viewing 
wildli fe a lso attract visitors to the White Mounta ins NA'A, with a 
long list of sightin~s including moose, cariuou , black and gria!y 
bear, wolf , Da ll sheep, and numerous waterfo wl species. 

Congress had more 1n mind than providing fo r recreat •o n 
opportunities w hen the Wh1te Mountam~ NRA was estab lished 
The legis lat tve mandate to " rrovide tor public outdoo recrea-
t iol'l use and enjoyment" wh ile st1ll !!!lowing for the m anage-
ment o f other reso urce va lu ~s and existmg uses has provided 
the Bw eau of Land Management (B LM) wi th o ne of the age n-
cy's most difficu't (and potent ially rewarding! planmng af.sign-
ments Becausa recreation is normally considered as only 
o ne o4 many multiple use values in a land ·use p lan , concern was 
raised that t he staodaro planning methods would not be ab le TO 

aduress recreat o n adeq uate ly as the predom inant resource value 
a the com plexi ty and scale requtred in the White Mounta ins 
N RA.The B LM would need t o U!>1:1 a recreatio n plann ing ap-
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proac h vvh ich w<Js compat"l.Jie with he ex i stin~ planning systern 
for other resource values, realistically tu~d to cho1ce, and capa-
ble of providing a fu ll range ot recreat ional opponuniti~. Based 
upon successfu l p lanning rtforts outs1de ot Atalka which met 
these standards, the BLM has- adovtoo the Rec1eat•on Opportu· 
111ty Specrrum (R OSl syStem fo1 usl nationwide. The land- use 
p lan for the White Mount<~ ns N R A w•ll he the firsl application 
o r t he ROS system in Ala-.ka. The land-u~e plan Is scheduled fa r 
co rnplotto n ln the fall of 1984. 

T he Rec reation Opponunity Sp~trum System (ROS~ 

As •ts name H'n PIII~. 1 ,e ROS d~:~fines a range or spee1rum of 
recreatlonal opponun1tfes .vh1ch the public aru:J pr vate secto rs 
can prov de t o mee1 a dPJHr\l t V r'lf VI I tor mef.,renr:es. ThiS range 
o f recreational opponur i~>s 5Pans a c:onri um rrom primirive, 
hack ·country areils to modern urban parks. 

• 
~~~ ~ . ' \ 

.11«-
H- t, 

124 " 116" 

The Wl1 ite Mo(Jntains National Recreation Area i• located n orth o f Fairlr.mks in Interior Alaska. 
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ROS is based on rt1e lo9ic that people prefer to PiJrticipate 
in spec ific types o f recreat io n activit1es within certa in preferred 
environmental settings in o rder to attain those krnds of ex-
p~:riences t hat y1eld personal satisfacti on to them (Haots and 
Buist, 1 980) . T he ro le of the recreat1on manager is to provltle a 
range o f stab le recreation opportunities in wh ich a re-crea tionist 
may shape his own experiences. 

In the ROS system, e~o~<:~ lu a t i on criteria have been esta-
bHshed wh ich help to locate an ex isting or proposed recreation 
opportunit y within the co nti nuum (Brown et aL, 1 978; Clark 
and Stankey, 1979; Hoots and Buist. 1980; USDA, 1982 ). 
Theso evaluation criteria o r factors can be clustered into t hree 
categories : 

Physical facrors re lat e to the amount at environmental 
modi ficatio n from human ac~ivnu!s allowab le at a g1ven 
locatio n. Physical factors include the d egree o f remote-
ness, the evidence of human activity , and the overall 
size of t he :uea. 
Social foctors relate to the amount of uroe a nd social in -
teraction - the amount of contact between individuals 
or groups. 
Managerial factors relate t o t he amount and type of ad-
m inist rat ive action taken t o manage cur rent recrea t ion 
use. T h is is ref lect ed by the num ber 0 1 user controls and 
their VISibili ty (F igure I) . 

The ROS system is d esigned to help the m anager se lect 
combmatlons of !iocial , physical, and managerial fa ct ors which 
are compat ib le in a single locatio n. Th e~e combinatio ns are 
arrangetl along the ROS, as descri bed 1n Figure 2.. 

The grouping of compatib i<J facto rs along the spect rum also 
assists t he m anal)er in avoiding inconsistent or Incompatible fac-
tor co mbinatio ns. For examp le, managing an area f or its " essen-

Primtt ive 

ArN o$ ch • .,~ct e-r ized 
by essent ·a lly uum o d­
lfocr1 n.1t u r.\l environ 
mont or 1<1lrly l~rgc 
size. I nteracllon tle­
h'II!C:rl U>crs • very 
low and ov idanc;a of 
oilier u sers l5 min•­
"'"•· T!le ~•e.• I• noan-ago!l to be el5ontlal•y 
free from evidence of 
hum~n-inouced re· 
;;~rt,;tions and comral,. 
Motatlzed usa wllllln 
thn area is not por• 
n.ned. 

Semi- Pri mi ti ii'B 
Non-Motonzed 

Area Is charactarlze c! 
b y • predomln.\1\tll/ 
natural o r natural .1!:1 
pe.;r I no environment 
of m()(fcr.>lc: t o· tllrge 
size lnterac;t on be-
t weeol usets Is low 1101 
t hnre I~ alto·• ~Ill· 
d enc e or o t her ussr!L 
T tl l! ~re~ Is orunftgell 
in such il way that 
mi,., ,m,Jon on· 11Le cou­
trofs ana re1tri~t1o ns 
ma y be pros<!n!, t>ut 
are subtle. M olorlzed 
uso 15 not Pvrnolttecl. 

Semi- Primitive 
Moton zed 

Area Is characterized 
t)y " p reclom iooJntly 
natural o < naturai - .TP 
pearirHI environment 
o: moacr~le·tO·Ia•ge 
siZe. Con cep t ratio n of 
u~tr$ ls low, but tnera 
, .. often evodence 01 
·Other users. The ar t:<~ 
I> mBnaoeo Is ~uctl a 
way !hAl minimum 
on-~o! e controls ana 
r<:Siricllo ns may l>e 

r.~fiUM'~t o~~;~r ~~~ 
permitted. 

SOCIAL 
FAC TORS 

MANAGERI AL 

f A CTORS 

F igure 1. A recri!Jtion opporrunlty tt created b y a r:omtunat:Jon of p h vs­
ical. social, and managerial factors. (NotF.: The shBded artNJ reprerenn 
hJrmony b'•twuen catllgones.) 

t ially unm odified natural environment" (physical factor found 
in p rimiti ve opportunity setting) wou ld not be compatible w 1th 
an o bjective to provide "fac1litias tor h ighly intensified m otor 
use" lphys ical facto r found in urban opponumty se.mngl. Be­
cause administering a site Wllh incompa-rible combmations of 
physical , socia l, and managerial factors is the prime cause of 
conf lic t between recreatlonists, other resource ysers, a nd the 
managing age11cy Itself, the recreation p lanner must be able Lo 
c learly Iden tify <1nd implamem t he combinatiOn of compatible 
factors wh ich best describes the Sf)llcific man~mern objecti ve-s.. 

Roaded 
Natural 

Are.a s cnaracte· izod 
by .; preclom onantly 
naturA ~ppe.ulng ... 
vcronmont w llll moo 
crate evidences o f th<. 
~lgnt• a ou:t sounds of 
man. Such evoc:11n ces 
usually ,.armonlze 
with the natural envl­
ronmunt. I ntor~etfon 
between users m a y be 
low 10 moderate, but 
wlttl evidence ol 
other us.or' orcv41ent . 
l'l.asourn moelifl~ 
tton and u t iliza tion 
praclio~ .. rlt " video I , 
Du t harmo nl.r~ w i th 
the natural env lro"'· 
n'ltlolt. CC>nventfanl!l 
mot oror.ad use •s pr o ­
vided lor In c onst ruc­
Uon U a 11 03rd 1 • nd tJo· 
sign of fa,oiHics. 

Rural 

Area Is cnaracter zed 
by a substantiA ty 
ntodlftOd natural envi · 
' onrn eflt. R esourc;e 
modification and utl­

illltloo cno~c:..t Ice, are 
to lnhanca sp..: 1 c re­
creation acllvllles ancl 
torr n[trl31n vcggtatlvo 
cover and soU. SIQhti 
ollld ""und~ or hlorrl~n· 
·ore: reo~ally evldant, 
ilnd I he Interaction be-
lwarw user~ it often 
moderate to nlvn. A 
considerable nuMlbe. 
o f f 4ci hOIS 1r1 cle• 
slgnecl tor use bY a 
l.argl) numoo• or nco· 
Plo. Facll llesareollen 
pro·~Jd<KI ror speclo~l 
ICII.,.I\Ias. Mocl«iltC 
densttles are pro\llded 
fa r ltw~y lroot1 r1 
vtoloped ~·tn. F1cih· 
t•es for lntenstfled 
II'IOIOriZed U~ ~nc! 
p~rk lng arm av~ Iailie. 

Urban 

ArM Is <:hdr.lcterlzed 
toY • sub$t.antl.ofly 
urb.Jnozed envlron­
f'llnt, •lthaugt the 
O.:Jc;kg•ound m ay hav 
natural appear ng ol&­
ments. Renewable re-
SOllrCe modiflc•tlon 
and utlllzatlon prac­
tK~ .. ,<1! to enharlce 
tpeclttc roera.nhon ac· 
tlvltles. Vl!!le!atlve 
cover 1~ nuen e>< Otk:; 
~nri l'n<ln>euf"C'd. Sights 
an" sounds ol humans, 
0., -~lte., are pr a dOll ' . 
in•nl. L..1rg• 1\umb-er~ 
at u~er; o;an be ex­
pectea, tlalh on-$lte 
<111Q in nurby aroo1;. 
Fac;III~Jes !Gr hl~l1llf 
Intensified moecu U58 
mnd f'>olrleing an avail 
able wltll forms o• 
m1~s lrMI$il onan 
<I"IIIAbll lo carry 
people IIHOU\IIlOUI 
11\e site. 

F1gure 2. The Recre.a rion Opporrunity Spectrum is created b y arranging distmctlve recreationul Sdttmf}r ~tlong 11 ccmlmuurn L1sred billow each rocr<· 1-
von opp orrunity setting is a descriptive svmmary of comp atible physical, social and mana.gerial lm:tors. 

20 January/ 1983 AgrQ bore~lis 



6€.r---------~',4rs_· __________________________________________ ~,4r7_. _____________________________________ _,66• 

L egero 

C Pnmolove 

0 Semol'tomolove, nonmotorized 

!;zj Sem·orl"' love, Jl'(IC o z~d 

[!!! " oo<Jed No•urol 

ffi] Rur 

C U·b~ n 

--- WtHte Mtns Not't Rec Area 

::. n I() 15 ...... 

5 0 5 ~o 1S K'm. 

147° 

Existing summer recreational inventory by ROS classificat icw fa r lhf' Wh1tll Mountains NRA ~ ,hnw t abnve. The ROS c/au IJr:.t 
tions arc derwed by indentifyin.q the existing physical, social end m,lf>ageruJ/ factors .vhich tO{/Pther compns till p rtstilf r t retr 
tJonal opportunity setting. 

ctgrnbort>alis January/1983 21 



A mul guidt'S visitors r/lmugh rf•• Whii'B Mounrams Nation.~/ Recr1nWon 
Aroa. 

Wildlife can be seen throughout the N.R.A.; th is caribou rt:prt•sents Orr!l 
of m/Jny rp6 r.:lfli. 

BtNivcr Creek offers water-relstLld recreatiOnal opportunit ies such as 
filftrnr;. 
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C.Jmpen wdl fmd cli:an ;mtl .rttractrvfl faci/n,es nBiJr the NRA, such ns rhe 
om! at BLM'~ Cripple Creek cempground. 

Mtmy sp ectacular vit;tas occur In rhe iJrtnJ, such l.tS thl'¥ on~! of tho ''Big 
B tmd" of Beaver Cn1ulr. 

TMs boaver pond adjact:fll ro Bsavsr Crek offers iln opportunity for wifd· 
lift: ~·tudy. 



APPL YING THE ROS SYSTEM TO THE 
WHITE MOUNTAINS NRA 

Step 1 - Ident ify Planning Goals and Contraints: 

Tile manager must first be able ro identify the goals and 
constraints w ithin wh.ch the plan nin9 effo~ will tak e place. In 
the W11 ite Mountains N RA, these par ameters were es tablished 
by: 

legis lauo n (ANI LCA ) 
- · agency po lir.y IDap.arlment of rhe lmorior and B LM 

di recrivesj , .. md 
the exisring ~rtu at•on 11 the regao n (roads; pat erns of 
recreat ion u~e; present managem ent contro ls; and other 
physica , socia l, and managerial far.tors) . 

Step 2 - Identify Issues am! Concerns: 

The identification of key planni ng issues and concerns is ac-
complished through extensive public irrvoiVIlment , discussions 
with ~ubl1c and private organizations and internal agency re-
view. Without I his step, the recreatio n pl:~ nner may expend t ime 
and resources on issues of lim•ted importance or public concern, 
or may inadvertently omit an issue or concern which may in 
far be lar-rr.ad11ng in both scope and effec t . 

Step 3 - Inventory Exist ing Conditions~ 

During the recreation invento ry process, the White Moun -
tains N RA wi ll be carefuUy exarn inf!JU to id11nti fy the exist ing 
physic<1l, socia l, and manage rial factors which together comprise 
th" present rec• eanon o pportunrw settings. Because ot the sig-
nif rt:anf difference between ~oummer and w inter rec:rea tronal use 
in the 1.Vhite Mountains N RA, a separate su mmer and winter m-
ventory assessment w II be p repared. 

Step 4 - Identify the Proposed ROS Cluses: 

One of the unique attrib utes o f the ROS system is lhaL. 
when the mana!Jer idenli fies the combinat ion of compatible 
physictll, social, and managerial factors wl1ich will create ttla 
proposed recreat ional opportunity setting. the planner has effec-

tively establishetJ clea rly deflnr-d management objacrivt>S for the 
planning area. Once the management objective$ have been estat. 
l1she-cf , the plann r can tdcrtJty the types of act vifes whrch are 
likely to occur and propose development\ (if ,my) wh ch are rc-
quirP.d. In theW lite Mounrarm NRA. these recreation manage-
ment objectives will thl!n be Incorporated lmo t.he overall 
land-use plan . 

Step 5 - Act ion: 

The fina l step in he plannmu 1:.Hoce~s w•ll b11 to: 
- im plement the !.and-use plan to ar; rompll~h 

th e identiftod objr.cttves · 
moni tor the resources, the resource users, and tl'l~ effec-
ltveness of the p.lan ovj r trme; 
revise the plan a~ necesS:JrV to ensure that a stable recrea-
tioll opportun ry I!> prnvtded, re~ource values are pro-
tectod, and the 8 LM remains responsive to the tu rure 
needs of the public. 

THE ROS SYSTEM IN AI..ASKA'S FUTURE 

Allhough the fmal Ollt com~ or the White Mountains NRA 
land use plan ruma•ns some time twuv, l'le ROS system has 
already hegu r1 to prove rts usefu ness as 1n efficient and effec-
tive recreatio n p1a11ning tool. To date, the ROS syst~;m has 11eon 
compatib le with e.xisti"'g planning systems tor other resourCk: 
values, o ffnred realistic choices, and ~lro,.,id~d a range of rer.rea-
Lion oppor Lu nrties with n tduntlfiad C]oals and r;onstr~fnts . Mo1t 
importan tl y, the ROS system h<Js helr-Jd to establish cl e<~rly 
defined management o bJectives antl identify tha conseqUiilnces 
of alterna tive managament act 1om . 

In several respect:., lhe White Mountain~ NRA is represent-
ative ot many other areas ln Alaska . untappetl recreaHooal op· 
portunit ies, largl! acreages, and ponmtial conf ' lct5 In resource 
:~llocat1on. The fu ture of the White Mountains N RA. then, may 
lie oot only In the area's ablltty to provide il diverse and stab 
rangE! of recreational opportunities with·n 1ts own boundaries, 
but 1n its ability to provtde an example of how the ROS system 
can potentially enhance rccreatronal opportunitie-s on a state-
wide basis as wel l 0 

RE FERENCES 

Brow,, P.J .. 0 rver. B.l.. , and McConru!ll, C. 1978. The Opoo rtunltv 
Spectrum ConCJlf)l and Be~avior~ l Information rn Outd oor Ret: 
' i'<l o n Resourc Supptv lnvu11tories : di!'Cio.grour>d anrl A pp lication. 
Puper presP. nled Bl tne Nat ional Workshop on ll'tagrated I•Wel\toties 
ol Ren~twabh.: N:uural Resources. T ucsor), A1120 111!, January 8 - t 2. 

Ctar\;. R.N ., <1M Sranl<ev, G.H. 1979. The Recrea t1on Opporlu ll ilY 

Sp~trum A Framework for Ptann ng, Mcln.agcmtnt, and Research. 
U .S.D .A . t-oresl Ser1"ce Ge111f'ral Tecl1nocal Rapon PNW-98 

Hoots, T .A ., and Bu•st, L.J 1980. R.,c ton Opoonuruty Specrrum: 
A New Managemenr Concept, Trends 17;4 . 

US DA. 1982. ROS Usar' Gtiidl!, For'l31 SilrvocP. H11t11clbook . April. 

Agrvbor11olis January/198J 23 



Figure 1. Here whtte s(Jru c;e f orest covers <~If but the upper cliffs o f (his peale in the !Outhem White Mountain.r. 

Limestone Landscapes of the 
White Mountains 

By 

Glenn Patrick Juday• 

INTRODUCTION 

The helicopter had disappeared behand the sharp ridge crest 
of he Wh ite Mount<:~ ms whore we had landed. We began t o 
make o ur way down the sleep, sou th fa cing, ta lus slope. Every· 
where we put our boots, graYe l and rock fragment~ sh ifted o r 
began to tu mble down w ith that clink mg so und characteri stic of 
l1mes1one. Occasio nally we fo und outsel11es n m- rocked as we 
triad m work around hl1 ue slabs o f the mo untain, only to con· 
front cli ffs and overhangs. Across the val ley, some o f these over-
hangs were deep enough to form caves. In t he bottom of this V· 

"V1s1ting As.soc1ate Pro fessor and Alaska Ewlogical RI!Mrves Co ordma-
tor, Agrioultunl Expariment Station, University o f Alillka, Fairbanks;. 
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shaped valley, we saw stretches of a sizable stream, yet noth ing 
but a Jrv grave l wash left the valley at rts mouth The play of 
sunlight on the mountain produced famt, subtle pastels of 
brown, yellow, and purple wh1ch nestled in the gray face-s of 
cliffs and boulders . The gleaming white ot ~unlit, part ia lly 
weathered limestone talus set off rhe cr 1sp blull ~ky . 

As I took In these featurtls, some of 1 hom cl<nsic lndicato r-5 
of hmostone co LJntry, I felt transported from interior Alaska. 
Larry Knapman. Dalo Taylor, both of BLM, and I were evalu.n· 
ing one o f five potential Researr.h Natural Areas (RNAsl in the 
2 .2 m ill io n acres o f the ~hite Mountams Nationo~l RP.creation 
Area and the Steese Nanonal Conservation Area. (Research 
Natural Areas are ofiicialty designared parcf!IS of Federal land, 
usually one to several thousand acres in size, managed fo1 non· 



destruct ive scient ific and education iJI uses.) We had a greed in 
advance on the ki nds of geolog ic ·eatures and t he species of 
plants and an imals n eed ed in the ; ive "representative" RN A's. 
We expected t he area on limestone in t he White Mounta ins lo l>e 
div~trse. B~! 11 was especia lly plea sing to sec how many of our 
researc h features we founu and how clearly expressed sorne 
wAre. 

How did the White Mountains come about? How do some 
o f thr. c lassic features of limestone coumrv sl1ow up t here? How 
woll deve lo ped aru tl1ey? These ques tions m otivat ed ow search 
for an RNA; the J nswers, as well as w e could dete rm ne them, 
giv~ 1n unrlorst andlng of a sc ientifica lly important and fa sc inat-
i!lg li tt le piece o f A laska. 

ORIGINS OF LIMESTONE FEATURES IN THE 
WHITE MOUNTAINS 

In th•s arricle, rhe term White Mounta ins refers to t he majo r 
hm· stone outcro i)p ing in the broader Wh te Mounta ins are<~ , 

sometimes referrPd to a s Fossil Creek Ridge. The Tolovana 
I mtJsto ne here is Silw ian to mid· De•1onian in age, pro bably d~ 

postted in a sha llow, stable, marine enviro nment. It is most ty 
rnade up of chem1cal or bioche mical prec ipitates. forming a re la-
tlllety homogenous microcrystaline calc ium carbonate. The lack 
o f terrestrial ma teria l mixed in is norab le (Church and Du rfee, 
1961 ). 

How did the White Mountains fo rm? O ne new geologic 
thr.o y hold s that much of Alaska 1s m ade up of microplates of 
rhe earth 's surface . This theory says that t hese mic ro p ldtes o rlg-
lnatetl as is lands and ocean bottorn HI the Pacific to tl1e south 
a nd were swept up by plate motion 'ind smashed in to a growmg 
edge of t he North American conti nent. That theory accou nts 
for many of t he features of the Whne Mounta ins. For example, 
the White Mounta ins are limestone. a warm-ocean o r sa line-
water rock . There are nearby exposures of basa lt and serpentine, 
otter ocean - bottom roc k . Some of the basalt makes up port ions 
of the Whit e Mountains. Most of these and other rocks in t1e 
area are somewhat metamorphosed {a ltered by the pressure a nd 
heat of being squeezed in t he ea rth s crust). The limestone par· 
tio $ of t he White Mount ains have no "roots;" they are a pod 
on top of o ther rocks a nd are so o iented that the layers ttlt 
stra1qht upward. 

L1mestone is, o f cou rse, ca lcium carbonate. except fo r 
whatever impurit ies are present in th(? rock . This is the key to 
tile character isti cs of limestone landscapes. They literally d•s· 
solve a way. Ac id water reacts w 1th the carbonate. rel easi ng ca r· 
bon dioxide, a nd flows away calc ium rich. Most w ater in the 
L1ppnr layers of soils is made acid from the compounds in humlJG 
ar c1 the resp iration of plant roots. Acid groundwater worl< s 
through joints and fractures in limestone bedrock and pro-
uuces caves such as Mammo th Cave in Kentucky. Strea m s will 
disappear into limestone bedrock joints or gravel, and em erge as 
cold spr ings when they e ncounter an im perv ious layer of rock. 

Depressions in the ground surface t hat represe nt the collapse 
of underground drainage- collect ion areas are ca lled sinks or 
sinkholes. When the drainage of a n entire region is primanly 
underground th rough sinks a nd bedrock joints, t he area is ca ll· 
ed ' 'karst" to pography, from t he Kars reg ion of Yugoslavia. 

Fig(Jre 2. Peaks he.ro in ths northern WhittJ Mountam& 11ro well abo11" 
treeline. 

The weathering of calc um carbonate u ltim ately may leave 
soils ·hat are r~ch in 1ron oxtde and u~ual'v distinctively rusty 
red in color. Very rarely, a natural bridge or arch will rorm. This 
happens when a r iver undercuts bedrock at the pomt of a be nd, 
and then d rops to a relat vely lower level (the lar1d surface may 
rise); it su bsequent erosio n iso lates that block o f undercut ro c k, 
it w ill t hen stand as a natura l arch or bridge. 

These processes and features are very dependent u pon the 
c limate. The w arm er and wetter th e climate, the lo nger the 
active warm seaso n, t l1a more dissolution water avai lable, and 
the faster the reactions. I f a lantiscap~ is glaciotod, then mosl 
features are . in effect, buHdozed over and must btl reforrned 
with ·rme. The Whrtr. Mourltarm h ave not b een glaciat ed, but 
the subarctic cl im ate has certamly slow od clown tho ratE! of 
weathering On shaded, norrh-fac ng slopes underlain with 
permafrost. one might say tl at the d·~so1ut•o r1 r rocess is ''on 
ice." T his, then. is o ne o f -~ e most I teresting aspects of the 
White Mountains - the int erplay o f lilT est one versus subarcl ic , 
landscape- formi ng processes. The fo llowing is a discussion of 
so m e of t hese scientlf ca lly interesting feature$ as they are 
found m the Whne Mountains. 
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Figure 3. Uppf.'r end of a gulch in rl!e ccnrml White M oontsins. 

Cliffs 

F igure 4 shows some typ ical cliffs ·n the cen tral portion of 
the White Mountdins. These are made up of the irregu la r edges 
of layers of limestone standing vertica lly. Shattered rock and 
talus collect on t he uphi ll srde, making a re latively gentle ap· 
proach from that d irection. But the downhill side drops away 
into si eer fa lls . In areas of complex -..helves, ledges, cl iffs, and 
pinnacles, Da ll sheep find exc ellent escape terrain . Although 
they mostly abandon the Wt1 ite Mountains in the summer due 
to lack of f ora9e, they use cl iffs and the a lpinP zone (above tim· 
l er hne l heavily t ot her t imes of the year. Many of the h igher 
lrmdstone crags and pinnacles in cer tain parts of the White 
Mountains are colored b right orange from the growth of a lichen 
which is ferti li zeu by the d roppings of the peregrine f a lcon. The 
peregrines scout t he landscape fo r prey, fi nd easy soaring in 
updrafts, and choose their 11esting srt es in these cliffs. 

Caves 

The mouth of a cave in t he central White Mo untains is 
shown in F igure 5. This cave extends back nearly 66 ft (20m), 
then o pens on a chamber 13 ft (4 m ) high with at least two 
chrmneys. The rock here is cold, as t he tee dam at the mouth o r 
th'l cave in late J une shows. Ribbon ice and ic icles hang down 
from t he ce il ing of the cave for much of 1he summer. Porcu· 
pinlls current ly use the cavo; and predators In the distant past 
mrght have used it too. The cone of rock and so il at t he mouth 
(which impedes drainage of the fluor of the cave, also contrib-
uting to the ice dam) may contain bones and other remains of 
pr v consumed by these predators d uring the ice age. Such sit es 
have been excavated to give a picture of life in the Alaskan 
inte rior in the past. Another nearby cave along a major stream 
could have been occupied by early huMans. 

Disappearing Streams and Emergent Cold Springs 

There are several good examples of streams d isappearing in· 
to thr: ground in the White Mounta ins. Along the base of the 
mountain, m any rct her large spr ings po p our of the ground, as 
can bll seen in F igurr. 6. At these sprrngs, the m inera l-r ich 
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Figure 4. N orth · facmg limestone cliffs in the White Mountains. 

waters and the m icroenv onment o r high humidity encourages 
t he growth of a lux uria 1tly green m at of mosses, leafy liver-
worts, and, in t he emerge t stream, g een algae 

The White Mountams receive c. higher 1necipitat1on t han 
do the surround rng lowland portions of the Interior. On most 
summ er afternoons, a bank ol cumulu$ cloud• bu•lds over the 
uplands, quite often producinq a bnef shower. In ~prte oi t h is, 
m uch of the t lrnl.l the maJor stream dramlng the While Mo un· 
ta ins, Fossil Creek , d isapp!!ar~ Into the ground so no surface 
water drains Lbe entire rea. 

FiguiYJ 5. Car~e mouriJ i11 tho central Wlme Mountain& with ice dam in 
lilte June. 



Figur~ 6. Large emergen t cold spring linfid w•rf• m osses and liverwort 
;md ~rf'en alg,1e 1n sueam in the northern White MniJn tains. 

F i(Jurfl8. A natura l arch or bridge in the Whits Mountains. 

F r!iiJrtl 10. At the summit of a limest onE ridge, a 20-m vegeta tion trsn 
seer 

Frgurf' 7. Red clay sollltr~p on stiHlp tdlrJs slopt!. 

Flgvre 9. Sharp transition berwt!en /im'l$tone (left) •nd l»sillt (rigllt) . 
b edrock. 

Figure 1 1. Srone sort ing b y f rost acorJn in limB$ tone at ht[Jh •f~11tions in 
the WhiU! Mountains. 
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Red Soi l 

One of the most puzzling featu res t o be found in th e White 
Mountl:l ins are the str ipes of red soif tha t cross the surface o f 
so rnP ai its slo pes. F1gure 7 shows o ne of these. Thr. conven-
l tonal explar1atio n for the or igin of reu so fl in Cl lim esto ne region 
doe$ not seem to a pp ly h ere. Aside from th e fact l.hat the 
weathering rate is a nd has been very low fo r so me tim(' in i h e 
a re.a , the slopes have apparent ly been rn o unst able to pe rm it 
the long per iods o f weat hering nec85s.ary to p roduce large 
am ounts. o f iron oxide. Tho exposure Is not positioned as a 
r r.os.idua l so il would be. The. ~tripes are som ewhat discrete and 
linear. Perhaps they are the result of thermal alterat ion when 
vems. o f m o lten m agma were in jected in to the mck. Veins o f 
quartz do in trlJde in to the Ta lovana I imestonl!. Tho m ag ma itself 
may have been the sou rce of t he iro n- r ich c lay . Th e sol u t io n of 
rh i> myste.ry aw<J[ts; fu n her research. 

Natura I Arches 

There are several part ly developed natu ra l arches o r b ridges 
In vhe White Moun•al ns. A few are QU tte w e ll d eve loped, as can 
be s-een in Figure 8. It would be intBrest•ng to determ ine 
whether the life of a li mestone arch !s lt) nge r or shor·te r in In-
t erior A laska tha n elsewhere . Frost actio n fractures roc k; on the 
sur tace o t an arch, weakening it. Water and, especially, patches 
o1 soil on an arc h contribute to its dissolution. But, o ther 
t h ings being equal, arches in the cool, r ela t ive ly drv t:: nv iron-
m~nt of ' nter ior Alaska may last for .a long time. 

Contrasting Plant Communities 

Figure 9 shows the abrupt t ra nsition of vegetation at th e 
co ntact zone between basa l t and lim~stone in the area. Such 
sharp brea ks 111 bedroc k rype allow a look at how rock type con-
uols p lant -cof1'1m unity develo pment in situatio n$ where other 
factor~ of the environm ent are the sa m e. Here it can be seen 
t hat the conlrast i ~ quite startling. There is a d ense forest 
gradlng int o al p ine parkla nd a nd tu ndra on the IJasa ll, bu t o n 
the ltmestone thP.r e a re o nly patches of a lp ine pla nts. Part o f 
t he- diffe rence is th e stabi lity of the fa11d $Urfaces. The li m esto ne 
bere is fractur ing and rumbling down the h ill in contrast l o the 
basalt, wh1ch is mu ch more stable. Ta ble 1 compares two 
v~era11on tra nsects taken on stable summ its at a ~ imilar eleva -
tio n~ on these twa rock surfaces. The t ra nsects we re made up of-
20 f)IOLs of .7 x 1.6 ft (.2 x .5 m) tak e-n each 3. 3 ft (1 m) on 
alternaLe sid e s of a 65.6-ft (20·m) l in~ ru nning paral le l to the 
r idge sum m it . The limestone summit tr ansect can be seen in 
Figure 10. 

As can be seen in Figure 10 and Table 1, t here was a con-
siderab le amount of bare rock surface in t he limestone transect. 

Table 1 . Ch aracteristics of White MClunta in Vegetation 1 ransects 
on l imestone and Basalt R idge Summits. 

Li m estone -------------------------------A~erage <Jmount o f ba re rock surface 
Total numbe r of species (exc lud ing mos.s) 
Number of lichen species in p lots 
Avemge t otal moss cover 
Average cover of Dryas octopetala 
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27 .1 % 
28 

9 
3,6% 

30.8% 

Basalt 
2.8% 

39 
16 
8.5% 

57.3% 

T h ll' basa lt transect, by contra!;.t, had l~s t ha n 3% l1are rock sur · 
face. It a lso had more speeies, especia lly lichens, and more moss 
cover . The m ajor dominant plant on both. iurnmits was Dryas 
octopeta/a L., but i1 s average cover was r1early tw ice as great 
on the basal t tra nsect. 

Des.p ite a very great s1mil.arlty 111 flora, t hare were pla nts 
t hat occu rred in o n!! t ra nsect hut not in the othflr . The gra sses 
Festuca brachyphyii<J Schul t . anr:l I he swcet -t<"lsting Heirochloe 
alpina (SW.) Ro em. and Schult. , and two lichens, Allectoria 
ochro/euca (Hoffm .) M!ls.s . ami Sphserophorous alobosus 
(Hu d~.] Vain., occurred r~n the- basalt hut not on the limes1o no. 
While a few ind iv idua ls of these specie~ might be found on 
limestone, they wou ld be m l.lch lower in prominence than on 
basa lt. 

Gjaerevoll ( 1958, 1 963, 1 967) and Per~son and Gjaerevo ll 
(1957) reported o n th e f lora o f the White Mou nta in s paying pa ~· 

t ic LJ iar attentton to limestone . Many ~pedl!~; they encountered 
were favored by, more prcm1nent on, o r nearl v restrlcted to 
limesto ne h.ablta ts . These m c luded mos:s-es and f lowering plants 
of all k inds. The f lora is panic ula.r ly rich because p lants w ith 
different partern~ of overall dlrtr 1but1on mingle here. T hese In 
elud e : (1) c;ircu!llpo lar species; (2l North American bo rea l, 
montane, and alpifle species; (31 w~tern -American spec ies 
reac hing north from t he Rocky Mountains ; (4} sp~ci l!s remict.ed 
to nort hwesT North America; (5 ) $pecu!s ac ro :>li the form er 
Bering land b ri dge ; a nd (6) Asiatic spec ies reaching Alaska . In 

the 1982. summer RNA ex pedition reported here, the m o s-s. 
Andreaeobryum macrosparum w us co llected. Thh mo ss was. 
though t to be restri cted to t he Arctlt in northwest No rth Ame~­

ica and is: nea rly a lwa ys found on wet limestone. This i~; theiint 
collect ion outs id a th e Brooks Range in A lask a. 

THE SUBARCTIC ENVIRONMENT 

Despite th e prese nce of all the: hm e~to n e land~p~ f eatu res 
discussed here, the White MountaTn~ are in 11 subarcl.ic setting. 
Perm afrost effects on vegetation patterns. are ealiil y seen. Figure 
11 s.hows the effec t of frost so rting o n lim estone rubble . This 
sorti~g b y siz e is a classic cold - landscape feature. 

The cold a nd rel&tive dtyness of t he c limate have prodlJced 
limestone fea tu res that are noL welt developed. The caves ara 
rel ative ly small, fo r example. There a r& only a few smal l and 
cry pt ic s inkhol e - like depress ions in the ent im area. 

Sti ll, strolli ng a nd cl imbing around the dry gu lches and 
gleam ing w h ite rocks, it's easy for th ti' m ind to waodi3r and 
forget the m iles and m iles a nd miiL!'S ot woov black · spruce 
woodland and tundra on& cro~sed to gel there. D 
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Valuing Outdoor Recreational 
Opportunities 

By 

Will ia m G. Workman 

INTRODUCT ION 

A fundamental policy issu e in Alaska, as m other western 
stales where n siqn•ficant proportion of natural resource wea lt h 
15 h e ld in t he pub lic sector. concerns the designat ion of publicly 
ownoo resources fo r various uses. To th e extent that well -func-
tioning markets exist for commodities and services t hat may be 
produced from th is resource base. the resolu tion of use confl icts 
may be aided b y an appeal to the information that such markets 
provide regard ing re lat ive pr ices and costs. Examples of indus-
tnes o r commod 1ty groups that fall in th is ca tegory are agr icul-
tu re, forest products, nnd mineral resources including gas and 
o il 

In other cases, however, the ovaluatlo11 o f trade-offs 
among resource uses is complica led b y the absence of usefu l 
m arket signals t n guide these efforts. Outdoor recreation as n 
general catego ry of resource use In WP.stern states is an impor-
tant case fo r which economic va lues based on market transac-
trons a re large ly lecking. 

To many Alaskans, one o f the greatest advantages of resid-
ir1q '" the state is t he opportunity to engage in outdoor recre· 
ational pursuits tha t our environmental setting affords. For this 
set o f residents. public-policy decisions impacting t he allocation 
of land and water resources and the associated wildlife and 
fisheroes stocks among competi ng uses are of obvious interest 
a nd concern. To others in the state w ho may be ind ifferent re-
gard '19 the environmenta l a menities present. these same policy 
issues rematn important since t he publtc support of recreational 
activit ies competes with altor native uses of resources in which 
Lhese ind ivid uals may have an interest . Thus, the problem of 
valulnq pub I ic recreat ional opportunities deserves careful 
co nsrderation as t he sta te proceeds with its efforts to designate 
uses of its resources and w ith the allocation of its revenues to 
vario us purposes. 

Th e intent of t his article is to provid e an overview of some 
o f the conceptual iss ues and procedures involved in the va lua-
tion o f no nmarket recreational services. We hegin w it h a pre-
sentation of the concept of benefits associated with the exis-
tence of outdoor recrea tional opportun it ies. Next i~ a brief 
revrew of the state-of-the-art methods of p lacing a va lue on 
lheose benefits. Finally, the role of tho Agricultural Exper i-
merll Station in undertak ing researcr in this important area is 
summarized. 

• AuoellJte Professor, Econo mics. Agri cultural Experoment Station, 
frnrb.nks. 
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BENEFITS OF OUTDOOR RECREATION OPPORTUNITIES 

One ro le or the economist in r~olvi ng contli cts in using 
natura l resources is t o apply the tech niques of benef tt-cost 
analy~i s to prov1d!! estimates of the magnitude and distribut io n 
ot gains and/or losses that can be associa ted wt th proposed 
changes in pattl!rns of resou rce use A standard evaluat ive 
prcx:edure fo r a lloca uve efficiency in publ ic e xpend iture/policy 
analysis Invo lves J "wtt h·versus -without" project or program 
t est. (SeP., fo r example, Haveman and Weisbrod , 1975.1 Th•s 
simply m eans that ancm pts are made to assess the public' s nat 
benef its from rhe use of its resources both wit h and w ithou t the 
change(s) under consideration_ The conce ptual framewo rk that 
und ar lies the definition and mea~urement of net bene ft ts in th is 
as~ossment is the I"Conomic theory of consumer choice . 

To illus tra te th is fram ework, consider the situat io n •n 
whiCh both recrea tionists and mtning l)ntities h3ve an interest in 
th ~ u se of a clearw[)Wr stream . For sunplic1t y, we wil l assu me 
that the mming and recreat ional uses of the stream a1 e mutually 
exclusive so th <il even the smallest amount o f m inltl!J ac tivii V 
eliminates the a ttractiven ess of the stream as a recrea t ional se1 
ting. Suppose the goal o f public offic ials is to dedicate Lhe 
stream to its " highest use," that 1s, the use that r esu lts in the 
greatest amount of net benefits. As. fa r as the p rivate min ing 
e nterprises are concerned , t he relevant m easure of nl't benefi ts is 
rt~vnnues less cos-ts or econom ic profil s. These net returns a r~ a 
private ga n a nd reflect the m aximum amount tha t lne min ing 
ent1t1es wou ld be w tllmg to pay ror the right to opera te on the 
shea, .1 

To assess the net social benefits from min ing activ'tiM, 
however, we should inc lude in the costs o l rn inmg the resu lting 
reduct io n ·n net b enefi ts to recreal.ionists . This bring5 us to the 
issut' ol how to define and value t hese recrea iona l benefi1S. 
Unl ke the comm ercial mining entem rise, the fi ~h i ng , boat inl) , 
o r other recreationa l users of t he st1 eam are not mvo ved in the 
production of marketable services that are sold to someo ne e lse. 
Ai.l lher, these recrea~ io nists are, themselves, t he fi nal consum ers 
o f the recreation opportunities avai lable at the stream. Thus, the 
appropriate concept of net benefits t o t his user grou p is the loss 
it wou ld suffer if the opportunity for recreat ing on the stream 
were removed . Alternatively , we m ioh1 sa y !hat the net recrea -
tion benef its are reflected by how much better off this user 
group is w th t h 1~ oppor t un ity t han wit hout. In either case, th a 
max1mum w il lingness to pay on 'he par t oi the recreation ists o 
rE>tain these opporTuniti es may be vi~wed as t he conceptually 
cor rect m easu re of the net private recreation benef it s. 2 Aga 1n, 
to. C<l ptu re the net social benef its ~rom dedicatiny the stream to 
recreation, one ~hould deduct fro m t he recreationist's pr iva te 
benefits t he foregone net revenues fro m m ining. 

11n li n &>ri lltJte set lu r o f t he economy, whr. re u rivatc property righ ts are 
estab •Sh eet lor rewurces, t he user group w ith the potent ia l for earn.ng 
th greatest ne:t retu rns, anc:l rnus, ha .. •ing the gre~test w i llngncss lo 
poy fo USP. of the resource, w ill acq utre l'!e property ro(lhts througll 
volunl~ry excha ng _ 

2 An h e rnat ive concept uf nE't benefits might be the recreat >On ists' m in i-
mum w ill no ness to accept compensation to re linquish the 1 ight to en-
lOY these o pportuntlu!s . Under w ecif ic cir.:umstances the two measu rP.s 
.ll w illi ngness to r ay and w hnqness 10 accept compensation, are ex­
pec rild to be !')Qua l. This 1s current ly an ares of cont roversy >n the publ c-
chorce literature, partic ular ly n the valun tio n o1" natural reso urces (sOli 
Gordo n a nd Knetsdl , 1979) . 
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I~ Is impor tant here to no te l hat the recreationist s' net 
benefits frorn us.ing the stream are not the s.ame as thmr act uaL 
expendi tu res made to avail themselve~ of the opportu nities. 
present. A grea t deal of publ ic confusion seems to exist on th is 
point. Qu ite commonly, total expenditures by tccreatronists on 
eq uipment, tr.anspo rtanon, food, etc. are viewed as the mini-
mum value t hat t hey place on a recreation opportun•ty or site. 
These gross expendltu resJ however , whtle perh3pS refl ecting an 
1mpact on local business sa les, are largely Irrelevant in assessing 
ho w much worse off rhe recreationists would be af the oppor· 
tunit y w ere to be withdrawn . The measurement of the ne l ben· 
efit cap tures the difference between the maximum am o unt 
recreationist wo uld pay to participate m these recreatio nal 
act iv ities a nd t he ir actual expenditures. Defined in this manner, 
we see t hat 11et benefits and expenditures may be inversely 
re lated. 

MEn-IODS FOR VALUATION OF 
RECREATION RESOURCES 

In the absence of market lransactions on whjch to base 
the value at recreatio nal resources, how does one esUmBte these 
not benP.fits dtsc~sed above? Presently , there c~re two general 
categories of me thoc.Js of valuation or recreauonal resources be-
Ing Investigat ed and perfected by econo mists workmg In thtli 
area. The first is k nown as the Travel Cost Method {TCM) and is 
associated with the names of Hotellin.g {19491 and Clawson and 
Knetsch (1 966). The second is known as the Contingent Va 'u -
ation Method (CVM) and denves from the s-eminal work of 
Davis (1963). 

Us~ of the TCM o r "indtrect" me1hod begins by observmg 
the rate o f participa tion of certa n popu lat ion qroups m outdoor 
recreatio na l activit ies at a given site and re latmq these participa-
tion rates t o the costs of transporting the reCJ eationists from 
t heir p laces of res idoncfl to the site. ThP. demand curve so e$ti 
ma ted is then used as the emp1dcal basis for computing the net 
willingness to p<~Y o r "consumers' surplus" assoCiated with the 
site . Refinements of the! TCM havr includ£!d the more complotu 
specificatio n of the demand function to induda othRr causal 
facto rs s.uch as incomE! and tlw P.xam ,natcon of lhP. ro le that 
t raYel and part icipation tl m P. p lays In the recrealion st's decisions 
a nd , hence, their net benefi ls. Ward ( 1980) has pro vided an ex-
cellen t review of the TCM I iterarure. 

The CV M is a "d1rect" techntQue for resource valuat ion m 
that 1ts a pproach is to ask recreattonists specific questto ns re-
gardmg the1r wi llingness to pay a nd /o r w1lhngness to accept 
compensat•on if opportunities for participation in outdoor 
recreation activities are altered_ The CVM has be~n the objecl of 
much criti cism due l o thP. hypothr tu:a l nn ture of the c hanges to 
which recreat •anists are aski!(J to espond. Lulie work has been 
done unt il q u1te m cently to test for the presenc e o f biases that 
may result from th is meihod ot l"qUiry. Schulz~ et al . {1 98 1). 
however, have recently sum marized the remits of several experi 
ments involvin1J such tests a nd have reported that "biases uo not 
appear to be an overriding problem" with CVM. One of the s1g-

3 Br01/Un, s .ngh, a nd ~liS 11964] prQIItde An el(~llenr d•SCUS!il011 3nd 
c rttique ol t he so ·cilllad "Gross Exper>dlturs Method"' of rscreation re-
sourc:e valuation . 



ni fica nt advantages of CVM over TCM is that the form er lends 
1tselt to the valuation not of only recreational benefits assoc iat-
ed wit h natura l resources but of environmental amenities in 
general . Bishop and Heberle in (1979) illustrate the us.e o f 
CVM m the valuat ion of goose-hunt ng opportunities and a lso 
offer empir ical compar isons of val ues estimatecl us ing the two 
methods. 

RESEARCH IN OUTDOOR RECREATrON ECONOMICS 
AT UNIVERSITY OF ALASKA -FAIRBANKS 

The Agricull Ui a t Experiment Statio n a t UAF currently par-
tic:ipules in a Western Regiona I Hat ch ProJP.Ct (W -133) designed 
to advance the Ulchniques of recre<ll ional resource va luatio 11 
(Cooperative Regiona l Project Outline, 1980). The focus of 
the project is o n t he p rocedures adopted by the Federal Water 
R~sources Counci l in 1980 which ir~ clude t he use of both the 
TCM and CVM approaches d iscussed earlier (WRC, 1980) 
Th o gh a cooperotive effort with the Alaska Sea Grant Pro-

gram a nd lhe A aska Department of Fish and Gam , researchers 
at the Agricu ltJJral Experiment Statton 1n Fatrllanks are can 
ducting a study o f the nP.t econom•c value of sa lmon sno11- ftdt-
ing opportun ities on the Russian llnd Kenai Rivers. Results of 
this effo rt will contribute ro I he evaluation of trade off5 among 
sports , commercial , and subsistence uses of the salmon resource 
and w•ll assist the Department of F sh and Game in 1ts allocat iOJB 
d ecisio ns. In addit ion, ~esU its ot this study will a1d ~n the assess-
ment o f the econo m1c •mplicatiol1s of efforts to enhance sa lmon 
stocks. 

Many other opportunties for 1 Asearcll of this type exfst in 
Alaska and future ac t ivities at the ex periment sta11on will •n· 
elude ef f01 ts to value hunt1ng a"'ld other 1 ocreat1ooal pursuits. 
Bot h basic and applled re5earch activities are needed to ass•st 
the state and Federal reso urce agencies 1n their assessment ot 
trade o ffs in the uses of land and watel resources. The expert--
ment station w ill continue its committment to develop an 
alytical methods aod supply the dilta ba~e requirecf for making 
d ecisions for efficient allocations. -

LITERATURE CITED 

Bistmp, R C .. I'd T. A_ haberleln. 1979. Mea~tHU1!! values ol l'xtra 
n arket goods: Are ind irect measures b iased? Amer. Journal of 
Aqricultural E10.onomics 61151 :926-930. 

Brown W. G., A. Singh, lind E. N. Castle. 1964. An Economic Evaluatiott 
ol rhc Oregon S<)lmon and Steelhead Sparr Fishery. Oregon Agricu l· 
n m ; t E xpe 1rnent St:~t io l'l, T.:chnicaJ Bulleti n No. 78. 

Cluwson. M., •nd J. L. '<nersch . 1966. Economics o f Outdoor Recreation. 
B<llurnore : John Hookons Ull·vemty Press far flesou rces for l i1P 
Future . 

Coope.at1vP. Re~ior•ll Project Outltne IW-1 33!. 1980. Outdoor Rccrr. 
;man and tile Public Interest: EvaluattOn of Benefits and Co~ rs m 
Faderal and Swtc Resource Planning. 

Oovls, R. K. 1963. Value nf Ourtloor Rccn:tJ tion: An l!conomk S tudy of 
l/le M<Jine Woods. Unpubl1shen Ph,n. thests, Harvard University 

Gordon, I. M., ond J . L. K11et :r.ch . 1979. Consum,.r's sur~ us measur~ 
and the ~val ua ion o l resou,ces. Land Economics 55(1 )1 -10. 

Have!T>.i!n , R. H., , nd B. A_ W~isbrod. 1975. T he concept c>f benefit' 
In cost -hcnef1t .analyais: W1th emphasis on w:~ter pollut o n control 

ac•1vities. IN: Cost Benefit AniJiysJs and Wawr Pollur•On PoliCY, 
eJ1ted by llunr y M. Pttrlo. n und Eugene P. St sk 1 . The Urb.an 
tnlitltUI&, \'1/a)h ington D . C. 

!-lotll ling, H 1949 LEtter •o dlrOctor N!!WIOn B. on .. Y. June 18, 19<'17 
IN~ Tlut Eco'lomJcs of Public Recrenlon, An Ectmomic S tudy of 
the Monetary Evalutioll of Rr.r:rutJon In rhe NtrrltHtBI Park~- W.1~h 
ingt<ln : Na1 101 31 P.r S!!rvice. 

Schulze, W. 0 ., A. C . dAn~!! tlt'ld D. S. Brco~ shire. 1981 Vnhllr 11 "1'\VI• 

ronmental commodittes· Some 'ecet'l exp1011ml!nts Land Eco-
nomics 5 7(2) 151 - 172. 

11\'Drd, f . A . 1980 . Review of Problem&" «nd Solutions 1n rhe Use o f thll 
Trpvel Cost M ethod lor Valuing RecnJa ciunal Re~oun:es 0C"~rt· 
mont Staff Reporl Nu. 14 . Q()panmt!nt of Ag•lcu tur;. Ecaoomill$ 
and Agricul1ural Susin!ns, Ne-.v Ml)(tco Sto te Univen~~ty. 

Water Resources COlmrll 1980 . Propo~l ru t!S P'<ll'lcipll!s, standards, 
and procedu re$ for pla"'rnng W8181 ;and relatt!d land resourc:l'$. Ff!d· 
efll.l Register, pp 25301·25348. 

January/1983 31 



I nfJ uence of a Complete Ferti I izer on 
Soil pH and Avai lable N0 3-N, P, and K 

Kachemak Silt Loam 

. 
1n 

By 

Winston M. Laughlfn,· Glenn R. Sm1tl1 , ' • and Mary A. PetEtrs .. *" 

INTRODUCTION 

Sm l analy s,es are used to determin~ the nutrient· supplying 
power of a ~o ll. When supp l1etl with adequate n u tr ients. many 
fie ld crops grow well over a fair ly wide range o f so il p H. Op ti· 
m um p H varies am ong crops a!'ld even var ie t ies of crops a n<.l fs 
influenced b y soi l conditions. A low value fo r a particular 
nutrient means plants w ill probably produce les5 than m axim um 
y1eld for the given soil and climat ic cond1tions . I nterpretat 1on of 
avai lable research uata enables one to correct nutnllnt defic ien-
c ies by adding more o f a particu lar nutrient.. Soli analyses a lso 
enable o ne to estimate t ho amounts of vanous nu trients re-
moved fro m a soi l by growing c rops. 

The Kachemak so il series on t he lower Kenai Pen1nsula con· 
sists of da rk -colo red , well drafned soil occurring o n upland s 
w here the topography varies from nearly le~el to steep. These are 
the most extensive so lb in the Canbou Hills north of Homer. 

Kachemak sHt loam is c lass ified as th ixot ropic (becom es 
fluid when ag•tated) over loam y, mixed Typ ic Cryandep~. 
These soils were formed in volcanic as.h rnixed w rth wmd~blown 

s il t fro m recently t!Xposed glacial drift . They h ave an apprecl 
able amount of allo phane (associated Wit h vo lcan ic ash p arent 
material ) which has a p H-dependent action e xchange capar.itv 
as low as 10 meq rer 100 grams of w• l w ith a low p H, and as 
high as 150 m eq per 100 grams of soli at a p H o f B.2. Addit ion-
ally, h1gh ph osphorus fi xation capacit y has been assoc iated wi th 
allophan ic sotls In o the r areas. 

Kachemal< soils fn undisturbed areas are covered by a mat 
of partly decom rosed o rgantc matter, m ostly grass straw, as 
much as 8 Inches t h1ck. As is the case with most soils of the 
Andept subgroup, t hey have an extremely h1g h co ncentration of 
orgamc carbo n in the surface layer. Many of the charact er istics 
descnbcd in t he precedmg paragraph are u niq ul! to th~ Andept 
subgroup and would probably result 1n soil- nut r ient react io ns 
whtch would be significant ly d ifferent from o ther Alaskan soils. 

MATERIA LS AND M ETHODS 

The effect of fel"f ilizer []pplication and C(Op ping a n sml 
reaction and on avaH<~b l e N03- N, P, and K In the p low lay er was 
evaluated from a 7 -yea r 4 x 22 facto ria l exp er1ment estab-

"Rasurch Soil Scientist, ARS, USDA, Palmer. 
• "Labo r1tory Techmcian, Alaska Agricultural Experiment Sutt ion. 

Pa.lm• r. 
• ••Biologlesl Technician, ARS, USDA,P•Imer. 
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hshed on a nauve bhH!IO•nt reedgr'lss (Calamilgrostis car~aclens1s 
IM1chx.J Beauv. l stand on Kachomak sil loam in 1972. Ind i-
vidua l plots were 6 x 15 fee t. The six replications of this expen· 
ment had four N r ate~ (60, 120. 180, and 240 Ill N/ A) as am-
mo nium nitrate, a nd two P and K rates (76 and 152 lb P/A, 83 
and 166 lb K/A) as triple s.uperphosphatl' and sulf1te of potash, 
respectively. In ad d1tioo wore three nonroplicated plot$ With 
the fo llowing t reatments: 0· 152- 166 lb/A, 240-0- 166 lb/A, 
and 240-152-0 lb/A. Each June ihe Yorious fertilizers, were top 
dressed on plots. 

Half of th e N was apphed 111 June and the r~>mainder 1n J uly 
immed iately after th e frrsl fo rage harvest. All P and K was ao 
plied 1n J u ne. A second harvest w-as made each ytJar in Septem-
ber .. 

The nat u ra l bluejom stand was originally very hummocky 
because of large tndiv1duaf grass clumps. The araa was leveled 
several y ears previou$ly wnh a flail type forage chopper t hat 
was run rep eatedly and a.s low as poss ible over t he area. Forage 
in succeeding years was removed abou t every other year, usua lly 
in late J u ly or early AU!JUSt. We know o f no fcrulizef added 
before our expo lmBnl began. 

Before fart ihzer was dPplied each June. soil samples were 
removed h om each p lo t by 2 -tnch incr~;~menTs to a 6-inch dep th. 
In 1973 and '1974, only the so il pH was uetermined. 

From 1975 t o 1979, available. NOi N. P, and K were also 
dP.termmed using a modif ed Morgan' s procedure With sodium 
acetate buffe red at p H 4.8 (Mart in, 19701. The sotl reactton was 
determined w ith a co rnmerc 1al pH meter fr.om suspenstons pre-
pared from rhe n1r-d ned samples ot 1·2 soil to wcrter. 

RESU LTS AND DISCUSSION 

Soli pH 

Figure 1 shows an increase in soil p H In 1973 with the first 
increment of N; rates exceeding 60 lb N/ A had linle affect 
First fe rtilizer applications wmc made in 1972, w hich p ro bahly 
stimulated soil mic ro organism numbers and activity. The rise In 

p H may have resulted from the decompositiOn of organic ac1d$ 
In the so li . Such de-compo~i tion I~ also the log·cal explanat ion for 
the h ighN pH in 1979 when noN was applied. In thP. absence of 
applied N, decomp osit ion of thi3SC o rganic aciJs probably re-
q uired more ~ ime. Figure 1, which combmes all three sam pl ing 
depths, also shows that pH decrearetl Wit h mcreased N ap pfi 
catio n rate<.; in 1975 and 1 879 except little change was appare nt 
when N rat e ex~.:eeded 180 lb/A. 
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F1gure 6 Frf, ~~ of unto1t •um 1/JJ)/te>lf•On in 
r.om bmaflon w ith N and P on ava1l.tble K at 
l hrt:" sotl·s11mp lmg df'pchs '" 7915 and 1979. 

F• u•r: 7. Efl•c• of r..trogsn spphc.lllon .n 
combimllion with P and K on available K at 
thrr..•fl su•/·;i!mpli•>9 dMJrhs in 1975;md 1979. 

So'l pH incre.1sed with e.Jch increl'lse in samprrng depth . par-
trcularly H'l 1979 ( F1gure 2 ). 

N0 1N 

The N0 1 N In the sod tended to be greater in 1970 thn n In 
1975 !Figures 3 and 4) Values were errat ic as rela ted to Nap 
phcat1on rates. Only w1th the highest N rate (240 lo/AI did the 
NOjN d•ffer sigrificantlv from that wt ere noN was appl'ed in 
1975 that difference was an increase m NO; N Probably the 
amou ts ot N applrl!d were bcmg ove~hadowed hy the amo nts 
bemg released from the vast store of organ c TJalerla by n 
ccea~ed stunulat un of ~') -m•ctoorgamST"l n-mbers and activ • 
ties with ferlllt •er " 1phcatron. 

W1th each m• • ''lSC in $ilmplrng depth thrte was an ncr~:.;asto 

intheNO,-N (Fgure4). 

AVililable P 

Each rn~r(;ment oi P mr:reased ava•lable P rn both 1975 and 
1979, though not .Jiways by a statistically significant value (F1g · 
U!t' 51 Thts incrMse was marketfl v greater In the top 2 rnches 
of \Oil which ~hews P is a •t!latively lmmob•le nutr ier.t which 
doe~ not mov . lnr ftom whR• e tt is applied. When 152 lb PIA 
was p~lrr;-d avai a J l ~ P was greater rn 1975 than in 1979. rh•~ 

indlcatl'!d thott illl fne appl!etl P was li!tther i!mo~JX! by he •wo 
annual hur'< ~sts each season, incorporated •rHo thi! bluejoint 
toot$, or convell£!d 111t0 relau~ely msoluble forms. Much lt!SS P 
is ava labia ut the two lower sampl111g depths, and the values 
were hrgher rr1 1979 than in 1975. This, together with tho in 
crea!>e m P at these sampli ng depths wrth iraeas·ng P applrca· 
t•ons, shows a sl iqht downward movement o t applred P, pro· 
bably through root absor ptior, t ans ocari 01 to yreate dnpths, 
and subseqent decompos,tron 

Ava1lable P was concentrated n the Lop 2 inches of so I 1 1 

both vear• to r whrch c.Jata are presented. Only with the highest P 
rilte ( 152 Ill P/ AI ln 1979 wa~ there signiticantlv more a11aililhle 
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P at the 2 · to 4 inch depth than at the 4 to G· mch samplinQ 
dept11. 

Available K 

fhe avallabh• K In the 50 I retlected plant grov.rth and r~­
suham K depletion more than drd the: othef nutrients. Flgurl! 6 
shows .hal each hrghnr K rate inct eased thE avat able K in the 

top 2 inches of so'l in '>oth 1975 a' c11979. When no K was ap· 
pi ed, the available K in the op 2 •nChllS wa~ s• au· 1n 1979 
than m 1975 bu at 83 ,md 166 lb r<. /A. availab ~ K tLrded to 
be hrgh"r m 1975. '"'his hogher K v .. ue r the 0- o 2 tnr.h so I 
I aye m 1979 r y have r c.~u ed from tne relea5e J K from 
organic malter ~~~ promoted by the N 'lnd P appl .. d) anJ move-
m~nt f om the nonexchangeable to exchar geab . forms of K 
d'tu the ~,. e.v1o s Seprcmbor harvest. lr 1975, most 1vail hie 
K at the 4· to 6 -inch depth was 1n the plot receivtnQ no K . Th s 
ma v reflect the very poor grass growth w' thout I< application 
the previol•S year anl.l then the release of " srnce that September 
hat v~t However, b y 1979, ciVadahle I< at this depth had been 
depleted 

Fach rrrcr case in sctmpl ng depth showed a decrease in ava I· 
able K except at the tf!ru K •ate in 197o tF•gun 6) Th1s de· 
crcas!l was mou: pronOu!'lced between the 0- to 2 - and 2 to 4 · 
mch depth ~ than between the 2 · to 4- amJ 4 to 6-rnch depths.. 

Ava1labte K I>Oth VP.BIS w s g nhtallv 1educed by ncreasing 
N rates (F gure 7) . Availallh. K m ~he top ? rnches of soil de-
crease..! significa 1tly w th each nt:reasing N r tl t l!Ouqh 180 il 
N/A and. 1n tht 2 to 4 inch depth, througn 120 lb N/A. Th1s 
dec•Pase in avai lable K wit h increasrng N rates co•responded to 
increased fot<tge yield s (1 .7 to 3.6 T,A oven dry forage pei 
ye:u) as N applrcatron increast~d from 0 to 240 lb/A. Increased 
yrelds removed mora K from the !>O ' I Where N was appher , 
vallc~biP K valu~ in 1919 wP.re lowtlr than hose m 1975. Th1•. 

may mcJ cate 1 hit more K was being tJSed lY thE ,, op 1 hl'ln wa< 
applred Thrs ~h1~rv is IJb~tanliat.-rl by a r~ovtlry in hrJrveste<i 



toraqP. ol 130 and 105 per c.enl of apphed I< or the H3 and 166 
IIJ K /A lr&iltrnenls, •espect ively . When no "'J w ils ap pl ed, ava I· 
aJie K in 1979 wa~ gre.ater than in 1975, ref cctrng the very 
poor bluejoint aro\V' r and lower K ff'rnoval w thou! N, and rn-
dJca•mg that l"leasr of K trom tha soli was noa r ~nio tnan 
grnss uptake. 

A though most of ou1 ~o I$ contain relatively la•gP. amounts 
or e~Va1 lahl~ K as compared to available NOl Nand P, the supply 
is not unlrmite<.l . When h igh ~rass yJCids are obtamed with high 
N rates, im:reasi•1g ntes of K must be used to prevent deplo·ion 
o f K I om the soil. 

SUMMAR Y A ND CONCLUSTONS 

lncreasinn rates o n N applicalions depressed tlu~ soi l pH 
atte· 1973 . Tht' N0 1 N values were e1ratic a> rnlo:lle<l to N ap-­
plicat ion. Ava lahle K ·., the soi! WliS reduced al 1hl hiyher N 
rates, pro bably lhmu~h d~tpletJon lly rncrcased forage produc-
tiOn. 

E<1d1 P ·ncrement ine:reasml <1\lilii<Jble P in the ~oil. pank· 
~,.~larly 1n he lop 2 mcl;es. 

Each K increment mr.reased ava1lable K m the so1l, partJc -
ula ly rn rht1 top 2 inch"s. 

So I pH a ct NO.- N rncreased with each 2 inch mcrement in 
~am ph'1g depth 

Aophed P and K W"J'! conccntJated m the top 2 nches o1 
soli At the highest P rate. Jvaltal.lle P dl!creasoJ wi h cac" 2 
I ncr mer case in sampling dcp;h . 

Thesl' results SUQ9f!SI cor t"nual use of h1gh I'll rates u~l! q 
such fert.hzers as ammon · um nlfl ate m urea may e11cntuaily 
reqwre lime appltcatton to rever.~> 111rrt~i1Smg :ooil .lCidJly or 
most ~rops Na1i11e blu jOin mob .. hly worJid nevt r ro•qurre I m-:: 
<IS •t grows well dl an 1-'XIIemely low pH. 0 

COofJ11rati~• tn viJ£tiganon of ARS, USDA. aod the llgricullur~J/ E)(pP.ro·­
m~rSNriot?. 

liTERATURE CITED 

MRrtn P. F. HJ70 . AI oslnl\g o1Co>1tllo111 E.xp~ri rnern Srot irm "QL!":I<' . KHI 
rests labontorv m• thad• ~nd procedure, . Ala>ka Agric:ultUJa! 

Expenmenl Stlltion MI..,Jel) , 11 po. 

January/1983 35 



The Computer Comes to 
Alaska Farm ing 

By 

Charles E. Logsdo n • 

INTRODUCTION 

The perso nal compute r as making a im pac t o n Alaska's 
farm,..rs jus1 1s on h1s counte rpart in 1he " Lower 48;" cJnd well 
i mag . Alaska's •a mers have a lways stayed at the forefront of 
deve op nn agricul urJI tech nology as mE>a ns of surviva l 1 a 
rap•dly c hanging wor ld, and consequently Alaska 's fa rmers tak e 
a back sedt lo no o ne w hen 1t co mes to p ro duction t ech n iques 
and capab•lit ies. 

Computers are noth ing new. They are wel l ingra ined in om 
Ia to 20th ·ctJntury lifes tyle a nd · nfluence m any p hases o f o ur 
lives. They read he prices o n our gro ce1les nt t h e store; they 
send us a ban k st atement at the end of each month ; they inun· 
dat u~ w1 th end less q uantit ies of jun k mail ; and they help t he 
IRS tr~ck all tho se little bi ts of mcome that we had forgot ten 
abo l a1 report ng t1me. These are t he BIG co rn pu ters, the so· 
calleJ " Ma n Frame" co mputers thaf do minate our lives a nd 
o ver wh1ch wa. havl" no real co n t rol. 

The compute s wh•ch are beginnino to do so much fo r 
today's farmers ilre small, personal co m pute rs that a e user 
friendly and dn handshakiny w 1th p m ters and o ther com· 
putrrs. These are com puterese terms whtch are used to o cscr b e 
a n w lat ionship be ween man and his electron ic emmonment. 
Tht ~ terms ind1cate tha t man no longer netJds to l>e held 
captive by the compute!, but can now meet 1t face to face on a 

• AS40C:JII te Directo r, Re-tired; Pro fessor Emsn tus, Agrlculumll ElCperi· 
mer'lt S tat oon. 
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one t o ·o ne basis When he does, 11 sees that this is not some 
dreaJ ed and insidious enemy but a hiend that can be a great 
help and that wil l wo rk ti relessly m his behalf . 

Just co nfronting 1 , of course, •s not feallv quite enough, 
bu t It is a major ~tcp. rhe co mpute is no tongct the fnghten· 
mg, bli king m o nster t L~cd <o be, rh1 ir ve ton of t he "ch•p" 
ha~ allowed mln taturizatton of systems to the point r 'lat on~ 
can now have, in a smaH .vpewr tcr • zc urt , computing power 
that useu to reqUire a very lurgo, a -condlt•oned roon Size has 
been reduced from the very JarQe to produce what a '" st ill 
known as m mico mputers. These are 5111 larger tha11 he mic ro-
computers now being referred to more ~nd more as perso nal 
com puters. 

The t ransit ion in size has l>een accompanied by a transitio n 
in use. T he large, m amframe computors ond, even most o f Lhe 
mtn icomp u ters, are in that sacred domain of the data- process 
109 d epartments of large ba ks, co rpo ratiOns. and governmen t 
agencies. Th ese t end to get larger 'lnd larger, and tewer and 
fewer people under\ta nd what they artl all about They lend 
themselves o nly to centralized data pro ce--.sing o r to use as dat<J 
banks. The m icroco mputers, whic.h now hciVI! th'! proces~ing 
power of former minicomput ers, are now o ften called personal 
co mputers, because they are available for use by almost anyonP. 
w ith st o ed or canned programs even if he doesn't k now one 
co mpu ter languago from another User friendly o rograms are 
those that w ill ta ke you t h rough a computer pro gram 
step by step and gP.ntly rt!mtnd vou when you mak~ an error. 

A1 leas· two farms in tho Miltanuska Valley in Alaska h ave 
acQuired nnd are using m rcrocomputers. These are Mulligan 
Farms and Palm er Prod uce. Polmer Produce no l only produ ces 
vegetab les for t he A laska marke t, bu t also provides brokerage 
serv1ce to o ther tarmers. Mulligan Forms produces a vanety of 
vegetab les and ccrt ii ied gnln anu urass seeds. It is the complex 
ily of their farm o peratrons thai makes microcomputers attract 
ive to them. Pa lmer Prouuce has chosen the Commodore bo 
cause it is a good businP.s.s computer with at least twice tho on 
line storage that •he A pl)ltJ as which is the compu1er chosen by 
Mull igan Farm s. On the other hand, the Apole corporation has 
encou raged Ind ependent programmers 10 develop programs fo r 
rt~eir machines, sc many l"'ore agricuiiUtally o rtr:nt ed program~ 
have been wntten fo t htJ Appl11 than tor the Commodor" Bot h 
the Apple and the Commodore, as w II JS Atari ond Oh•o Scien-
tific , use the 6502 central proct!'Ssmg unit (CPU), bu t thetr pro· 
grams arc not inter cha r geable. 

The largest group of microcomputers a re those using the 
"80" chips such as Z -80, 8080, 8088, 8086, etc. This includes 
Radio Shack's TRS-80 se ri es w hich are the largest -selling m icro · 



computers ·n me U11" ted St at es. Allot tiles~' mat:hines car run 
undCI t l e co m rJuter p rogram m oni tor (CP/M I operating system 
whirh has oecom~ a standaftl of he industry. TAS S CI may run 
undEr the TRS drsk operating system ~I RSDOS l TI1e largest 
borly ot agricul ural software, as wt.ll itS o ther m crocomputC' 
software, has been writter1 10 run ur uer CP/M . The Apple and 
mmr. of the o thl'r 6502 com pulers c<m be nm un~J er CP/M. For 
rnst-nce, th is art icle rs be r1g wnllen on an Apple II + w ith a 
Microsoft card lrorn Mruosoft Conill.Jmt-r p rod11c t.:; wh1ch 
contams a Z 80 (trademark of Z loq, Inc. ) CPU and oporates 
undAr the CP/M (trademark o f o ·gital Research, Inc.) system 

The Cooperative Extension Serv1ce has ilCquired Apple 
C{)mputers for its district offices, offering the poss ib lity that 
somerrme 111 the future , farmers will be ab le to access the exten 
'iron service d rectly t or some krmls of information rather t han 
h tvlng to make a rip to toWir or call t he agem. Thi~ i< not pos-
S•l>le yel, although t he same tire same kind o t sy!:tem i~ in u~e m 
011 er fa m ng arr.as . 

The D111iston of Agr culture has in!>tallctl computer lerm• 
nals, but js apparently using them to nccess the University ot 
Alaska's large computer or1 a ttme sharing l.lasis. The dtv ision 
has inst~lled <I microcomputer at t'le Plant Materia s Center 
which runs under CP/M. It is not accessibht trom OLttside the 
center, bu t wrll havB its impact on agriculiure 1rough more 
effcient operat•o ns of t hat mstttutlon. T lte ~me can be ~a id 
ot th! compute r termmals ll't!>t alled at the Palmar Expenment 
Stat run ancl of the computet syst em at the Mar- S1J Community 
G.Jllege. 

Farrners n Delta J unct on are look 1ng rn~o rhtJ use of 
m eros o n the fa rm, bu t they may watt to mvest un 11 better 
communicat ions allow them to expa"'d thetr use to access Jat 1 
bases. 

WHAT CAN A PERSONAL COMPUTER DO FOR M E? 

l his is a very serious question that every farm er should ask 
hims~o~li Llefo re he invests in a computer, because computers are 
exPe •s•ve. T here are some things he noeds to understand abou• 
tl1!! computer 10 ml(l with . F rst o f all , 11 is not just an AlaboratQ 
calr;ulator, <Jitho ugh i I w rll do even very complex calculations 
more rapidly 'han seem s p ossible Second, It wil l not do every 
thrng you would lik •t to do. And third , rt wrll d o things for 
you t .lat you d id not anticipate, so you w1ll f1nd m ore and morr 
plac~ wher·~ it c:1n be of assistance . A~;sistanc~ is emph1.1sized b · 
cause the computer rs no1 a thinking machine .1nd can t.lo noth· 
ing unless you te I it w h C:It to d o. 

Wi t I, that a~ a b riet int.roouction lo this fascina ting world of 
corr pulers, let's look at some of the thlllQS a perso na l compu ter 
will do for a farmer : 

1 . I wi ll keep b ooks and do accounting. You havo t o keep 
tletatlecl records of your operation anywnv, and m ost account 
ing PI ogrnms fo the computer provrde bookkeep rng systems 
anel r ct!rta1n tlrsciplinP. m matntaining those books. Although 
yuu may still want to use an au:ount.an1 to l>e sur~ o f new 
changes rn tax IJws or m advistng yoLr o n depreciation, nte ., 
many software accountlnq programs are qu1te good, a11d Jllow 
you to prirtt out yoU! ovm balance sheets, Income antl e xpe nse 
reports, a m.l other records at any time you want them . These 
reports can be or help in mal< ing decisions about pl~ntirtrrs. 

pUtchases, timing of sales, ami can be va luable to take to the 
ban · when you want t o borrow money. 

/ . It will rmist w1th pi 1nln9 and budgnting In ways ;hat 
will almost make the p o cess a olea~ure . 1 "'ert: are now rro-
grams lor most, if not all, persona comrluters cdlled <>lcctronic 
spreadsheets . One o f the mn~t popular of tht?Se is Vtsicak , a 
pmduct of Visrcorp. The$e programs :JIIov,• you to list your 
mfotmal on in either words or numbers in columns and rows. 
ArlY column or ~ow can he related ro <Jny o ther columns or wws 
by wiHllever appropr o1te lorwula you d~irl!. A motor <Hivantcge 
of !his sy srnm •S th.H fr allows yo...t to d5k "what rf" < -..est ons 
after you hove f 1llef.i in the blonks If yo~. change 1ny rrum!Jer on 
the sheet, hi! program Wi ll a tomatically recalculrue t:Yery otlror 
number on the sh!Mlt th. 1 was altered bv the ch 11ge you mHo· 
duced. For instance, you tmght wal'lt to cl1anye your projec tetJ 
budget to see what the effect rnighl be or on flLltll ional hair [] 
per cem in intt:.r~st on a."' opeta1ing loa'"' Tho1 effect would be 
automatir.a ly calculated lh oughout to show what ch<H'l!!eS 
would occur ar1ywhere else in your buuf]et. Or, you lt•ight a~k 
what the affect woulcl br. or1 your projecrnd income t you got 
10 hu~he ls per acre mo I! rhan you had rmEJlnally expecwd. 

3. There arc ar.y nurnlter of "data ·basr. management" 
plans that w iil allow you .o Keep a ~ariety of records and recall 
and orqanize those record. almost ·nstantaneously . Rt.cords on 
eqw iprnent, including repair and mamrenance can proV1de a 
means of sctr edulirrg rout ine mBinn•nance. Records of crop V" 
iettf's, ytdds, prices, sales, etc cnn he retrieved to provicte your 
own ll:~cords of bost Of'rf or manc.e In terms of tloklafs, bushel~. 
sales schedules, or any other way rn whrch you wrs.h to organr7.e 
tho In fo r matior you need I o make your decrsrons. You wrll 
probanly use th~> samr> ~rograrn m maunain 1 ecipes and Chrt5t 
mas marl ing lt~ts as wei as riM;Ort.h of brr day~ annwersar "S. 
etc. Them are p o!)rams w11rch will OII:Jill1rle stor11d datd and pre-
sent it in graph form for better umlerstandin~. 

4 More than l kely, you may wish 1o add a lelephone 
modem to your system whrch will allow you to connccl you1 
computer to other computers by r•. ~Ppl1onP. . The term "modem" 
stands fo r modulate -demodulate which desr.ribes the proem s by 
wh"~:h the lrtStrument converts d grtal computer output to t~ll!'· 

phone a na log transmissiOn and !herr hack to digital language ;1 t 
the othar end . Telecommunication such as this has many atlvan-
t.ages ru tne farmer, E!SJ'ec ially in acquiring l p o-the mrnute 
wformat10n. For Instance, a phorHl call lo Tymnet or Talenct 
H1 Anchorage can connccr you to 1 li.irge data bank n Mcl ean, 
Vrrginia, known as the SourcE'. wh <11 has Lllc late\ I CQr unodi y · 
markflt prices . Those pnces arc update~ on a 1 S·rnlnu te ba.or5 
dunng the trading day or he Chi(~ago market. Camf.)IIServe 
is another data base rn Col mbus, Ohio, al~o wtt 1 commoo•tv-
market news. Both ha·1e a grunt deal ot JthiH' k i rtds of informa· 
tior as well. Probably thn largest culloction or data, .. 11hough 
not necessarily as useful to farmers as market niormatron, can 
be fotmd by ca lling Oralog, a very large data · bas~> system man-
tarrr r::d by Lockheed Corporallon at Pato Alto , California . Each 
of the llata bases mentioned a1e access1ble through a phone call 
to Anchorage. Another use would be to connect to Agnet , 
a tarm computer network based In Noi.Jraska. liut connec t ng 
ilt leasl t.h1rty s.tates (nnt ptese~ tly co nnecting Alaskil, but hy 
the time thrs ilrtic le is PLILlllshed, thn Drvi~ion of Agriculture Wjll 
have access to Agnet. Call them for more informatton or watr.h 
their weekly Market News 1. A!)llet has over 200 programs 
specifically des1g11P.d lor 'a muse. 
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ProgrJfT'~ are avai ab le for use with the IT'ouem to convert 
your PPrso nal computer to a telerypo system f you rntend to 
e xp. nd you ':lusitH ss to na ional or ·n er nat~onal ~iz • On a 
smal er lf'vel. the computer tan be used 101 electroric marl 
through Source o Compuserve, and n systt>m could be devol · 
oped using the Univers 'ty of Alaska computer . he De1Jar trnenr 
ot Natural Aesour cos co mputer, or posstbly ~orne other local 
sysrem. Wtlh lhe 1for m er ttoned acqr11sitro n rd compc.tters hy 
the Cooperatrve E><tension Service, h eater a nll mote rap rd accils~ 
to mformil t'o n may l>e provrdet.l when u s system is C0m1Jiete 
anti Instal ·!d . 

5. f>msonal computers can also be u~ed to monitor and con· 
rrol temperatu res, humtdrty, security systems. tc. Although not 
every farmer wou d have a need for this use. tt shou d be con· 
srdcred in a farm operation. It could be just w,_,at you have been 
l oo~r g for. 

There are 11' n 1 ~peciol farm prograiT's ava lah e. h ut the 
ones l1 ~J o u :J dppt:ar baste to any tarm1~ op!!ratton Th" 
u \I IU rty 0 1 rIa Ia's Ex t\ ~ l)n S<lrvrce c cular 531 of Ma ch 
1982 l•st~ auout 1500 farm and hom~ computl!r p o gr,rms 
a•1a1 ab P fo r extens•O~' use. Some Jre also avat'aule t o tl--'! publi•: 
for ~ rrccs rangmg , rom supp y ng a disc for copyrng free of 
charge to $100. Of lht::~e 1500 programs. 71 atP. wr men fo he 
Apple II t, 34 for the Commodore Pe t, and 152 for the T RS 8 0 
I I, t'w m ost popular personal compute•s in use by farmess. 

Almost a nyone w ill want a word processing program if h is 
bustncss includes a lot of correspondence, bur 1t ts n o l n eces· 
sa11ly 'itlal 10 fnrtotng <•S SltCh. Pt~ nHIIS a rc uacorntog a vatlobln 
whtch have their own keyboard and can <Jet as eiectrontt type· 
wrtt(lr• as well as co mputor printers. II mlgl11 be well to look 
into tht s sor t ol Lhtrt{l, b ecause letter ·lJllillity rri' t!'rs c, n be as 
exp~n ,,.e al> the re~t o f the system . 

WHAT TO BUY? 

Acqu·,·ng a computer system for personal anc.J farm busi· 
ness use is a seve a -step process. no one of whtch should be 
neq ect~?d , and whrch should bf' perfo, 'Tied m the tollowmg 
sequ• nee: 
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1. Determme w hat you want a computer to do for you. I 
ynu tlo n't know what a computAr wtll do, thcr{' a•e a number 
of popular milgazines that will g•ve you tdt:!as. or the Coopera 
rive Extension Service might be wlll'ng to hel~1 you w ath •ntor· 
mation. Maybe y ou do not yet need one. 

2. Look lot ~oftw. re progrnms that will do 'he 1obs you 
h ve tleci{Je<J are lnlf)Ortant to you. The Coopctat ve Extension 
Service or the A!JtiCUII~II.I Experii'Oilnt Statton may be able to 
appme you o f dVailable agricllltural software. -p,ere are also 
a number of commerc•al sources such as Successful Farmin~ 
Magazine's "Computer News" at 1716 Lows1, Des Mot11es. 
lA 50336 and "Agpro Source Books" vatiJhle from Agpro 
Mrcro S '(stems. Box 64539, lubl>ock TX 79464 . Two othe, 
commercial so urcrs of nformatlon on farm computer pmgram~ 
would be AgriComp mllfaz., 1001 East Walnut Columbia, 
MO 6520 I and Agr~cultur, I C ltnputing, a newslett~ published 
by Doane-Wcstern, 8900 Me •c:: ester Road , St Louis, MO 
63144. You may frnd some at IOt..JI computer tltJalers. Have 
uea ers demonst rate the11 $O{tware l)dore you buy . There are 

more and more dealers di'K.I more and more programs to do the 
th'ngs you want done, and a wrde prtce range. 

3. A fter you find lhe ~oJrw<Jte lhot wlll llo the things y ou 
wam dono in a way y ou feel comfot tab!~ doing 111~ m, tnen finJ 
a com pLJter svstl'm rhot will use 1hat soflwarr A system consists 
of m uch more than the complltt'r. In <t<.ll.httnn to the c!l'ntral 
pwcesstng unn , thr.rc Is usually a keyboard ror data inpu t, a 
monitor o r televi!>iOn scr >~;11, one or mort d1sc dr vcs for storage 
of mfo rm.n,on, and var ous printurs that can he sPiected rnclud-
ing thermal pr nter, dot matr 'X printers, cmd imp<Jcl IJrinters, 
and disc~ containing va,.ous prcgrnms. 

In spite of th" fantastic st des that have been made so far. 
the computf"r is still ·n its infancy. lmorovernents are being 
mod'! Pvery day . Anythrng vou buy today wdl probably be 
obsolete to morrow, b rt don't worry about chat; just look tor .a 
~ystem that con be upgraded and expanded eas ly because you 
w rll l ind uses for t that you have not anttcipated. D 



Changes tn Weed-Species 
Assemblage with Increasin g Fiel d Age 

By 

Jettery S. Conn • and J ohn A. DeLapp~ • 

Dr . C url s De~rbotn (1959 ) J'lUUitslted 1hc lit ;t 1cc ount of 
the Ala~k an agr tcultural weed flo ra . Mentioned w~re some t hirty· 
~ev!tn weeds aftr.cti pg Alask<m agriculture. Most of {he specie-s 
hstctl arn not tnd ge nous ro Aiaska (Hult~n , 1968 ) ancl must 
havt: been imported accidently. 

In t he su mmer of 198 1, we survaye<.l t he ·,\•eed vegr:tation ·n 
agrrcullural fields of southcentral anJ mter ior Alaska in order to 
dett. mine the cur ent agrrcultural weed flora and to discern 
poss ble relatiomhips oetween env·ronmental var ables and 
weed species assem blage. Such dau m ght a lso be used ro 
d.t mone whether new ~conom rcally im portant weed species 
had U,.coma estilblr$hed in Ala~k n ~ince Dedtl>orn's st •dv 
was pJblrshPd. 

METHODS 

Weecls were q uantita t rvelv sampl!!d during til e su m m er of 
1981 in 84 agt icultural ti e lds s&lecred ro be mpresen tativ~t of 
typical c ro ps a nd growmg conu itio rl s to he found in Alaska. In 
iouthcent ral Alaska, thirty -tour fietds w ere sampled !n the 
Milrtmuska Valley. In the ntenor, forty-one fields in the 
Deltl Clearwater are., and nmG t •lids In the Fairbanks- Sa cha 
ar~m were sampleJ. 

The crops SJJmpled included potaloe~ . ha ley, wheat, oats, 
broccoli s•rawher r ias, rapeseed , and Kentucky o luegrass. At 
r.ach field, fo r each weed species. 1he percentage of cover was 
t~orded rn each o t ten 1 m· quadrats located randomly along a 
transect . Synlhetar. Importance ~·alu s (t he average o f relatiVf' 
cover and r'! lat ive f requenc y I were cam pitted for each spcc1es 111 
P.at;h fie ld . Detr.uldll'tl C9rre-spondence Analy sis I DECORANA) 
(Hill, 1979) a n1ulttvariate stmistrca• procedure , was used tore 
dut:e Jat.a d~mensio naluy . 

Itt ho resulttng ordinat.ons (Whruaker, 1973 ), earh fi11lrl i5 
r~:pr•··~·rHed by a ~mgltJ point, which tnd1cates ts wegetat rondl 
St Iii;; rty to other lt~>lds . Sotl ~amples were abtatned fro m 
tw"n v s~vtln ol the litJids amJ thetr •. hem1ca attnbutes {pH , % 
organic rTMitfJr, Ca, Mg, total N, dVa luble P, ami K) •'llere ana-
lyzed at the Alaska Agricultural Experiment S tation. All o f th& 
fields were classified as to age and a one -way analysis of van 
ar r<l was sed ·o d etermine w hether f ield age was related 
to he locatro n o f fields ctn the on.limtt10n axe~. 

'Rosu~Agroru:rm •st , Agricultural Resea rch Se rvice, USDA , Fairba nks.. 
• 'A9rlcultu~ 11 A l;,umt, Agricu lt u ral E :q;~erlment Station , Un tversttY ol 
Al~ska, Fai rbanlcs. 

A'ESUL TS AND DISCUSSION 

A one wfl y .maly~i5 rlf ~·arianr::& !ihowed rhat the locotion or 
fields on tht! DECO RANA x a)(i~ ~ 1 elated to the num!Jer of 
years the field was in cullival•on (p< .0001. 1· O.B3l. In con· 
trast. rnult ' ple re~~u~r.ston analys•s dtd not ·den ily any sorJ 
chemical properties s i!lmtrcantfy rei a ted to the ot tlinat ion x o y 
axis. T1us, weed species assemblage in tho rrelds sampled seems 
to be related more to f1eld age thiln to any other c IV r onmcnral 
factor stud1od. 

Show n rn Finure 1 i a !.hfft In assemblaqe of wf!ed spcCiflS 
trom mostly na t ve spectes n frelds tl1a t nave just b(·en cleared 
to most v introduced species by the ume the He Ids have tleer · n 
cultivation tor only threr to five years. We a:So demon~tr a e 
that Icta l weetl cover !l:on!rri'IIH.'·d hy borh oat ve anu intro-
duced spl!c ies) 1~ rmt1ally low on newly clerlfec.l lan(ls hut rn· 
crerase~ tlrarnaticrr lly wl1h rncrca~ing time n cult Vbtron. 

~ 
INTRODUCED 

SPECIE S 

D 
NATIVE 
SPECIES 

0L-~aD~~~~LU~-~~~~~~~~ 
< I I 2 6-20 >20 

YEARS IN CULTIVATION 

F1guu 1 n,,. rl•ht(iom·hlp bt.t.vt~<~n numb..·r "' rt•r•~ "' culri~atlon 1md 
tut11J wP.ed cover llnd rat~/ ~:ovt•r uf tt<flrivP. and ·ntraduced w~t'ds. B.trs 
with rilffNf'Oii f lr: t f>•rs (Iff! $1gnlficantly drfferenr ... r 1hr: .05/evt>/ 
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Table 1. Mean Importance Valu~ 1 of Nat1ve and Introduced Weeds tn Agricultu ral Ftelds of Vanous Ages and Crops. 

lnter iot 
Nume ---- -~Grains--

Sctenufic Common~ 1 vr 1 ·2 yr 3-5 yr > S yr 
----------------------~~----------------~~~~--~ 

-- >20 vr --
NATIVE SPEC IES 

Achillea borealis Bong 
Agropyron p,·wciflorum (Schwem.) Httchc. 
Agrusris sp. 
Astrag'lltiS sp. 
A lm1s cnspa (Ait ) Pursh 
Betula nana L. 
Cal.m1"grostis canadensis (Mtr.hx. ) Nut •. 
Care}( sp . 
Chenopodium capiratum ( L I Aschers. 
Comus canaden~·is l. 
Corydalis au rea Wi I d 
Corydalis sempervirons (l.) Pef~. 
Drachocephalum parvl/lorum NUll. 
EpilobiiJm angustifolium l 
EqUJ<iefllm ar1ensc L 
Golium bore.~te L 
Ledum groenlandicum Oeder 
L innae" bor p,a/is L. 
Lupmus arrticus S. Wats 
Luruli1 so . 
Mercensra paniculatil (Att.) G. Don 
Moehringia lateriflora (L.) f-en71 
Ox tropis sp. 
Petasites frigidus ( L.l Franch. 
Polemonium ocurifforum Wdld. 
Populus sp p. 
PotenCIIIa norvegica L. 
Rosu acicularis Lindl. 
Sr~llx ~pp. 

Senec1o congestus IR. Br .) DC. 
Stellaria laeta Richards 
VBCcmwm uhginosum L. 
Vacr:;nium viris idfled L 

INT RODUCED SPECIES 
Agropyron repens IL.) Beauv. 
Alopecurus p ratensis L. 
Averm tarua L. 
Copsel/11 bursa-pastoris ( L.) Medic. 
Chenopodium album L. 
Descurainia sophia ( L ) Webb. 
Galeopsis retr.~hit L. 
Hordeum fiJbatllm L 
MatfiCBfla matricarioides I Less. ) Porter 
Plantago major l. 
PotJ amwa L. 
Polygonum aviculare L. 
Polyqonum convul11ulus L 
Polyqonum pensylvonicum L. 
Rorippa islimdica (Oedor) Borbas 
Senec1o vulgaris 
Spergula arvensis L 
Stellari, mt-Jdia (L.) Cyr Ito 
Taraxacum o fficmale Wc1·er 
Th/aspi arvense L. 
Vicia criiCca L 

American green ulder 
dwar l birch 1 

biUI'JO n reedgras~ 

blirc qoosefoot 
bur chbeny ' 
golden corydalts 
pa le corydalis 
American draqonhP.ad 
t'reweed 
fl ld ho rset a il 
non hern bedsh ow 
Labrador tea 
AmP.rtca twinflower3 

arct ic l u~•me4 

bluebell ' 
~rove sandwortJ 

arctic swP.et coltsfoot" 

rough cinquefoil 
prickly rose" 

marsh f leabane 

alpille bi.JeberryJ 
mountai 1 crunberry 

Quackgrar.s 
m&adow foxta•l 
w tldo at 
shepherd 's pu se 
common lambsquaners 
flixweed 
hempnettle 
fo >< taiJ barley 
pineappleweed 
hroadleaf plante•n 
a, nual b uegrass 
nros1rate k notweed 
wild buckwheat 
Pennsylviln a smartweed 
marshcre~ 

common groundsel 
corn spurry 
chickweed 
common dandelion 
field p~:nnvcress 
b1rd vetch 

0 .4 
00 
0.4 
0.0 
0.3 
0 .9 

16 .9 
0.0 
l.G 
0.4 
0.3 
0.3 

12.2 
19.8 
11 .5 
0.0 
0 .6 
0.2 
0.6 
1.2 
2.0 
0.3 
2.1 
0.6 
2.2 
6.9 
1.3 
5.8 
4.8 
0.9 
0.3 
3.0 
1.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.7 
0.0 
0.0 
0.0 
05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.4 
0.0 
4 .1 
1.3 
0.3 
0.0 
8.0 
0.4 
0 .3 
0.3 
00 
5.9 

13.6 
13 6 

7 .3 
0 l 
0. 1 
00 
1.6 
0.8 
07 
0.5 
0.0 
0.0 
4 .1 

13.8 
3 .4 
26 
3.8 
0.0 
0.0 
0.0 
0 .1 

0.0 
0.0 
0.0 
0.0 
7.9 
1.2 
0.0 
0.5 
00 
0 0 
0.0 
0.0 
0.9 
00 
1.8 
0.0 
0.5 
0 1 
0.0 
0.0 
0.0 

0.5 
0.3 
0.3 
0.0 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.3 

14.1 
5.5 

18.7 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.7 
00 
0.0 
0.0 
00 
4 1 
0.9 
3.2 
0.0 
00 
0 0 
0.0 
0.0 

0.9 
0.0 
00 
1.1 

33.3 
0.0 
0.0 
4.0 
0 .6 
0.0 
0.2 
00 
96 
0 0 
1 0 
00 
0.0 
0 .4 
0.0 
0.0 
0.0 

1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
4.4 

20.2 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
00 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 

4.2 
0.0 
3.8 
7.7 

33.1 
? .5 
0.0 
6.0 
03 
0.0 
1.3 
0.0 
3.2 
0.0 
0.0 
0.0 
2.0 
6.0 
o.o 
1.5 
0.0 

-----
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
1.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
29 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.5 
0.0 
0.0 
00 
0.0 
0.0 
0.0 

2 7 
1.2 
0 .0 
67 
89 
0.0 
3.8 
5. 1 

15.1 
0.1 
87 
5.7 
27 
0.9 
I 2 
0.0 
27 

25 7 
1.1 
0.0 
0.9 

' lmpo tJ1ce va UP$ a · h vP .J'lll of rslatiVOI cover !lind rei;H•ve trcauencv . Spec.es w ·1 tllgh 1mporrancf! Y;alue~ occur in many uf the sample 
.PIOIS. co 11 tbute a 0 at amoun1 of ground cowr o r both. lmnort.ln.:e v • ranoe l rom 0 ro 00. 
;eommon llllm~ from wss.;- 41971 ) unl~ss olllrr .... ise nor ' 
4Com11•1on noml! from Hulton 110081 

Comn en 111'1 ""from Wolstl rt9741. 
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0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
3 .3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 

17.3 
0.0 
0.0 
1.4 

14.8 
0.0 
0.0 
1.1 
4.1 
0.0 
4.8 
1.1 

10.9 
2.6 
0 .0 
2.5 
t.2 

26.0 
0.0 
1.1 
27 



FlrTtJre 2. Berm s t&rve as reservoirs for OR(tll<> weed species. 

As noted by Dearborn ( 1959 ). most of the nat ve species 
pres~nt o n newly c lea red t mkls d ~appea r wi1h cultivation. 
Several except ions to th1s trend were noted w hen w lntn w heat 
or grass for seed production was plal'lted d uri ng the fall of the 

first yea r of cu ltlvat,o n. Under thPSt condrt.ons the total cover 
of na t ive species iocrea~eu Thus, growe~ clearlng land tal" the 
fi rst ti rne can tnimmize 1hei. problems '~•' th nat ve weeds by 
sowing spring· planted c ups !.luring the first fe~.v years of cui t· 
vat ion. 

Almost all of the I troduced weeds encountered in thr. 
study (Table 1) were present In 1959. Hompnett P. {Galeops{s 
tetrahit L. ) and common groundsel (Senecio vulgaris l.) are 
not able exceptio ns. Why have so re~' new weed species beco me 
estab lished'? Some possd1lr- reasons are· 1) a lack of d rspersal 
opponurrit ies; o r 2 1 a lrm' ted number of spec·es preadaptecl to 
the cropping systems, cl mate, and pho topertods characteristic 
or Alaska. 

Tho ugh many of Ute weeds mny c~lreany be herl:!, p lant · 
quara n ine measures slloulo remarn stnct to furthl!r re~tr rc l ane 
enrry of new weeds into the "·~te. E.qu::JIIy tmport n how~ver , 

is to cont rol the sprea(l of wePd~ t at have fllrearJy ar r iv~d lrt 
A laska. Growers should take care lo plant only weed · .. eo c rop 
seed buy f eed s 'hat are .ot weed-contam·nated, and clean farm 
equipmen t of weed seea before moving ·r to a c lean treld from 
one contaminat ed by weeds. Thesn relatrve1y nexpe rrsr ve pre· 
cautio ns could rfrsult on con~•derable savings in weed-control 
measures o vr r the long ru . 0 
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Increased or Decreased 
Energy for Moose? 

The Susitna Hydroelectric Project 
By 

Wil liam B. Collins• 

A moose walks out onto a Sus•tna River gravel bar a few 
mi'es downstream fro m Talkeetna and begins to browse some 
low-growing willo w and bal~am poplar shrubs. The ammal has 
spent approximately one· half of m day fe ed mg on simi lar 
vegetat io n. Approximately one-fourth o f its day will be spent 
rechewing Its harvest , furt her convertmg the wooLly plants into 
a fo1m it can us-!! us energy. Energ-y connot be created or de· 
mov~. but o nly changed in form. 

Forty-etght m•les upstream , an en~ineer co ntemplates 
anothP.r form of energy conversion His plan w1ll alter the flow 
of the river to harnes\ tts energy. The man has selected the lo · 
r~:ttion for a dam bec-ause it represents a very effic ient site tor 
converston of water power to electrictty. The moose has se-
lected its feeding ~lte hecause, there too, ene-rgy co nvcaion IS 
most efficient. 

During this study the Agricultural Experiment Stat ton 
(AES) at Palmer was under contract to Terre5trlal Environmen-
tal Speciatlru (TESI of Phoenix, New York. to investigate t he 
possiblu mpacts on vege tation and related habi tat values for 
111oose of hydroelectr ic development on the Susitna River. This 
t-ffort was part of an overall feasibility STudy conducted by 
Acres American ln.co rporated for the Alaska Powet Authonty; 
TES was subcontracted to Acres. A pnmary concern has been to 
deterroine what effect regulated river flow may have o n m oose 
habitat w 1th1n the floodplain downstream of the pro poseu Devil 
Caf'yon damsite. This land rs frequently i lood ed in summer, <J 

phenomenon which sorne believe may be responsib le for main-
tcnam;e of the vegetation in ear ly success ional stages wh ich are 
highly prouucuve at moose forage. Wtth h ydroelectric develop-
ment, rhc annual flucruatl 011 In downstream water levels and 

".IUs•stllnt P rofessor, Range Mii.I\Itgemenr. Awlc:ulrural E>Cplriment Sta-
tion, Fairbanks. 

f lood ing would ue reduc~?d, thereuy pombly allowing prime 
m oose hab itat to advanCll to later, less productive successional 
stages. 

In May I 98 1, AES personnel began a study of v119etat io n 
succession on the Susitna f loodpla in from tho Dovtl Canyo n 
site d ownstream appro ximately 92 miles to the Oeshka R1ve·. 
Through reconnaissance o f tht! area and compari~on of h iSlorl· 
cal (1951) photographs with 1980 photographs, seven vegeta· 
tion types were identified wh1ch were thought to tepresent 
stages of succession from bare ground to cl1max forest . 

V(!9etation soils data from each type were c.ollected a nd 
analyzed to determme vegetation history as it may relate to 
flo oding. Per cent cover ot plant speci~ and density, dimensions, 
and ages o f t rees and shrubs were estlrneted or meawred to 
fo rm the baSIS fo r charac.terll ing each vegetation t)'pe. Per tlcular 
effort was made to determmc the point m ttme wh •n aach stand 
began developing. Soils rrom several pits wathin each type were 
analyzed t o d eterm ine wha1 relationships m;,w exist oetween 
vegetation type end soil ~ubstrate. Elevatrons of each ~>tand 

above the level o f the river were measured at various times tlu -
ing the summer to be related to rates of flow (simultaneousty 
being measured by R and M Consultants, anotner member of 
the feasibili ty study team). Eventually th1s · nformation can be 
used to predict the extent of flooding under uifferem hydro 
ell?Ctric develo pment options. 

Vegetation succession on the f loodplain generally occurs in 
the following sequence (Fagure 1l. Commonly, horsetail (Equis­
etum spp. j is the first vegetatiOn to beco me established on bare 
gro und. Ho wever, its occurrence ,s dependent e n the presence 
of fine sands and silts In the surface horfwns of the soil. Th1s 
vegetat ion IS 1 ead ily mvadec.J by wlllow (Sa/i.l( ~pp ) and balsam 
poplar (Populus balsamifera) seedlings. Similar topographir: si te' 
whtcn have coarser substrate may never develop horsetail as t hf' 
dominant s:pee1es but may be occupied by willow-balsam poplar 

8'RCH­
SPRUC£ 

FfiVER HOPS£TAJL M YA$ 
CHANNfl 

WILLDW - ALDER 
YOUNG 
fMLSAM POPLAR 

EMERGING 
BALSAM 
POPlAR 

MATVR£ 
BAL. SAM 
POPLAR 

OECAOf:NT 
BALSAM 
POPL.A.R 

81RCI4 -
S-PRUC£ 

RIVER 
CHANNEL 

F1gurr! 1 PosslfJ/e SIJQumce of veger!Jtion succession [left to right) on L ower SusitmJ R l11er. Hors"ti1d, dryiJS or willow-voung balsdtrl poplar mav oocur 
as thil piortf'P.n n.9 w:get..JtiOn fVpP, d~pendmg on rhe~bslrllte, p lan t propilgU/{fs ptesent, iJnd Olhllr environmt'flllll <:Ondltianr. 
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Ftgurq 2. Early successional vegetation . Horsetai l stand (on lfd t l Is rh 
ir~itto7/ pioneering vegetation . At a slightly tltghet tJ/evatJOn (on right) is a 
hfl.wl/y brow sed stand o f fP.Irleaf .vi/loW wfr1ch is 8 to 10 years a fd . 

dlre<:tl y, or in the case of gravelly or cobbley sites, be pioneere<.l 
by ,Jt-yas (Dryas drummondl!), a nilrogen ·fixing plant . In anv 
case, the initinl vegetation is importa~t in holding the soli and in 
reducing tl1e velocity of water and wind for further deposition 
of ~ubs rate. 

In t tm o, depenfllng on a number o factors such as silta tion 
and el~vatlon ot the surface above the level of tr<Jquent f loocJ 
lng, dtmsity of a ldl!r (A lnus renuifolia and A. sinuata), ano lher 
nitrogen fixP-r. apparently increases and ga ins dom mance over 
tht:! halsam poplar and witiqws. This may be in •·esponse to an 
inherently faster growth rate of alder, or preferential browsmg 
of ~he other spncles by moose. or a combmatio~ of both . How 
ever, some time after the alder achteves maximum height, the 
bolsam po plar ernerges t hrough thn aldor canopy, once again re-
celllillg fu ll sunlight and begins fast growth into la rge tTees. 
AddihCHl of nitrogen to the so il by alder 1n ay co'ltri ute to the 
balsam po plar's increased rnte of grDwth. Balsam poplar is 
shade-lnm lnrant and does nof reprouuce fn its own shade; con· 
ssquently, most s1and~ m:! e~ren-aged . 

F l(/UtiJ 4. Substrate determ ines the t ype n f PIOneering vegeta ti on which 
becomes establishP.d. Horsetail and willow readi ly establish on silty si t tfS 
(r~l. while only sparse parches of dryas and balsam poplar are found on 
qra!ICI(y sites (bottom)_ 

F igu rP. 3. Fel t leaf w illow, tJoJls<Jm papllfT, and alder <v,dlmgs .11a>n doml­
nanCI1 over initial horsetail srnnd. Ald••r (thf. ltu.qt shrubs/ alP. 3 V~>'·~rs tJ/d 
and .!Jiro;ndy overwopmg thll wrl/aw and ba/jam PPPlar whtch ~rl' 1 U) TO 
vesrt old. 

As tho [)aisam poul.1r forest matures. sp JCI) (Pic. ell gfauca I 
may appear ln the canopy (a few may beeome eviden t as early 
as tt-e alder stagEtl. Even1Ually. the U.alsam popldr becomes unca-
dont and falls, leaving space for devolopmem of more balsa•n 
poplar or Sl)ruce and birch (8etvfa papyrifera). T 1e fuctors r~t­

sponsible Jor development of the birch-spruce stands versus 
contmuutlon ot balsam poplar are still unclea but may ile 
beth: r understood after furthe• analyses of sotls. Bal-;am popiar 
does have a b!'tter ch· n~..e of continwnu If thll dmurbnpce 
exposes min!:lral soil E evodtJOn rurveys of th• chrfer.ent tvpes dicl 
not Indicate tha t the b1,.ch spruce stnmls were any less ltke!y to 
be munda tcd by high wa·er rhan were mature alsan pof')loir 
stands. Much work sttH needs to ba done to undcr<;t nd mme 
fully t he mechanisms underlvm!l each of the appauml succes-
sional sequences. 

In it ial observat1ons by both AES and Alaska Department of 
F1st• ar d Game (ADF and Gl pe~onnel indicate that the wil-
low balsdm po plar sapl '19 r-ypo .nay be ~he most valuable 
reed in!] hab lat for moose livmg Of\ the floodplain. This s bemg 
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F/guiT! 6. A ft(Y 25 IIJdrs, a dryas swnd I see Fig­
ure 41 may •ccum ulare enough alluvial and 
wmdbluwn s1lt t o suoport a m ore p roductttltJ 
and dtverse community of pl.aots. Hovw.var, 
the ~egefat•on on slltiA.r .mils (b<Jckground} h11s 
sdvllnmtd to .an immaw~ l1alsam poplar forutt 
1n rile &Mrlf! amounr of tim11. 

F igure 7. Balsam p oplar b rowse 1s ttlflvDted far 
above th e ltcutJs of moose u!i saplings grown 
in to trees as seen in rh1S Im mature forest. 

Figu!Y 8. B rrch sprut;P. may bt the cllmltx 
vllf/fll• twfl Suurns Ri1111' 1/oodplsm . 

stu1..hed by the A DI= and G w h ich is responsible for the evalu-
atio'1 of t o e b ig game popula t ions and dlst t lbution as part of th e 
feasebt rty study. Since the w illow · ba lsam poplar sap ling type 
occurs earl y in vegota lion successton, it is probably d ependent 
on some torm of d ist urbance to create conditio ns favora ble for 
its e5tabl ishrnent. Such d i~turbancc cou ld resu lt f rom floodi ng 
and subsequent siltat ion, e rosion of banks by Ice and n:~deposi­
tion. w ·nd th row, or fi re. The relative influence of each of these 
factors thus is a lso an important consideration in d efining the 
1mpacr of floodmg. 

Vlature and decadent balsam poplar and birch- spruce stands 
a lso produce abundant moose browse and provide security 
cover. High bush cranberry (Viburnum edule) and prick ly rose 
(Rosa CJ(' icularis) are important browse species in these forested 
types, w hereas W1ltow species have become much less abundant 
than m the open types. Paper birch sapl ings provide additional 
bro wse for moose in birch -spruce stand~, and alder species may 
IJe browsed occasio na lly in a ll stands. Devi lsclub (Oplopanax 
homdus), w hich often leaves numerous pa'11ful spines imbedded 
lr the legs and hands of h ikers, and ostrich - fe rn (Matteuccia 
srruth iopteris ) are h ighly preferred as forage by lactating cows 
and ca lves using matu re and d ecadent balsam poplar stands in 
spr·ng and early summer. 

Birch -spru ce stands appear to be in d y namic equil ibrium or 
d lmax for vegetation occurr ing on 1he lower Susitna River 
floodplain. Th ese slands char11cteristfca l1y have four phases 
which re peat themselves an the follow ng cyclic sequ ence. The 
tallest, oldest part of the fo rest, having a well-developed u nder-
story o f grasses and forbs b ut relat ive ly few shru bs, begins to 
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lose paper b irch from the canopy as. heatt rot takes irs to ll . Ar. 
the cano py opens up, thl! spruce dpparently becomes more 
suscept ib le to w·ndthrow, anti large p:ltches of overstory a e 
completely lost. This then leads to the decrease of some shade-
tolerant specres and the increase of paper birch saplings, high-
L>ush cranberry . prickly rose, willow, and thiniP.af a lder (Alnus 
tenuifo/111) As brush f ields age, spruce be'lfns to appflar and 
eventually this phase advan~es to birch spruce orest. The early 

Figure 9. After roughly 150 years, blllsam poplar C /Jfl btH:omfl diiCadent, 
creatittfl space for emerging r:prur:e and lor birc tr. Newlv deposfled bar in 
the foreground shows the succtJSstOn i11 :.equence $larlmg over. 



birch-spruce stands character ist ically retain more browse in t he 
understory t han do more mawre stands. As b 1rch -spruce stand~ 
age, t he cycle apparently is repeated . The: close association of 
brush rle lds with mature forest in the hrrch-spruce typr. appears 
t o provide good overall moose habitat. 

AES personnel will begin estimat.ng the forage productivity 
of r?ach vegetc:nion type. This informatio n, coupled with habitat -
preference dara co llected I.Jy ADF and G and vegetation succes· 
:.ion rnformJtio n, ,v i I lle used tu a~se~ the effects of changes in 

veqetation whrr:h may occur if hytlroelectnc develo pm ent rakes 
p lace . Then it may be known ho w del.'elopmant o1 Susitna 

hydroelectric energy will aHect thr. avadabrlrty of an r t fic ien< 
sou r.e of energy lor moo ,e_ 
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TH E DYNAMIC FORCES OF THE SUSITNA RIVER AT WORK 

Figuro 10. Siltation during summer flood occurring on dryas, horsetail, 
and Q.Jisarn poplar saplin.g communities. A £S personnel discuss the im­
pacts with a wetlands specialist and for,.swr from Sweden. 

Figure 12. Young alder and balsam poplar which were "bulldozed" by ice 
dunng spring breakup. Rocks were deposlled as the 1ce block melted 
fram beneath them. 

Figu re 11. A black spruce pear bog {nor considered parr of che f lood ­
plain} is being undercut unci pulled mto the river. 

Figure 13. Young balsam poplar :-rf!I!s {cenrer) e;<hibrl "llouli • rlilmed" 
shape as a resu lt of past ice jamm ing 
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Undergraduate Degree Encompasses 
New Options in Forestry and Agriculture 

By 

Carla A. Kirts • 

As a landiJrant· university, the University of Alaska at 
Fa rban ks must be responsive to the needs o f the public it 
serves. The School of Agriculture and Land Resouces Manage-
mt-n! recently •nltLatfld several changes in the u nd ergraduate 
deoree program as a result of public 1 cquests and new trends 
emergin g m vnriou~ disci pi inl's e nco mpassed w1thm t he ealm of 
naturc.l reso 1rces management in Alaska , pan cutarly forestry 
and agr icultural product ion. 

The Sch ool of Agr c ultur ~ncJ Land Resouces M.mdgemllllt 
is composer! ol the In struction nd Pu bl ic Service Progr11 m 
and he Ayriculturii Experiment Statio n. The courses and 
dewee program guidel ines with in the Natural Resources Man-
agtll'i'lent currculum are dcvclooetl not only throufJh a coll-
certed efforr o n 'he part o f rhe divisions within the school. bur 
also 1n cooperat1o1 w rth other units w ith·n the u iversity 
conce ned w ith natu ral resources management. These include 
the l n~tltute of Soc ial and Econo mic Researco, the Inst itute oi 
Water Resources thP Environmental Oual ity Engmeer 1119 
program, the CooperatiVP Extens,or Se rvice, ond the Ru ral 
Educa ion program. Thus, md•v idual fa cully thro ughout th~ 
university make significant con1 ribut o ns to rhe p ·ogram. 

In an effo rt to ensure that the degre:e prO{Jram prepares 
students tor the real world of work avarlable In Alaska , coop er· 

~~nt Professor Ag..-lc:t~IIU1"111 Edu~lon, Sthool of Agriculture ~nd 
Land Resources Man~ement, Fairbanks.. 

Student.!. fn t l,tWrltl rosources managemerlt Chines p,1rricipare In f•.:ld 
expEriefiCP.S. Thrs Sl te is one of man y used t o illust/71(11 principles of 
n,Jturnl resource management. 
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ation fs oblained al$o trorn related agencies 1nd organizations 
These Include: the Alaska Department of Fish and Game, 
Alaska Rural Developmen t Council , Alaska Department of 
Naturrll Resources, Alaska Conservation Soc1etv, Alaska Asso· 
c iat"on oi Soi l Conservation Sulxh-;tricts, Soil Conservation 
Se rvice, Agricultural Research Serv1ce, Bureau of Land Man· 
agomerlt, U. S. Forest Service , and the U. S. F1sh and Wildlife 
Se rvice. 

A B. S. 1n Natura l Resources Manageml.!nt 1s Jffefed a.s the 
undergrad uate degree. Flex lhillty In the degrP.e requirements 
affo rds students an oppo1 tumty to cortt!late course work with 
~pee fie resou rce interest. All degree caodidates arc raqwred lo 
complete all core major reQu i rement~> involving 30 c redil hour~ 
of sp:ec fred courses, and • additional 12 credits are also re-
qurred. These must be se lected from a l1s1 ot 21 restricted elec-
tives l111cluding dOproved spacu1l \opir.s} and a list ol 16 related 
d isciplines such a.s geoscitmces. bio•og•cal scient::es, econom•cs, 
educa tio n, and engineering (See Tllbl~ 1 ). 

Th ..Js, jud ic ,uus utilizat ion of courses in restncted electives 
and related d isc iplines allows a itudy emphasis o 1 a par t1cular 
resourc!! field w h1le simultaneously provrding cohesive instruc-
tio n In the vanous land resources In general. 

A p rogram can vary from providing a very broad degreil to 
one allowing some depth. Upon graduation, career opportun i 

Studenr:s are felling trees for 1111 ex(}Mimental thitm111g study. H11nds·on 
exptmtmces such a! this llf~ provided throughour thu degree p rogamJ. 



Table 1. Requ iraments for the Natural Resources Management Degree. 

Complete the genera l un versity and B.S. d egree ·e-
tlulrnments listed m the Uni11 ersi1y o. Alaska catalog. 
These Inclu de req u i1ecl m i1 1imum courses in Engl ish , 
math scie11ce, soc1al scitmce and humanit ies. 

2. Complete the fol lo wing program tmajo1 I require· 
mE!nts : 
A LA 101 
ALR 310 
AL A 340 
ALA 3 50 
ALR 370 
ALR 380 
ALR 400 

or 401 
ALA 430 
A LR 460 
Bioi. 105 

-106 
Bioi. 27 1 
Chem. 105 

-106 
Econ. 235, 

435 
GeoS. 101 
W.F. 301 

Conservatio n of Natural Resources 
Agricultu ra l Concepts a d TechniLj<.les 
Na tural Resources Mea!.urements 
In troductio n to the Forest System 
Introduction to Watershed Science 
So 1ls 
Natural Resources Policies 
Natural Resources Legislatio n 
Land Use Planning 
Pnnciples of Out door Recreation Mgt. 

Fundamemals of Bio logy 
Principles o f Ecology 

Genera l Chem tstry 

Resou rces Economics 
Ge 1era Geology 
Princ1 ples of Awmal Population Dynamics 
and Management 

3. Plus. at least 12 credi ts from the fol lowing co urses in 
man's environment and /or 1 esources. Approved 
!ipecia l topics courses may :lt times he applied 
toward this req uirement. 

AL A 311 Introduct ion t o Agronomy & Hort icu lture 
ALR 320 Pnnc iples of Anim al Science 
ALR 400 Na··ural Resources Policies 
ALR 401 Natura l Resources Legislatio n 
ALR 411 Plan t Propagation 
ALR 450 Forest Management 
ALA 461 ln terp rP.t ive Services 
Bioi. 474 Plan Ecology 
Bioi. 476 Animal Ecology 
Econ. 437 Regional Economic Development 
E.Q S. 403 Solid Waste and Air Pol lution 
Geog. 327 Colo Lands 
Geog. 402 Man and Nature 

Cre-~;hts 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

B 
4 

8 

6 
4 

3 

3 
3 
3 
3 
3 
3 
3 
3 
4 
3 
3 
3 
3 

t tes ar available m general fields such as conser11ation education, 
resource commumr.at io ns, resource engineering, general resou rce 
manag~ment, and in many specific f1e lds related to resource 
manatJement. 

The development of the curriculum is based on the major 
nhjecrives of the undergraduate degree program in natural 
resources management. Thus, t o the gr(!atcst extent possibl e, the 
degree program is d esigned to 1) provide a basi c science founda · 
tion for natura l resources management; 2) provide core courses 
in managem ent of each of the major natural resou rce d iscipl ines; 
3) prepare studen ts to meet the present and im mediate fu tu re 
job market need s in natu ra l resources management, particular ly 
1n A.laska; and 4) provid e courses u,.eful for majors in other 

GeoS. 304 
M n 101 
Min. 407 
Ocn.4 11 
W. F . 402 
W. F 4 17 
W.F.4 19 
W.F. 430 
W.F 435 

Geomorphology 
Minerals and Man 
M •le ral Industry and Envaronmont 
General Oceanography 
Wlld li e Btology and Man 
Forest and Tundra 
Wetlands 
Fisher ies dnd The1r ManagomP.nt 
Water Pollut"on Biology 

4. Plus a m inimum of 12 cr~·ts in one ot th~ rollowing 
fields or comb•ned l ~elds beyond those taktm to tul· 
fill numbers 2 and 3 ubJlve . These cow sa~> m• lObe 
selected fo r thei r c lear pert•nen~ to a coh •stvl! pm• 
gram 1n resource stLJcly ilfld mU$l bEr approvj!d by rhe 
Directo1 of Lhe Instructional Prog1 am In the School 
of Agric LJitllre and Land Resource Management. 

Anlhropo logy (cultural! 
Btological Sciencm 
Broadcasting Jo urnalism 
Business Adm 101strat1on 
Civ il Engir•eer ng, Engmeering Sea •nces, En11ironmental· 

Qua ity Engineering 
Econo mics 
Education 
Geo graphy 
Geo logy 
Land Reso urCI:!S, Agr1Cult ur<tl Sc11mces 
Mining Engin eerins ~nd Petroleum 
Po lice Atlmlnistration 
Polit1cal Sc1ence 
Psy cho logy 
Sociology 
Wild life amJ Fisheries 

5. T he total program mun include a m n1mum of 12 creo1ts 
10 tha fo llowi ng soc1al scient.es : 
Anthropology 
Econom ics 
Pollttcal Science 
Psy chology amd/or Sociology 

3 
3 
3 
3 
2 
2 
2 
3 
2 

Courses must Include ~me relal•ng man's culture to hts en-
vironment, and one dealing with human population charac-
ter is tics and dynam•cs. 

disciplines, personnel m natUral resource agenc11:~s . nersons h 
co11linu ing education, and agent:> in exte nsion educat ion. It is 
pnmar ily w•th the th rrd objective in mlnrl1ha thr. new options 
in agric u lt ure and forestrv wure adclio'd. A~ the enrollmen t m 
Narural Resources Managl!ment fncrea:;es \ls shown in Flgu re 1, 
it br.comes more feas ihle to respond to student~' and potent ial 
emplo yers' requ es ts for Increased depth in pan1eul.ir dtscipl in e~. 

Fu rthermore, sta le go 11ornmem ent1ties are encourag•ng educa· 
tional inst itu tions in Ala~ka to rrP.pare Alaska ns for Alaskan 
jobs. 

I f foresHy and agncultu re in Alaska are tO expand •he de­
gree that t hey become viable, stabil"z i n~ · ndu~tr ies, education 
must play a sign fi cam role m s.uch dev•~ l o prntmt. In essence, 
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Table 2. Example s of Duties of Fo rest Techmcian s, G rades 1-V, and State Fores1er 11 

Job Series Ex amples o~ Duw1~ ------------------------
Forest 
Techr1 ician I 

Forest 
Technician II 

Forest 
Tech11ic•an Ill 

Forest 
Technician IV 

Entry leval sk ill s: perform datil co llect•on; 
f o rest f la!XJing, c ruising, and inventory ; tim ber 
!lcaling; fire 'ighting, prevention, detection . 
'.lntl evidence preservatio n; safety practices 

In addition to lower level duties: pedorm 
wnore advanced forest management; pl~nting; 
lhmning; general aenal photo interpretation; 
w eathe r c hecks; asstst in drawing maps; al· 
locat1on o1 burnmg perm its; landow nnr in· 
struction n fo resl·measuremen t techniques; 
public presentations of f1re prevention 

In addition to leading smal l c rews tn perform· 
·ng du t ies ot Techn cian I and II· provide 
genera l asststance to landown9r s; prevare 
p roject re port s 

In addition to directmg several crews in per· 
form ng duves of Techn ician I, II, and I ll : 
prepare ro utine timber sa le~ projects; con-
SOlidate small pro ject reports Into area pro· 
jec1 rtlports; supen11St! prescr ibe.d burns; offer 

educational p rograms at all levels, indud ing elementary, secon 
dary. postseconda ry , a nd h ighe r and adult education, are nec-
es~ary to comp l ~:ment statew.de efforts to deve lop these r{lnew · 
able-resource industries. At the p re<.;ent t ime, it appears th at 
many students inte rested in st'Udytng forestry and agt icuhu re at 
instltutJOns of higher lea rning are leaving Alaska to further t he ir 
education. It 1s lmp~rative that instructional programs In for-
estry and agriculture be deve loped such in a manner thar ·n-
terested mdiv id uals can o bta n an educat ion wi thout leaving the 
Udte. Most programs outside the state do nat affo rd stlldents an 
opportunity to gain fu ndamental and prac llcal concep ts and 
techniques related to ~ubarctic and arctic s tuatto ns. Thus, in 
light of the charge to a land--grant un1versity to respond to 
public demand s tor p rograms, forestry and aiJrlr.u lture options 
have been added to the general natu ral resou rces degree. 

FORESTRV OPTlON 

To better prepar·e graduates to obtam technical, p rofession-
a . and managerial Jobs with in F~deral, state, and private sectors, 
an option in fo restry was added to the general natural resources 
degree p rogram Wi th th is option, students can select fo restry as 
the nnn1ral resou rce area of emphasis w hich wi ll appear in the 
~~gree t•tle on the dtploma (i .e. Natura l Resoll rces Managementi 
ForesLry ). 

Several factors have i ·1c eased the demand for exper ienced 
forestry per~onnf'l needeu by , he A laska Department o1 Natu ral 
Re$ou rces (DNRI , w hich in the past. has hirl:!d a substantial 
number of nat ural resources management gradu ates. First , the 
state h as assumed greater responsibility for wildfi re supp res.$io n 
1n tnterior Alaska . Both agency staff and students havo requested 
more n-depth instruct 10 t1 in wlldfire behavior and utilization of 
fire es a management t ool in the undergraduate degree program. 
These topics are components of a new cou rse, forest Protection. 
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Job Senes 

Fo1 est 
Technician V 

Forester I 

Examples of Duties 

training to other technicians on fi re evtdenc& 
preserv11uon, and collect ev•dence; manage 
burnmg petms1 programs; provsde tlmbllf sales 
assistance to landowners 

In add tton to superv1s tng lower-level tech· 
niciaos . perform co>t estimates for proJeCts ; 
interpretation of complex bridge designs fo r 
sale layoub; quality checks of scaling, inter· 
pret ac.nal photos; instructton for other in · 
structors, development o t ftre-prcvention 
p rogram content, e xplanarion of timber-sale 
procedures t o landowners; nvesttgatton of 
f 1res and post·fire mventory 

Entry level of Forestry class seres: make 
stere-oscopic interpretation of yround cover; 
compile film~ data tnto statistical charts; map 
forest types; participate 1n fielci surveys for 
land·use planmng, malntam map and pho to 
h ies; supervtse work crews.: Inspec t logging 
a nd earthwork projects for compliance w tth 
regui.-t ons and sound managemont principles 

Second , passage o I the State Forests Practices Act estab-
lished a detailed pol icy for maintain 'ng forest product.vity and 
protecting foresr soils, water, and related resources by requsring 
harve1ot methods to co'ltorm to "best ma na-gement practices." 
The act w ill be ineffective unless t1m be1 hdrvestm~. marketing, 
management, and •nspection arc conducted properly and effi· 
crent!y. As a result, DNR has established new technical a nd pro· 
fess10nal positions to address these n.eeds and, again, both stu· 
den ts and agency staH have requested the edd1tton oi related 
courses such as th e new courses rn the forestry option, R~gener· 
at aon of Alaskan Woody Plants. and Harvesting and Uti lization 
of Fo rest Products. 

The th ird and most recent general change involves the es· 
tabli shm ent of the M\~ Forestry Division w ithm the Alaska De-
part ment of Natural Resources. W11h th is hlghur-lrvel •merest n 
statewide forest management, additional pe rsonnel with fo restry· 
related experiences will be reqwred at all job levels throughout 
t he state. The fo restry optior1 will enable grartuates to qual fy 
for the statn Forest Techntcians Series, particulatly grades I and 
I I. Funhermoce, outStanding graduates can potentially qualify 
for a st<ne Forester I position (Table 21. 

To further just ify the addition of t he forestry OpttOr1, in-
creased interest of students wtthin the school has bl!'en evident. 
Students ha11e repeatedly requested that add1t1onal courses m 
forestry be taughl w hich examine more in-depth concepts a nd 
techniques. Fu!thermo re , h o th the lmtructson and Public Ser· 
vice Progra m a nd the Fo est Soils Laboratory, a component o1 
the Agricultura l Experiment Station, are involvPrl in research 
which attracts st ud ent interest and inquiries. In fact , several 
st udentS have been afforded summer employment through 
rechnical assistantships prov1cled by forestry-research pro 
jects . 

In addition to the nr\'• course offenngs, thll requirements 
for tha forestry option (Table 31 mclude many o f the previous-



Table 3 Requi rements for the Forestry Optron. 

1. Complete gene-ral univnrsitV and B. S. degree 
reCiutrements 

2 . Comp lete all core !Majorl requirements fo r the B. S. 
degree In Na tu ral Resources Mana{Jement 

3 Comp lete the fo llow ing cou rses : 

Credits 

CE 112 Eh;•mentary Surveying 3 
Bioi 331 Systemat ic Botany 4 
ALA 450 Forest Management 3 
ALA 451 Regenerat ion or Alaskan Woody PlantS 3 
ALA 452 Forest Protect' o n 3 
ALA 453 Harvesting & Utilizat ion of Forest Products 3 

4 Comp l!!re ni ne credi u from the fo:l ow.ng restncted 
electlves: 

Geos 422 Geoscience App l icaaions of Remote Sensing 3 
Geos 408 Map and Alrphoto lnrerpre.la tloh 2 
WF 430 Fisheries Manogemenl 3 
WF 4 17 Wildli fe Management - Forest and T undra 2 
WF 401 Wtldll fe Management T1~chn iques 3 
BA 350 Real E:.tale 3 
ALA 312 Range Management 3 
ALA 300 Internsh ip in Natu ral Reso u rces Managem ent 1-6 

5. Fulf1l l requ irernet\ts of category 5 rn the B. S . in 
Natural R~sou rces Management 

lv ottnred natural esource managemem cou rses such as those 
invol11ml] conserva110n introducto ry forestry , forest manage-
ment, reso urce measu remen ts, wate rshed m anagem ent, outd oor 
rl!creatioo, soll s, land-use planning, and resource po licy and 
legisla• ion . Courses in other umts wtthin the univarsny provid e 
foundati o n instructron In econom ics. basic nalUral sciences, and 
w•ld fc mana~emant. 

AGRICULTUR E OPTION 

To provide majors w1th g1eater depth o f understanding and 
comp~ t~ncy needed io r successful employment and/or entrepre-
neur~hip in agr il'ultural enterprises, an agriculture opt ro n was 
added lo the general natural rcsou rcos managemen t (Iegree pro-
gram. !r1creas.cu enrollment In natural resources ma1iag~m1Jnl 
!Figure 1 ). av<Hlabilily of the neces5ifry funds, em plo yment 
and/or enlrepreneurial opportunities, trends In agr cultural de-
velopment in Alaska, a nd contmued requE!'sts t ra m various in-
terest groups warranted the addilio n o ' en agr iculture o ption. 

Dunng the past s ·x years. in terest has increased in developing 
agrrcu ltu ral enterprises in Alaska In 1976 , Gove rnor J ay Hom -
mend anno unced that a ma1or goal of . tate govcr~ment was to 
encourage the econom ic developm ent of renewabl!! resources, 
includio!l agriculru r~:. Dur1ng the followi ng legisla tive ~ess ion, 
t he Alaska Statl! leg1s latu rr 1esponded by approving the first 
funding p rogram fo r agriculture, fo llowed 111 1979 by the 
creation o f the Ala ska Agricu ltural Actio n Cou nc il (AAAC, 
1981) . A so il sLnv•~v completed in 1979 by the U. S. S01l 
Con~ervation Se rvice class ified app roXImately 20 .5 m illio n acm s 
in Alaska as having ti ll able soils (Reiqer !!tal. , 1979 ). As a result 
o f these legislative activ ities and stud ies of agricultural potent ia 
in Alaska, tho AAAC h as planned and/or developod several agr i· 
<;Uitural p rojects and has d ete rm;ned that having 500,000 acres 

Table 4. Requirements for Aydcuhure Option. 
Cred lh 

1. Comp lete gener;,l un iversity and 8 S. degrl!ti 
requ irements 

2. Comp lete the fol lowing core (Mnjorl re-q u iremenls: 

ALA 101 Conse rvation of Naturill Resources 3 
ALR 311 Int roduction to Agronomy & Hortiwlture 3 
ALR 31 2 Range Management 3 
A LR 313 lntrodllc tion to Plam Pathology 4 
ALR 320 lntrod uc.tiort to An1mal Scrence 3 
ALR 321 Applied Anhn al Nut ition 3 
A LR 340 Natu ra l Resources M~asurements 3 
ALR 350 lntroduct1on to Foes Systems 3 
A LR 370 IntroductiOn t o W;,tenhed Science 3 
A LR 380 Soils 3 
ALR 403 Farm Planntn~ and Mana~m~t 3 
ALR 41 1 Plan l Propagat ion 3 
ALR 412 Fie ld Crop Production 3 
ALR 420 Animal Nutrition and Metabolism 3 
ALR 450 Forest Management 3 
ALR 480 Soil Managem ent 2 

3. Com[llete 12 credits from the followiM restricted 
elec t ives : 
Bioi 2 10 
Bio l 23 9 
Bio1242 
Bioi 252 
WF 301 

General Physiology 4 
Plant Form and Functron 4 
lntrod ucrory Microbiology 3 
Pr ·nc iples of GenetiCS 4 
Animal Popu lation Dvnam ics & Management 4 

Any ALR cours~s fl01lls00 '"above Cl:ltegorie~ 
4. Th& total program must 1ncludc 3 mtnimum of 12 

credits in the fol low inq soc ial s.ciences; anthropology, 
econom ics, soc io logy, ar1d polltlcal science . 

in prod uction by 1990 ts a 1eas1ble, *ong-tcrm goal. Of cou rse, 
an expansion In agr icultura ly 1datcd emplaymont accomnanies 
.ncreased d evelopment of the agr1cultural industry 1n Alaska. 
By 1990, the 'lumbe r oi JObs direc•lv resul ing from agrlcultura 
develo pment in Alaska Is expet.ted to d ouble the 1975 figures 
(AAAC. 198 1 ). 

Over t he past several years, both students and proctrc ing 
agricul tu ralists have requer.ted tnat additional coUr&.es in agricul 
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Figure 1. Underqraduur~ Enrolltn~nt Tn1nd m Ntnural ResourcP.s Mnnage­
mtmc. 1971 - 1982. 
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ture be mcludcd in the cu rriculum m natu ral resou rces manage-
ment. A survey o f natu ral reso urces management m ajors con-
ducted two year! ago revealed th at majors W~He inte rested .n 

agriculrural courses above and beyond t hose presently o itered 
In addltron, severttl organizations such as t he Alasl<a Farmer and 
Stockman's Assocrat10n and Two R-vers Grangc adopted reso lu 
tions which were presented to app ropriate legislators requesting 
that a complete four-year degree program in agriculture be lnit i· 
ated . Tha o rgamz.atmns expressed an interest in courses both 
for present and pot P.nWll agricu ltunsts, particula rl y for the 
younger generation growing up o n farms m Alaska. T he 11umbe 
of h1gh-school VOCil tlonal agnculture f)rograms in Alaska has 
oocn 111creasing, and a u rstandrng students have expressed an 
nr rest in artend,ng rhe Unh•ersity of Alaska, Fa~rbanks, to pur-

sue a degree In <JgriclJlture. 
In the past. s.everal courses n agriculture have been In 

eluded in the g nefal natural resouretHI d(!(]ree. Introd uctory 
courses prevto usly offered are agrono my a nd ho rt iculture, soil5, 
an•mal, science, and animal nutrition More advanced, upper·d• 
viston subjects included plant propaqation, and an.mal m etabo-
lism and nutr"tion (Table 4 1. To accommodate the requ1re 
ments tor the agrrcuhure option, five new courses have been 

added t o the curriculum· Soi l Manag!':mem, Field Crop Produc-
tion, Range Management, lnrroductron to Pl;mt Pathology, and 
Farm Planning and Mnnagement. These courses wrll be of inter· 
est not only t o natural resource$ managemen1 majors, but also to 
students tn praveterlnary medtr.infl. bmlogy, and wildl ife . 

SUMMARY 

The new optio ns 1n forestrY and agriculture nor o nly 
strengthen the general unoergraduate and graduate programs, 
but also allow natural resource management maJors at UAF to 
emphasize these d iscipl ines within th&ir degree program a nd 
have the OJ>tion stated on the diptoma. Both agriculture and 
forest ry a re vrablc induslries rn Alaska, and the employment 
outlook fo r E:tach 1s promrslng. The School of Agncu lture and 
Land Resources Management ts modifying progfams in light ot 
ant ic ipated fu tu re trends. However risky tlw moy seem, it 
appearr; to be more ieas•ble to develop educational programs in 
conju ru:tton wi th indu~rrial expamion rather than play "catch 
up" after t he industrres abound_ -
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Spinach Creek Watershed 
A Resource for Education and Research 

By 

Joh 11 D. Fox' 

N~ilr comple te perrplle~l road !N1cess ou tlines the heart -shaped Spinach 
Cree~ wat1Yshed on this rnlrared aenal p ho to. 

The Spinach Creek watershed is operated under Special 
La.,d Use Pe nni fro m thP state of A1aska as a demo nstra lion 
and instructiona l watershed for lhe Nat ural Resources Man-
agrmant Program of the Schoo l of Agricultu re and Land Re-
sources Management. The 1 Q. mi2 area is loca ted approximat oly 
15 miles no rth of Fai rb anks, and int:"ludes state , boro ugh, and 
private l a nd~ w•th little opportunity for exporlrn ental control on 
lutUie l;:md u se J l'vclopment . However, what may seem tike an 
e xperim enta l disadvan tage may, in fact, be a very usefu l fea t ure. 
Although st ote land disposals are slatetl for par ot this land. the 
walt!rsh ed is currently undeveloped . Th us, t he opportunity 
ex1sts here to ini tiate a basic data -co lli?Ction program wh ich w1l 
y· cld fu ndamenta l hydrologic Inform ation wh "le also serving as a 
predeveloprnent refenmce as land -use patterns change. 

In addit io n, the Spinach Creek watershed o tters some very 
desirab le feature~. First, Sp inach Creek is read il y accessibl~ by 
an all weather, mai nta 1ned road and 1s on ly a short d rive from 
the Umverstty o f Alaska. Tht1s, the area can he com•c ni en tl y 
vlsitocl in an aftl' rnoo n for nudent flefd exerc ises, assignments, 
ancl , IJ.Search . This logist ic advan tage also fa c tlitates fac.u lty and 
gnduate -stu dent research act ivities compatib le with teach i11g 
responsibilities am! cou se- work schedu .es. 

Second . Spi tach Creek affo rds a variety of l;mdscape and 
ropographic teaturP.s including several nor th - and south-facing 

•Ass~Stml Professor, Resource ManagemSilt, Agn cultural EJCpenm ent 
Station , Fa irbanks. 

subwatersheds; perenn ' 11 i'l term illent, ond eph••nH ral chann!!ls; 
permafrost and non permafrost Bll'cls, deeD, .oess -r:over I 
slopes; shall ow, moss- co..-ered tdi!Js · and ~.eeo faces of e xposed 
schist bedrock . Vegetat•on Includes typ1cal mixed b fCh -aspon 
sp1 uce fo rests o n S{)Utherly exposures anJ both dense and open 
blac'k- spruce s tar ds on nnrlh faci119 slopes. ~vid;mce of pa~t 
logging, p robab ly fo r fuelwootl, and somu mirling exi~ts with in 
l11e area. 

Althouqh the are.a · ~ used in a manner directly related o 
objectives of th1 Un versnv ot Alaska 's course n watershed 
managemem , it <.lso pro'l'des a field se111 19 approprtatQ for 
s•udv of so1ls and vegetatio n, terrestr ra and aq.Jct ,c wilrlhf~:, 

outdoor rec reatr.:m, d t1 l .. orJ iJSI" plannmg. Curr~nuy, ratn , 
temperatu re, humidity solar 1aLiiat on. m.l s1ree~m , . .,,.atPr lev I 
sensor~ have l1een lnst aiiP.fi for co llect on of bas1c data and frr 
demon$trat•on o l equipment . StlJd~ L~ w II usr. the gre-a to luarn 

A student attend• to the wamt-level r-ecarrier on Splnacll Creek. 
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A uuderH observl:~ .m aufe1s ilff!lf In the Spinach Cre/Jk valley. 

techn1ques of measunng precrp rtation, streamflow, and wat er 
quality . They w ill also hove the opportunity to learn o ther 
practical w ate rshed·managemenr skill~ . 

In addition to being an oducattonal resource, the Spinach 
Creek watershed rrovides an excellent opportunity for research 
in watershed manal]ement :md basic hydrology. Why is such re-
search needed? Let me explain. The state of Alaska hos recenlly 
pas'ied a Forest Practices Act (FPA) and Is currently in the pro 
r.~s of fo r·mulatir g "Best Management Practices" I BMP) to en 
sure mtnimum negative impact o f fores1 land uses on str~am­
watl!r qua l ty, aquat ic habitats, and lanrl product ivity. 

Unfortunately, there is little re5earch informalion or 
rouunely collect ed data that is d irectly applicab le to 1nter ior 
Ala ka w atersheds. T h is is partrcu larly true o f small, low-order 
streams tll a r are likely to be most a ffected by timber harvest 
operations. 

Dingman ( 1966, 1971) tnltia ted l:latly effort~ in watershed 
research at Gle nn Creek neat Fox, Ala51<a. This area has received 
some renewed attention by ~wo U nrversrty of Alaska C]raduiltc' 
students <mel l>y the U.S. Armv Cold Regions Research and En· 
gineering Laboratory. Various hydro logrc studies have been 
carnocl out by the Inst itute of Water Resources, UA F, bu t no 
onr. watershed u nrt has been the focus of w ork. 

Currently, t he only ac t ivo expertmental watershed in inter· 
ior Alaska Is thl!' Caribou Poker Creeks Rr.sea rch Watershed 
wh~ch exists today pnmar ly b ecause of I he dedication nnd per 
~istence of Charles Slaughter o f the lnst tut e of Northern For· 
est Y. U.S. Fore~t Servrco. Here precipitation and streamflow 
data have been collected for some 13 years ancJ var ous 1·esearch 
studies have been initia ted !Slaughter ar1d Lotsperch, 1977; 
Slaughter, 1982, personal communication). 

Thr. need expressed here for more Information is no t in-
tenloo to deny the va lue of past or on!loing watershed research, 
but rather is a recognitio n of the many u nanswered questions 
1 equ ring d iversif ied n rateyres and innovat ive approaches in 
add tion to cooperative and complementary efforts by diverse 
research groups. 

In lieu of abundan t historica l data, water -acco unting 
schemes (• .e. models, computer programs, etc. ) oro sometimes 
used to estimate the Quantity o f rur1off, the pathways of wat er 
transport to streams, and the hydrolo91c tm pact of changes in 
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land me. Th ese wa tershgd modeh ;ue often claimed to be 
''general purp ose'' and not restrrctcJ to a single watershed sys· 
tern or geographical . eg•on. HowevH, one must bP. c:autcous, rf 
not skept ica l, of such claims when wmk•ng m the climatic ex-
tremes so characteristic o1 •nt~ior Alaska. Ala~kan resourctl 
managers must avoid the dangers of adonung the computarlz~>d 
" convemional wisdom'' of the •··tower 48." Howtver, ;r these 
techniques could be evaiLtated, field tested, and adapted for 
A laskan condit ions, th~re s little question they would be u seful 
'" idenl tfying problem situations and evaluating managemental-
ternat•ves in the context of FPA and BMP. Conceivably, tile 
future of fo restry in rnterior Alaska mav r~t upon the writil"g 
of workable and meamngful BMP or guldt:tlines. Such guidnllnes 
will evolv~ much m om rapid ly tf relevant war~r;hed research is 
initiated at the present time 

The focus of current research has been lhe improvement of 
waler-balancc c~tnnation procedures for forested watersheds. 
This is being done in conJunction with a computer m odel of 
watershed processes thnt estrmates streamflow grven ·nputs of 
prec ip itatio n, tnmperature, and c:emun watershocl charac te r-
istics. We are attempting now to impr~e thC$e calculations 
(sim ulations) by Investigating 0) the variations in prec ipil:atio n 
wrth elevation; (2) mfihrauon rnto tro1P.n !iails; and (3) the 
relationship of Mt radiation to cov~r type and standard ulima· 
Lo logical data. 

Our preliminary results indicate thm there maybe a doubl-
ln(l of rainfall over a 1300- ft. rise in elevation but that this 
increase may no t exist tor all storm types and meteorological 
condttions . The value in knowin~ this ralationship is in ~~ 
mating basin wide precipitation from only one regional or local 
rain QaUge. Also, if prec11J1tation mcreases signtficantly and 
consistently over such a small elevatron range, the importan~ of 
permafrost -free upland areas for groundwater recharge wrll be 
amplified. 

Although the reduCl•on of infiltration r.1t~ due to t roz.en 
soils has been documented elsewhara (Hale, 1950 Stoecke lur 
and Weitzman, 1960 ), result"S from studies in tntenor Alaska 
!Kane, 1980) indicate that autumn soil moisture cont en 
is critical in determining the hydrologic significance of th is ef 
feet. The task remarns to Inco rporate these hydrolog ic effects of 
so•t ice content into our hydro logic models. 



Finally, in order to est im at e adequately til e impact ol 
timber ho l'\'ost or srream ll ow, lh e hydrologist netlds some esti-
ma ':! of water lost lJy vegetation through tram plrat io n and 
evapo auve losses from the forest floo r, bare ro il, a nfl o ther 
wetted surfaces. S net! all evapora tive processes requ•re energy, 
we could est lmat~ rhe potentia I evapotranspiration rate 1f w e 
knew the net radia t ion . Howevcor, net rad1at ian •~ not a stan 
dard, routine measurement , and where measureme ts do e xist , 
they arc o nly rep1 esent:mve of the particular surface o ve r wh1ch 
thw are collecte-..1. In this project, we are d!!volopin!l a net-
radtat"on model that req u· es standard c l" matological data 
(temperature and cfoud cover) and surface characteristics I slope, 
aspect la t itude , surface albedo , and cover type dens ity) . The 
actual evapotransp,rano n Is then calcu lated as proport o na1 to 
thr· ava ilab le soil o r wetted surface water content. Thus, t he 1 att' 
may be hmited by etthm energy availab il ity o r water avail 

ab ility. Estim ates of t'le l radiation w il l also be us11d in the 
watersh ed mode' to calcula te snowmelt rates and if successfu l, 
so il freezing a nd thawing rates. 

Efforts to date have rocused on collcc t rnq b<>stc descn p t ve 
i nformar1o n on rhe Spm<~r.h Creek uw ogy, sot is, vtli_}eta ton, and 
topography. Futu re plans in,.luoe a' L pgl ... drng o f data- cal-
lec l io n faCilities and more detailed ~tucJ1es o hytlrologlr pro-
cesses. One tm mediare object1vc is to Install a ftbPrg ass Parshall 
flume whtch wi ll yteld bette r streamtlow datn nnd provode <~., 
excellent fac ility f o r the watershed class. 

We feel t hat, due to Spinach C eek's acc!ISsibi lity , year to · 
year continuity can be maintaine<l w1th rP.spect to data col-
lection Gradually, lh~ area w1ll IJecome a h1glly product •ve 
resource for both edutatton and research at the University of 
Alaska D 
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Tissue Culture 
A Feasible Method of Plant Propagation 

By 

Heather Mc intyre" and Donald H. Dinkel" • 

INTRODUCTION 

lmagine-50,000 plants per year trom <1 single mothet plan t 
- actually a very conserva r ive estimate of the potential anheren t 
in the t 1ssue-cuhure method of propagation. Many p lant cells 
cor1tarn al l fhe gen!lttc •nfo rmlHIOn about tho plant, making pos· 
si!Jie th!! JXOcluction o f many clones (genettcally tdentical 
planHI by remo .tmg a small sectton of plam tissue am.J placing 
it on a defined ntltrient medium . Figure 1 shows a s1m plif10d 
schematic of 1he tJssuo-cuhure process. 

Stlveral aspects of Lissue culture m rJke It part icu larly corn· 
patible w itll the Alaskan grt!enhouse and nursery tndustry where 
short day lengths and 1mmense heating requirements through-
out the winter dis.courage operatio n from Octo ber unul March. 
Conversely, heat a nd light requirements For tissue culrurl! are 
m nrmol - a 2- by 8 · foo t shelf with a n 8-foot fluorescent 
f1xturc is sufflcaent t o accomodate 966 25 -m rn est tu~s. each 
conta ning 5 to 10 plantlcts. Thus a small portion of a wel l in· 
suldted structure such as a shop or basement can be utilized to 
produce a Slgnifn::ant po rtion of 1h~;~ fo llowmg year's nursery 
stock. 

Tissue culture, as a propagatio n method tor the nursery 
mduwy, is most ap plicable for the rapid m ultiplica11on of rare 
or valuable plants. Plant specu~s which particu larly warrnnt e>-· 
penmentation are those w hich are avalla t)le In only a limited 
supply. Hard y plant materia ls from Canadian and European 
northern latitudes are of ten well adapted to the Alas.kan e nv1 
ronment. Initial dormancy cues are normally related to specific 
photoperioJ s with northern latitude plants mitiattng dormancy 
when day lengths are still relatavely lo ng as compared to p lants 
trom more soln hern latitUdes (I e. latitude of origin is li kely to 
be more nd-cative of cold hardlt1~s than w inter remJJerature a t 
me ol or igm). Impo rt restr ~ct•ons hmit introductto n of poten 
rtally valuable plant m aterials from Canada and Europe. The 
dist•lbution of these plants to t he consumer is normally de-
layer.! for 5 to 10 years until sufficient stock has been built up 
by conventional propagation methods . Fo r example, the Nor 
sef s of apples (No ret, Norhey , Norcue, Nmson, and No r() a) 
deYeloped at the Canad ian research stat io n a t Beavarlodge, 
Alberta , £how promise a> frUit-bear ng trees m Alaska. A limrted 
amourt Ol •mus - Frr.e bud wood has been introduced througll 
the Plant Materials Center at Palm er and has been grafted onto 
hardy rootstock at Palmer and at t he Unlyersily o f Alaska, Fa ir-

"GradUate Student, Horticultut'e, Agricultural E1(1)1!r iment Statio n, 
Fauitonks. 

• *Professor, Plant Physiology, Agricultural Experiment Station, Felr 
banks. 
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----TIP ROOTED TJP GI'?OWN 

F igure 1 Tissue culture of Cllfl!llt•on. Foflawmg thD Mraws: rh-. cutting 
IS obramed. Larger i f'llvt!J an. srrippl'd 41WifV, Mid rhen tlrff small enclosing 
/eav&s at thf' e;ctftimll tip are removed wah " u:llipe/ ar~d p/.IC«i on nut· 
rlenr m edia. M u lnpJ/c:ttian of shoot.& c;,lces piece in the culture Vtn541 
and raOtf!d p lillltS ITB rransferrt:'ll to normal pomng medliJ (Httrtmann and 
Kester, T915}. 

banks. Suds have also been isolated from Noret, Norda, and 
No cue and established on an agar based nutrient media using 
tissue -cui lure methods. 

It s not uncommon for a single plant of an otherwise' mat-
ginally hardy species 10 show Increased hardinass over p lants. of 
the same species when field tested lfl Alaska. These spec1men 
plants are good cand1dates for t1ssue culture s·nce bwld up of 
stock by conventio nal cutting propagot,on is a ~low process. At 
the present time, we have cultures established from two species 
of Prunus from hardy specimen plants selected hom Northern 
Ligh ts Nursery in Fairbanks. 

Another reason tor choosing ti~sue culture i~ for Its role m 
virus eradication. Since the ap1cal meristem (growing I ip} of an 
otherw1se virus· infected plant is often vi rus-iree, the produc· 
tion of "clean " mother plants is frequently posiible by culturing 
only the apical m eristem !Langhans et al., 1977; Mello and 
Stace · Smrth, 1 977). Elevat~d temperature of plants whtle st1ll 
in the culture vessel can also be used for viral ellm natio n 
(Monette, 1982; Walkev et al., 1974). Don Carling ha~ ]nitrated 
work a t Pa lm er which will provide d•sease·free potato stock for 
growers by means o f tissue culture. 

Plant pathologists, pla11t physiologist~, and plant geneticists 
also use t issue culture as a re-search tool. The controlled em•!-



ronment poss ible w1th this m ethod makes ira valuabll) adju nct 
to basit: fesearch. 

GENERAl TISSUE CULTURE METHODS 

Selection of Plant Matcrtal 

Act ive ly growing, juveni le tissues usuall y provide the most 
successful material lo >tar1 cultu res. "Juvenile '' is def nc£1 as the 
pllysiological state of a young plan· character Lecl hy rap•d 
growth. Stem cu ttil'gs fro m juven rl e tissue show increased roDt· 
i ng abil iry over c:u ttings f rom mature tissue. 

Sections of stenle seedlr ngs or swalllng buds dre the pre­
ferred ~xplant matenal (Gamborg and Shylu , 198 1). Tissues 
taker fro m tne ~p110g and r arl y summc, flush of new growth nre 
ptw~iologically more responsive tu issu e cutturc tha n those 
wh.ch are either aoproachmg the ir lformant season o . which 
have not hau l.hPit do rmancy requ irements met. 

Dlsmfection of Plant Material 

Since the culture medium is designed to provide an opli· 
mufti e nvironment for plant-cell growth, it a lso supports lhl:l 
growth o f bacterial , fungal , a n<.l a lgal m icroorganism~. If contarn-
inatio"l by these microorgan~sms s 10 prevented, they may 
over[Jrow tho plant cell s and Inh ibit their development. It i~ 

euentia l to elimimtte al l mtcroo rgan~sms tha con ta m inate the 
pla'lt nale rials pnor ro c ul1uling and to preven t recontamma-
lio n d uring subsequent handl ing operations. Drsinfection ot 
plat1t materials IS achieved by soaking In a solu t io n of 10% 
household bleach (sod ium hypochlor it~) o lus 0.1% Tween 20 (a 
surfacta nt which acl s a s a wetting agen } fo r 5 to 30 m inutes. 

Outer leaves o f the bud or shoot 1ip arc then i·emoveu 
wi\n scalpel and forceps u s in~ a dtssecting m rcrosco pe. The 
e:K:cisecl meristomatic ti p (unutfferent Bled cells ) a nd surro u nd-
ing ttssue are rr nsed 111 sterrle drst lllee1 water ::rnd t ransfe rred to 
sr£>rtle m ed ta in test 1 Jbes and th;, tub~ are ca pped. All haolll· 
lng ot o pen culture vessels a11d p lant s is doni! undffr a laminar 
afr flow cabinet to prevent contammat ion. Air i:; fo rced Into 
thl' cabinet through a bacterial fi lter; 1t flo ws forward over the 
work bench nt a un.forrn rate. 

ME DIA PREPARATION ANO FORMULATIONS 

The culture media are com posed of essential nutrients, vita 
mtns, sucrose (as an ene rg y and catbon source). and hormones. 
Major d ifferences in formulations are rt~lntcd to horrnonf' t ypes 
and concentrat iom. The two classes of plant hormones 1rnpor· 
ta l in 1is~ue culture are the cytok inrns and au xins. Cytokinlns 
promote shoot m u ltipl ication , making t hem u seful in t he early 
stdges of t issue culture (cu ltural stages are discussed in a later 
s£:"ction ). The cy loki nins which are frequently used are benzyl· 
adtm ine (BA ), N" · (2-isopP.ntly) -adenine (21P). and kinetin 

Auxins favor root form ation and nrc therefo re present m 
higher quanti ties in later cultural stagE's. lndole- 3 -acntic acid 
(IAA) and indole -3-butyric (IBAI are commonly us~! aux ins. 

Other plant horm ones such as gibberellic acid (GA
3

) a nd 
abscisic acid are 1Jsefu l in the culture of some species. 

A widB variety of med ia have b een re ported ( Recheigl , 
19771. The choice d epends o n the p lant species and, to a degree, 
upon the intended use of the culture. 

II 

F1gure 2. Comparisun o f effect of dfllsru,c hrHmOr!P.$ anrl diflt:rl'f! rfw f' 
mane races on the shoot multJpl/c.wan Jf 1\mJ!Ianc:n I' ~tnrfol a . Th• 
combination of BA and IRA at two dllf!rront rure~ :auset higher pm­
ldP.Tation than" medium conraming Krrrr-r1'1 and IAA .. 

CULTURAL STAGES 

As many as three or tour stages arc necessary b!lt\veen the 
t'me a shoot t ip ·s excised and a rew plant is growmg tndepen· 
dently in so il Establishrntm' oi rtte culture Is follow~ by a 
shoot · multiplication pha!W wrth roqting belnQ the tmal step 
pr ior tO planting n a SOli mo.Jia 

Establishment ot the l11•1ial l'Ul u re 1s of rl;! rl th•. most cruc1al 
st ilgc. Secondary, chemtcal ~,;om pour d.s, as,~o{' at~d wrt 1 lhl! 
shoot t1p of some spectcs, appear to inhibtt growth In some 
lnS1ances. When th is oc1 uts, illla ly recul1 unng on fresh tne<fum 
\s requ ired for seYera l weeks. O the• spE!ot;je$ seem to requite a 
p eriod of time to revert to 11 juvenile Slate w hich is physro log 
rea ll y m ore conducive to shoot multiplication t1an is more 
mature t issue. 

T he f irst two c::u ltu "' stages, namely cruullshment and 
mutt plrcat lon, are designt!d 'o promote s11001 proliferation 
a nd m hibit callus and root format on. The relatiVe conceotra 
tio ns o f the p lant h ormones, ·ytokrn n and auxin, rn the met i 
tUl'1 Influence these plant responses. A h rqh ratio or cymkmin to 
a~rx ln favors shoot p rallferation. Shoot mer'stems are an impor 
tant site for natural auxr'l production and some species respond 
w ell to m ultiplrcatlon medium wh1ch provides only cyto kinrn, 
add itional a uxin being inhibitory, Other species w th low end~ 
enous aux in levels may r~qurre a rnedlum w~1ch prov1des rela· 
tively low levels ot auxln5 as w ell D~ higher levels of cytokinin5 
fo r optr m um muhiplicat a n fi:lles. rigufl 2 shows the llifferent 
rates of multip !catron at three different hormone ratios tor 
Amelanchier alnifolia lse 111 cP barry) 

Th e :hird stage, In v;tra roorr g, is stim rlated by a high 
auxin- to-cytokinm ratta. Some ~~ies. root reauily on a media 
containing only auxin, whtle other species benefit from the addi-
tion of a small Quantity of cytokinm (e.g. Dianthus, FtgUI e 3) 
The in vitro (i n glass) rooting stage can som etimes be eliminat ed, 
as many species are easily rooted tn mist chambt:rs or hum dlty 
beds. 

Since the in VItro m icroCI ImiiTe has nl:lar 1om .. re lauve 
humidity , harde ning oft ond gradu\ll ac:chmat zation lo green· 
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Frgurr 3. In Vitro rooting. Rootf!d dianthut (carnation) shoot ready for­
transfer ro soil. 

housl! or fteld co nditions is required. Plants are remov~ from 
cultu1 e vessals and any nutrient mecra thoroughly w ashed off 
(mild a clinging to roots woulu provide optimurn growth con-
ditions for <~ir- or soll · borne pathogens)_ Plants are fi rst estab-
listn~d in a well -drained potting mix in humidity chamhers and 
slowly exposed to the less- hum td grr,snhouse environment over 
a penocl of 1 to 2 weeks. 

Table 1. Species in Cullure at Univenity of Ala~ka, Fairbanks_ 

Malus sylvestris (apple) 
cv. Norda 
cv. Noret 
cv. Norcue 
cv. Traflman 

• Prunus maackii 
(chokecherry) 

"Prunus besseyi 
bo ur pie cherry) 

• Ribes fruticosa 

"Lonicera carlton 
(honey sucklel 

Difftcult to 
Propagate 

Conventionally 
Genet1c 
Mutant 

Amelanchier iilmfolia Dodecachoan 
('SerVICe berrv) pulche!lum 

(white vanety 
Ametanr.hler north- at shooting 
line ~tor) 

Rhododendron 
lapponicum 

Rosa rugosa lrose} 
CY. F. J. Grooten-

dona 
cv. Magnif1c.a 

Mertlnsta 
paniculata 

(white var-etv 
of bluebell) 

"6PIK:tmens chOsen from Nonh~:rn Ligt ts Nur>!'IV m Fa,rbOJnks wt c:h 
have lhown excP.prlonal Mrdmes$.. 

PLANT SPECIES IN CULTURE AT THE UNIVERSITY 
Of ALASKA. FAIRBANKS 

A vanoty o f plant species are now being cui lured at he 
Umversity of Alaska. Fairbanks (Table 1 }. Most w~e Si!lec ted 
on the ba~is of one of three cntena : 

1. plants which have limited avl)•lability. 
2 . plants wh1ch arn d1fficult to propagate by conventional 

methods. 
3. genetic mutants selectad from the wi ld_ 
Readily availahle spucies, easily propagated from seeds of 

cuttings, are more economically propagated by conventional 
methods rather than usmg tissue culture. 

Prelimmary work a t the University of Alaska has ooen 
directed at est~:~bltshment and proliferation of a vanety of 
SpeCies. This Will b~ followed by J $YS!ematic COmpdriSOn of 
different rat ios anr.t rates o' hormones to determine maximum 
multiplica t ion rates and root1ng requirements for ea~h of the 
desired spee1es. 

Large, specialized nu series tn the U.S lnd Caoada havl'! 
already incorporated tissue culture into the1r propagatton 
sched ules (Matsuyama, 1980; Rees. 19821 The smdil space and 
low ligh t reqUirements needed for tissue culture make it a 
natura l winter complemam to tho existing greenhouse industry 
ln the stat!! of Alaska . Our reseat ch at the Unive1 stty of Alaska 
is destgned to develop techniques wh~eh can be used by com -
mercial nurserymen for the propagat on of desiratJie plant 
species. U 
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The Effects of Feeding Whol e-G rain Barley to 
Free-Ranging and Penned Re1ndeer 

By 

J. M. Blancha rd • , W. E. Hauer"· , and J . R. Luick • 

INTRODUCTION 

In 1979, the Reindeer Herders Association o f Alaska sta tec. 
tha rt->e overa ll , two fo ld goal o f t he reindeer industry was to 
prov P. a sta ble mea t supply and an e nhanced econo mic base 
for th~> peo ple o f no rthwest Alaska. In estab lish ing th is goal , the 
associa tion r.alled for t he applica tion of mod ern li vestock -pro-
duct'on ;.echn iques, inc ludi ng those hat wou ld be effective in 
red uc·ng infect ious diseases and would increase the production 
of high-qual it y meat . 

Deatn losses, at IP.ast in some herds, have been extraord inar -
Ily high on the Seward Pen insula (LLlir.l< . 1980). Until lhl$ proh 
lem Is sol ved , t he he rde rs' goa l o f aduevino a sta ble m eat and 
econom ic base canno t b~ mot . lmpro Yement of llusbandry p rac-
t ces n Alaskan h e rds is an rm porta nt p lace to beg in t n red uce 
hi!Jh deat h losses. 

Several a reas of the Seward Pen·nsu la cur ren t ly used fo r 
reindeer herd ing have imit ed quant itres of good win ter range 
!Cooperative Extensio n Service, 1980). This is a resu lt of a co m-
b lnat o n of factors such as heavy snow cover and the d estruc-
t io n of ranges by f1re and overgrazing. Reindeer that overwint er 
o n ~uch margina l rangela nds become u ndernourished and lose 
both body weight a nd cond itio n. They a lso seem to be more 
suscept ib le t o disease and p reda tion_ 

In Scandi nav . t hese enviro nmenta l co ndit io ns are o ften 
P co ntered d u nl] win ter. In order o improve nu trit ional sta -
tus. •ne re indeer a re fed supplem enta l rat•o ns co nsist ing of 
var ous feed pro duct s which usually conta in a high proport ion 
of cerea l gra ins (Sk jen neberg and Slagsvold , 1968) . In Austral ia , 
a I g ain diets have been fed successfu lly to catrle and sheep 
when ra nges become depleted by drought !Wa tson. 1975; 
Wa•son et a t. , 1975; Franklin a nd Sutt on, 1952). 

h a previous study (Blancha rd and Luick , 1980). we fed a 
mixed -gra in d iet (50% oats, 25% co m , 25% barlay) fo r 60 days 
·o penned re indeer du ri ng lat e wint er. T he gra in -fed reindeer 
m~ 1ntained body weights bette r t han d id reindeer grazing on al-
p ne t a iga pastu res during t he same pe• od . Therefo re, we pro -
posed t o invest igate t he perfo rmance of reind eer when fed an 
all - bar ley d iet o ve an ex tended perio d o f t' rne and when fed as 
a grain su pplement to reinciee r grazing on t u ndra ra nge in north-
west Alaska . 

"Graduate Research Assistant, lnst itu1e of Arctk Biology, Fairbanks. 
• •Anrmal Techniclun, lnltitute of Arctic Biology, Fa irbanks. 

• • •p rofessor of Nu1r1tion, tnstitut l'l of Arct ic: Bio logy, Fairbanks. 

Thr. develo pment of a cer~a ·grarn indl st ry m rnt c rior 
Alasb has p rovided a 51.)U rce o t r~l til. ly low :os1 tvest ock 
feed Ut lizat ion of b ll 113y from tht" Del a Agrrcu t&..ra Project 
could make supplemPnti'l feeJmg 01 Aid ka rei ' P-er econom-
ca ly feas ib le where the h qh cost or feed sh pped fro m o ut -o 
sta te so urces has histo r•c..rl hf'C proh1b t1vc. 

METHODS 

Long -Term Feed ing of All Bar ley 01ets 

The firsl phesc of our study tL:sted he pNfo rmance of 
pen ned re ind eer fed ,1n ;)II ba oy (whole grn•n I diet over a 
per io d of severa l month~. We were particularly i ntere~tP.d in d1 -

fmproving the d iets of A liJtk11 's rcindaer is om· way in which researc/1 
suppo r t s th is imp ortan t indusrrv. 
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gestive d isturbances which migh t be encountered when re inde.ef 
were red all -barley d•cts for ext<m dtld penods. Eigh t adu lt fe 
male re indeer were f ed a pe lleted live~tock ratio n (Quality Tex-
ture, Fi5her Mfl ls ) ad libidum for 90 day s prior to adaptmg them 
o an all-barley diet. The adaptation penod was 20 days in 

duriltion, beginnmg Jan uary 10, 1980. The reindeer were 
weighf!d al the beg-nning o f barley feeding and at frequent .nter-
vals thereafter unt rl October. Two reindeer, No. 7 a nd No. 68, 
were cont inued on the all -barley diet fo r an add itional 142 
days, unt il March 22. Dur ing this pertod , week ly body weights 
were ta ken and daily feed Int ake measured. Durmg August 
1981, d aily intake of whole-grain barley was agam measured on 
two reindeer for a penod of 14 days. One rein d eer, No. 7, had 
been fed an a ll bar oy diet for 20 mo nths while t he other, No. 
58, had been fed bar ley fo r the prev ious. 60 days. 

Barley Supplementa tion of Grazing Re.i ndeer 

The second phase of our study consisted o f feed in!J whole-
qrain barley as a supplement to free· foraging re indeer. The ex-
periment was conducted on the Baldwm Pemnsula near Kotle-
bue, Alaska, In coopcra tw n With NANA Reindeer Emerprises. 
The ~Ludy herd, which consisted of 77 reindeer, was d ivided 
into two groups of similar ago, sex, and bo dy weight. One group 
of 38 reindeer was herded d aily into feed ing pens and offered 
supplem ental w hole barley grain ad libidum for a period of 3 Lo 

4 hour~. t hen released back out o nto t he ra nge. The seco nd 
gro up, ca ntalnmg 39 reindeer, served as nonsupplemt:ntcd co n-
trols . The two groups were kept apart but graled on nearly 
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Table 1. Proximate Analysis of Who le-Gr•ln Barley1 and 
Oua l1ty Tex tu re (QT X)l on a D ry -Matter Basis3 {%). 

Dot 
Component Barley OTX 
dry m atter 91 .5 93.3 
crude pro tein 11.3 11.2 
crude fat 1.7 27 
neul ral detorgen fiber 4 2.1 68.0 
C8llulose 8.2 6.4 
hemicellulo se 29.8 58.0 
lignin 3.3 3.4 
ash 3.2 9.4 
; Sar'ey OIJtaincd I rom Alaska Farl"''~ (;oop., Oel!d Juneuon , Ala~ka. 

3 F1sher Mills, Seattle, W ~"lr>gton 
Feed analy~i~ compietr;d by Un,'>~e•,itY of AiiiJka, Agrlc;ll !ural Exper 1-
munt StatiOn Plant and Sail,; LabonHory Palm.,r, Alaska. 

ident ical p lant communities. All reindeer were weighed on 
March 3, 1981, prio r to the in itiation of supplemental feed ing 
and were weighed again at the end of the experiment. During 
the 37 ·day per iod of supplemental feeding, t he grain· fed rein· 
deer consu med an a•1e rage o f 1 lb. b!!rley/head/day 

Table 1 shows the nutritml compositio n of the whole -grain 
barley and pelleted !ives:tock ration (OTX I fed in all ex per i· 
ments. 

RESULTS 

Long-T erm Feeding of All- Barley Diets 

Dur ing adaptation to the ali- barley diet~. no digestive 
problems or prolo nged perrods of feed refusal were n o red 
Figure 1 5hows the mean body weight of e ight reindeer over 257 
days when fed ad libidum levels of who le gtain barley. Average 
dai ly gain fo r th is period was 0.22 lbs/head (S.D ... 0.02 lbs}. 
which resulted in an averagr: body we·ght ot 241 ibs after 257 
d ays, or a 31 % mcmase n the mittal weigh! of tho reludeer in 
this gro up . 

F igure 2 shows the body·weight change5 for two reindeer 
fed an a li -barley die over a 440 -day period. beginning January 
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Figure 2. Changes in m ean body weighr for rwo adulr tamale remdtNJr fed 
whole-grain barley for t4.5 months and for thrtte adulc foma/e reindeer 
grazing on alpine raiqu pasture! for 18 m011ths. 



T able 2. Body Weight Changes of Control and Barley Su pplemented Reindeer 

Contro ls 

Average Change 
In itial in 

Number Body Body 
of Weight Weight 

Reindeer (lbs} (! bs) 

Ad It Males 4 221 -0.8 
Adult Females 15 201 3.9 
Long Yearl ings 7 167 4.6 
Cc1l11eS _!L _1_?_9_ ~ 
Overall 39 170 2.9 

1980 and ending March 1981 . Average dai ly qain was 0.30 lbs/ 
heaurday for t he first 257 days of th is Lrla l. Th is resulted ln an 
average weight of 235 lbs, or a 50% Increase In the in it ial 
average body weight. During October 1980, these two reindeer 
lost an average of 18 lbs, which we attributed to •ut act ivity 
during t his time. F ro m the end of October t o t h e end o f March 
(1:22 d ays). body weights remained constant, ave raging 218 lbs. 
The changes in t he mean body weight of th ree reindeer grazect 
on alpine taiga postures over a 1!J·month period Is abo shown 
o n F1qu re 2 (C<imeron and Lu ick. 1972). These reindeer o b· 
ta•ne<l sim rlar pea k body weights at essentially the same t ime of 
year as the b arle y - fed reindeer. however, an average weight loss 
ot 23% o ccurred dur ng the winter month s between December 
anrl June. 

Daily dry- matter consumption was measured on reindeer 
No. 7 and No. 58 between day 315 (Novem ber 20) and day 437 
(March 22 } of this tria l. Average da ily d ry-matter consumption 
was 2.7 lbs (1.24 lbs/ barley/d ay/100 lbs body wt) fo r th1s 
pc1 iod. ln the summer, da ily intake of whole-gra in barley ln-
cr9ased to an average of 5.9 lbs/head1day (2.50 lbs ba rley/d ay/ 
100 lbs body wt) measured on two reindeer for 14 days in 
Augu•.t 1981. 

Barley Supp lementation of G razing Reind eer 

Table 2 shows the results of barley su pplementation in fr ee-
foragl!lg reindeer. The data are rresented for four cohort 
groups: adult males, adult females, long yearlings, and calves. As 
therr. was no significa nt difference between male and fem ale 
ca l.,re<; or yearlings, t he data were combined . Change in bod y 
weight is listed as the di fference bi!tween the in it ial and f inal 
body weight. 

Overall, the b arley-supplemented re indeer gained signifi-
cantly mo re body weight (p less that1 0.05) In b.oth po unds per 
animal and as a percentage of the init ia l body weight gained 
wher~ compared Wtd th e controls. The mean d ~fference was 7.7 
lbsthead (S.D. 1 1.5 \l:ls) mo re ga in for the barley -supplemente-d 
re1ncleer, w hich resulted in a 4.7% (S.D. ± 0 .9%) greate r gain fo r 
the su pplemented group. On a daily basis. the body-weight gam 
of the barley -supplemented re indeer over the controls was 0.2 
lh sihead/day for the entire experimental period. 

A ll barley-supplemented reindeer gained significantly more 
body weight (p less than 0.05) cornoared to the conHols. with 
lhc exception of the long yearl ings. The barley -supplementPd 

Ba1lcy S ppler 1eo t r.d 

Change Average Chango Chal'lge 
as 'Yo o ln"tial ir BS ')(, Of 

lnitral Num ber Body Bodv ln1t al 
Bo dy o f Weight Werghl Body 
Wei~Jhl Reindeer (lhsl (lbsl \'\Ieight 

-{} , 1 7 232 21 0 9.2 
1.9 13 202 6.9 3.5 
2.8 5 167 7 6 5.0 

..J.2_ 13 11 7 9 8 8.6 
1.8 38 1"711 10.6 fiT 

ad ult males gained more lrarl any other group w it, an average 
gam of 21 .8 lbs/hcad, or a 9.3rii inc rease in imfal body weight. 

DISCUSSIO N 

Long -Term Feed ing of All-Barley Drets 

The resu lts ndicatB that rerndoor perform comparauvely 
well wllf~n f ed a !·barley d iPts and that remdeer r.an be m ain 
taim~d 0 11 bari P.y throuQhoJt the year . Jn w inte rem-deer fed 
all barley diets lost little or no hody we1ght. as opposed to 
:ho~e ferl th~ pelleted hvestoe.k teed (OTX), but comumed only 
70% as much ory matter us reir•deer maintained on OTX feed 
(Blanchard et al., 1982 ). This <Jf)P<I• ant higher elf rc•encv 1n feed 
uLilization by bar ley-ted reindeer ll'Hly be a~ araif~ct resulttnQ 
from tl'a small number at rei ndeer (two) o n each rllel. However , 
body water and w holr. body prote•n tu nover • t!\Uits from the 
above st udy ind rcate thai'" ndee1 fed bar ley may hAve been 1n a 
different metabo lic stat '' han rhose ff!d oelltlted livestock feed . 
Barley . feel reindeer had a body-wa ~r I!Jrnover nne of one nair 
and a w hole - body protei 1 tu rnover rate one fourth that of ron-
rJeer fed pelletecl teed du ing the samo t1111e period. The cause o ' 
the apparent slower turnover of lhese co nstrtuenlS in bar-ley-fed 
reind eer remains u ncertain. By compariiiOn rerndeer fl:le-dtng on 
natural vegetat ion were u table to maintdrl'l hody weigh ts and 
condition th roughou t the w inte r month!> (Cameron ancf Luic ... . 
1972 ). Retndeer fed a ll ba rll.'y die~ fo ext ended periods ;Jp-
peared to be n very [Jood body condfttcr1 ii d peak llody 
weights obtained at the end of summer were equal to or higher 
than those obtained o n <Jnv other feetl rng (egtm!l tested In our 
experim enta l herd j l ull . .:k f!t al., tonpu bllshed). 

In Austraha, cereal yraln~ are considered a feasible replace-
ment feed for 'ihcep Jun ng drought (Watson e1 a l., 1975) . A. 
though considerable m etabo lk difficulties may arise when co n-
verting sheep fr o m natuml forage to all -grain d'ets (Watson, 
1975). we saw no ind caiion of such problems in our st~Jdtes 
with reindeer. This may, n part , be a ttr ibured ro the fact rhlt 
our re indeer had prevtously been fed a completl! pelleted I ve-
stock ration (OTX ), which con atn$ a subs tan ial amount af 
csreat gra in. Luick ( 1977) encoumered fatal d1gestiYe d isorders 
when reind eer were capt ured ·nd thcrr diet Immediately 
changed from u nd ra range to commt?rcJal livestock ra! ions. 
Howrver, it is not d ear [O wh a t extent I he stress ot capture <lnd 
transportat io n contribulecl to these deaths. Recent modifica-
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lions and improvements in shipping techniques have substantial-
ly reduced morta lity among to anslocated reind eer (personal ob · 
servatro n ). It remains apparen t. t hough, that any change in diet, 
especrally betw een feed s diffe ri ng greatly in nutrient compo si 
tion, should be gradual in order to al low for sufhcient rumen 
adaptation. 

Ro utine use of all b arl ey d iets shows great rotentia l in rein-
deAr, bu t may cause certa in reproduct ive problems. the exten t 
anct seriousness o f whrch have yet to be determined . Preliminary 
results ind icate rhat when barley is fed fo r an extended period 
(i.e. greater than 6 months pr o r to rut) there may be a decline 
in the pregnancy rate . In o ur small herd, tho problem may h ave 
been d ue to an infe rior herd sire. Those reindeer that become 
pregnant seem more suscept ible to abortion or tend to produce 
weak calves . This may be d ue to vr tamm a nd/ o r m inora! defi· 
c rencres, and rnay indicate a need f or a vitamin/minera l su pp le-
ment to al l·barley d rets. Co ntinued stlldy o n the rep rod uctive 
performance o f rerr deer fed all barley diets is rnd icated. 

Barley Supplementation of Grazmg Re1ndeer 

Supplemental feedi ng of smalf amounts o f bar ley to free · 
rangmg reindeer m w mter resul ted m a substantial positive 
werght response oYer a short period of ume. It appears t hat 
thn barley su pplemen t enables the re indeer to better cope with 
gra1ing on m arginal rangelands by providing a higher p lane o r 
nutrition when nat ura l feed Sllp ply is llm•ted. 

The eco norn ics of feeding supplemental barley to rei ndeer 
herds rn west ern Alns"a may ~eem prol1bitive al ftrst glance. 
The purchase price of barley grown ·n Delta Junction, Alaska. 
acco unted for o nly 20% or thu fmal cost o' barley at Kotzeb ue, 
AlaskCi , while transportation made up tho othe1 80%. Balancing 
our costs of purc hase and air rretght to the Baldwin Penrnsula 
against the resulttng body weight gams thal rEBu ll ed from feed· 
ing supplem en tal barley, the cost of lrve body weigh1 gain could 
run as high as $1.15/lb. Thus the herder would have to reca ve 
about $2 .50/lb of carcas; meat to break even, which is abou . 
$. 75/lh more t han t he wholesale price of c<lrCMs meat tn No me, 
Alaska (personal co mmunication, C E S., Nome, Alaska). How 
ever , weight gam rs no t lhe only POtentidl beneTil uf su pplemen-
ta l tced1ng. The supplementatron of small amounts of barley un­
der cen ain cond itio ns could decrease death losses of reindeer 
during periods of u nder nutrition or severe chmatlc stress. a 
facto r t hat has considerablE? economic sign fir:ance l Luick, 
1980). 

SUMMARY 

The results o1 our •Hudies show that Alaska grown l>ariGy 
can serve as a useful supplemental t eed 'for Alaskan n•mdeer, 
especia lly d urin9 wlnter mo nths w~en grazing conditions are 
margi nal. Result> also indicate that all-barley drets may be use· 
fu l d uri ng summer and fall for rattening reindeer prior to 
slaught er. Increased use o f barley grown in lhe state would seem 
llenefic ial t o both the reindeer and cereal-grain ·ndustries in 
Alask a, espec ial ly if the com of transportat ion can be rtxluc;ed. 
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Winter grazing lands in the Buckland Valley, shown above, m summer is a potent ial area of reindeer -caribou range rivalry 

Public Policy 
and the 

Future of Alaska's Reindeer Industry 
By 

Wayne C. Thomas• and Edward L. Arobio • • 

INTRODUCTION 

Public policy cont inues to be t he major force which deter­
mines rhe direction taken by A laska's reindeer i ndustry. It is, 
therefore, import ant to re late herd management to those majo r 
pu ~1l ir. - po licy decisions wh ich aff ect t he industry. Po licy imple-

+profassor, Economics, Agricultura l Expe riment Statio n, Fairbanks. 
••Pimning Coo rdinator, Alaska Agric ult ural Action Council , Office of 

th Governor, 15 14 Cushman St., Fairbanks, A K 99701. 

mentat ion sometimes re:aults m conflicts for Lhl:! various. entit les 
Involved, and identif ication of those ~i tu tl tiOn~ which r esult in 
conflict should aid undentandiog of th1 s comprnx reS(JUrce ac­
t iv it y In A laska. 

A CHRONOLOGY OF PUBLIC POLICY 

Domest ic reindeer tRang1fer tarandus} were nrst import ed 
int o A laska's Seward Peninsula In 1892. T he Esk m os of th<1t 
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Figure 1. Ovr!rlapping land-management reuJonsibilities have created areas of potential conflict and in me case of filii NAN A , Hudley and Henry perm1t 
are.JS, reindeer-caribou range rivalry as well. 

regron were perceived by outside observers to be In grea t neetl 
of add itional food sources because o f declines in bot h sea and 
land mammals (Lantis, 1950). In parricular, the west e rn Arc t ic 
cari bou herd , t11e pnmary la nd based game resou rce ut ilized by 
the Eskimos of northwest Alaska, suffered a serious decline 
between 1850 a nd the turn of the century (Skoog, 1 968) . lni-
ttally, church-relat ed efforts rather than d irect government 
porcy led to [he tmpo rtatto n of re•ndeer from Russia. With in 
two years of importarion , however, rhe United States govern-
mont took over spo nsorsh·p of the prouram. Th1s actio n set in 
motion t he co nt inu ing public -policy positior, of the Un1ted 
States toward reindeer, tha t is, to support rourine participatio n 
in reindeer husbandry as a means to exwnll the food base and to 
create employment ·n some areas of ru ra l Alaska. 

By 1915, t he total number o f teinueer in Alaska was esti-
mated t o be at app roximately 70,000 a nimals. Nat ive people 
owned 46,000, and othe r yroups owned 23,000 (Stern et al., 
1980). These reindeer were largely the result of natu ral increase 
of 1280 animals impo rted from Russia in 1892. This growth can 
be attnbuted primaril y to fa vorable natural cond1tio ns of range 
<Jv<J iabillty and relat ively mild winters duri ng rh s ea rly period. 
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A second reason f or this growth was relat81.1 to the d is-
covery of gold in Alaska. T housands of people n1oved to Nome 
o n t ha Seward Pemnsula and other areas in search of gold. 
Concerns by t he Un ired States government over insufficient 
food supplies for t hese new immi9rants led to expanded gov-
ernment invo lvement tn agriculture, mcluding remdcer ( fhomas, 
1981; Berton, 1958; Stem et al. , 1980). 

Lack of restrictions o n retnclee t ownerships perm1tLe·d 
non - Natives to o b ta in an mcreasing share of the reindeer 
industry. Non ·Nat ive sal~ of re ndeer meat were directed 
to the cont inental United States in an anempt to avo id conflicts 
wi th Nati ve leaders fo r the loca l mark et (Olson , 1969). As the 
min ing areas ma tu red. machines were subst ituted for men; the 
population decl ined; and local market s lot rei ndeer declineJ . 

T he uneasy re lationship between Nat•ve ~~~ no n- Nat ive 
reind eer owners remained until t he G reat Depress•on of the 
1930s, when ex port markets co llapsed. Durtng this 5ame t ime, 
reindeer had been increaSJniJ throughout the terntory of Alaska 
to, by some accounts, over 600,000 a nimals (Hanson, 19521. 
This cnsis of lo st markets and mul1 1ple ownership was resolveu 
by a maJor public- policy deci~ion to remove the right o f non-



Nat"ves to own reindeer in Alaska and w compensate the losers. 
This w ts accomplished in the Reind eer Act (Public Law 75 ·413) 
o f 1937 and with some modification 1t remaim the cem.:r piece 
o1 Uflited States reindeer policy to th is Jay. 

The effect o this leg islc~lion was ;:o reduce the United 
Stat<!S govern ment roe in r!! indeer 10 rn nge protect ion and 
acqu .. nt ing 1erd~n w ilh more eff icient techniques of herd 
manag m ent (Stern et CJI. , 1980). Until 1962. the responsib il ity 
for the range re<tcd with the Uni ted States Department o f 
l nt~rio , Bureau of Indian Affa irs. Beginni ng in 1962, th is 
funr.t•on was assumed by the Unit ed States Department of 
lnler;or , Bur·eau of Land Management (B LM). The major goal o f 
t he Re indeer Act - t hat of Nat ive ownership - has been 
reacted, bu1 the complexities of the present -day situation were 
pro baby not apparent in 1937. 

The mdust ry wer t -n o a major decli ne during t he 1930s; 
and hy 1948, rei nd eer numbers in Alaska had fallen to less tha n 
50,0 00 an imals_ Severa l reasons have been suggested, includ ing 
ovt' qnzing, predat ion, and especial y large losses to migrating 
ca r bou herd s. Many of the younger herders became disasso-
ciatoo with reindeer because of invo lvement in World War II. 
The r.-.dustry ret reated to the caribou -free Seward Peninsu la and 
becaiT '! a village- related activity . 

More recent public -policy d ec isions and market forces have 
brought further change to the industry . In 1959, A laska became 
a state of the United States and, as a part o f the Statehood Act 
(PL.Jbl c: Law 85 - 508), was given the right to select approxi-
mately 30 per cent of t he land w it h in sta te boundaries. Some 20 
yeq s later, as part of its overall land ent itlement, the state has 
seiL~tl"d approxima tely 45 per cent of the Seward Pen insula. 
RerndE er herders now must face not only Federal but al so state 
ldnd managers. 1 

t"1e third significant nat ional legislat ion which affected 
Alaska reindeer herders was the 1971 Alaska Native Claims 
Set tlement Act (Pub lic Law 92 -203). 1t allowed Alaska Natives 
to select lands from the public domam and c reated with in the 
sta te of A laska twelvll, regiona l, fo r c rofit corporations owned 
by hr Native peoples asso ciated Witt- each region. The regional 
corpo ra tio n who se area lay in the nor · hern part of the Seward 
P11n1nm a was NANA. NANA acquired its fi rst re indeer in 1975; 
howl.'vor, because of t he for -p rofit natu re o f the corporat ion, 
reindtH!r herding, like any o ther o f its activit ies, was a business. 

Nevertheless, a so cia l factor, food security of regiona l 
Nal v people, was also an important consideratio n. The western 
Arcttc car ibou herd went through a serio us decl ine durrng the 
period 1970-76 (Adams and Robus. 1981); a nd the regional 
corporation, NANA, by increasing control of the reindeer 
ind;Jstry, was attempting to provide a m ore stable food supply . 
Wr hm three years, NANA controlled the largest reindeer herd 
in tto_ state and t'1e only one in which close herdi ng was a t · 
tumpted. 

NANA was a lso involved w ith the major marke - related 
ev~nt of the industry during the 1970s. I 1977. it carried o ut a 
sealed- bid auction for green antlers (in velvet) and received three 
t rmes the price tha t most other A laska reindeer herders were 
recervmg at that time. This auct ion e mphasized the economic 

1 Ni~ll\le village and r 'lJitHlal corporatiOns anr oliO recervrng Title to land rr 
r~tr1deer herd ing '" as. T he ,.!feet th1s w II havP on cur em hHrders ~ 
unci tr a t this t imtr. 

Table 1. Land Management of Grazing Permih, 1982 

Agcncres Having LJnd-
M nagcment Res IOI1Sihrlrty 

Head State of 
Perm rt Holder quartt: s Alaska BLM NPS 
Oun~nig (NANAJ Kotzebue X X X 
Karm u n Deer ina X X X 
Good hope Shishmor nf X X 
Weyiouanna Shishmaref X X 
Ongtowasruk Wales X X 
Olanna Brevrg Mission X 
Tocktoo Brev rg ~ission X X 
Kakaru k Telle X 
Sitnasuak Nome X 
Davb Nome X 
Aukongak Golo v• X 
Gray Nome X 
Henry Koyuk X 
Sagoo n ick Shdktoo rk X 

aland fo which th stat to." r Cro>vf'(l rentalive appro•t · The IU~tre has 
also sel ct ed Ia !I" h lod. o .he I don rh e«•e:rn S w..rd P ·n ns rl 
fo Whrctl It '1iiS no t Vel II"Cf'l\'00 I 1'!8(1'11.1 ll >pr<rv l. 

po tenti I of til e lnd uslry and has I•J to many o1 the presen t 
day todust.Iy conf icts. 

ThP. fina l, major, public- poliCY legtsl;ltion to aHect !he 
Seward Peninsula was 1 11 ~ A a~ka Ndtional Int erest land s Cor 
servation Act of 1980 (Pub lic Law 9G- 487 1. This transfe rs ap 
prox imately 30 per cenr of the ptminsu la to a Jhm Federal go v-
ernment agency, the National P,rr k Servrce (NPS}, pa t o f the 
United Stat es DeparTment of I nterto Thus, public -policy dec 
sio ns have taken land n ;magcmentout of a~ mplm , one-agency 
system and placed it n d rnult ag••ncy framework , r>a ch wrrh di f-
ferent goals fo r land usc. 

CURRENT MANAGEMENT St TUATION 

In 1982, t here were 14 permit holders on o r adracenr ro the 
Seward Peninsula. Total reind"er ·n these nerds • re estima· '!d 
to be 20,500 in rhe summer o 1981 Wrth the exc eptron o f the 
NANA regional co rporal on herd a .d th, Sitnusuak village co r-
poratro n herd, herds are owned ard managed by tnd viduals 

Reindeer ha11 e t·adr ronal y urazed o n puu ic lands From 
1962 until just recemly, al l thes .. r .. nges wP•e m.1naged by th .. 
BLM. Grazing perm its cou d lnitrally be o btarneJ for up to tt!n 
y ea rs; m recent yea rs thev have been for one yt:a r. The only 
charge for the u se of I he gr zrng lanlJs has bNm a $ 1 0 pe m it ·i •l· 
ing fee. Now, herders neeu o apply to different fcderal and/or 
state land managers annually , depending on location o f thPrr 
allotment, to o btain grazing permih. In some instances, p crm rts 
may have to be obtained from severill ag nc es (Table 11. 

In order to exped t th e permrttrng process, he stat e an~J 
Federal agenciei have at'tl!cd to allow t'ie B LM to rece ive JJI 
appl ications, distr ib ut t '!11'1 to othtlr ag nC' es, recet\re them 
back, a nd then return them to 1e ownPrs .hlthough these 
agencies have d'ffer ing ,,nd -management regulattons, an effort 
is being made to keep egulntrons as star>dard as possib le, 
Whethe r or not this co ntirue!> n t1 e future ·s d'fticult to deter 
m rne. The possibi lity ex ·:st~ that h rd owners may br faced w ith 
a w ide variety of regu la rions for SlJCh things .Js corra l or cab tn 
placement , snowmach ine use, o r stock ng ratt.s ro m d ftercnt 
land managers. 

Awoburt•Jlrs Januery/1983 



Table 2. Re indeer o n the Seward Peninsula, 1960-19~t0.1 

Yeor Number Year Num ber 

1960 18,529 1971 NA 
1961 16,405 1972 19,828 
1S62 17,940 1973 17,387 
1963 18,880 1974 NA 
1964 20,449 1975 20,600 
1965 18,944 1976 17,425 
1966 22,168 1977 17,800 
1907 18,795 1978 NA 
1968 16,369 1979 19,900 
1969 17,009 1980 NA 
1970 20,292 1981 20,500 
•For ·•c y &<H 1960 · 1977. e~timates o f reindeer numbers can be four.d 

m Stern 1r1 al., {1980) . Est ma(es for 1979 Pl'td 1981 were bast!d on sum· 
ml!r handl i r- g tal 1H provided by the AI $lc.;J Re.ndee< Herderi Assoct 
tton. 

For the m ost part, herds are individually owned, loosely 
herded . and graze over w ide areas. The herd owner may rmt sec 
his herd for long periods of t ime, particularly in t he summer 
month$. NANA, however, is trying to implement year -long 
close herd ing and a system of •otat ional grazing, Some owners 
of he smal er herJs are attempting rotational grazing, but have 
not tr eJ close herd ing in the sum me·. 

Most herds have fewer an imals t han t he maximum num ber 
pe mltted by their grazing permits. Severa l herders are •n te r-
ested .n expanding thr.lr herds, but this has. been difficult to 
accomplish, as evidenced by the relat vely stable number of rein· 
deer on t he Seward Pt!n insula since 1960 (Table 2) . Some ex· 
[Jilnsion can be expected in the next seyera l years d ue to efforts 
now berng made to graze rangelands more eff icient ly, Improve 
an mal health, and reduce handling stress. Substant ia l econom ic 
advantages of improved herd managemen t have been reported 
(luic , 1979; Arobio et al., 1980; Thomas et al., 1983). 

CONFliCTS THROUGH IMPLEMEN TATION 

The basic policy ins truments have been id entified: Rei n· 
deer Act, Statehood Act , land Claims Settlement Act, and 
National Interest Lands Act. These give powerl! w t he imple· 
mentmg agenc ies t o carry out the purpose of each act. Conflicts 
an5.e when public lands t rad itionally associated with reindeer 
actiVIty undergo a change In land managers or land - manage· 
mcnt ph ilosophy. There a re two new governmen t ent it res which, 
with tn t he past th1 ee years, have a ken over !and- management 
respo nsib ilit ies on rhe Seward Peninsula . Those are the NPS and 
the State of Alaska, Department of Natu ral Resou rces . 

The NPS is generally regarded as the chief conscrvat w n 
agency of the United States, and a m ajor characteristic of its 
management is hmitlng the interference of human beings in 
designated natural or h istorical envi ronments. Herd owners who 
ha11 a permits on lands now under the managem!lnt of the NPS 
(the Benng Land Bridge National Reserve) are in conflict with 
trndit•onal NPS m anagement approaches (F igure 1 ). This is 
panicularl y ~ev idenT when t he herders use snowmachines to herd 
reindeer, or use low- flying uircraft to round up an imals and 
maintain corrals fo r an tl l!' r harvest. Restrictions by lhe Park 
Service on any o r these activities wlll de facto re move retndeer 
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from part of the peninsula I Stern at al , 198.01. T u date, tht 
affected rmndeer herders are conducting bus· ness as usual, and 
the Nat ional Park Servtce has been considerate of 11erders and 
thei r concHrns; however, the legal base tor change ex rsts and is 
of potentml co ncern in the r e~ndecr herding communrty. 

The state of Alaska 1s the second new land manager. lr has 
selected lands o n the Seward Peninsula for th11ir eco no mic poten· 
tial, e.g. mineral development a nd rcinde~r grazing. The st,Jte 
go11ernment appears fntertlSted In restr icting human conduct 
o nly to prevent abuse of lands. G1ven lhat perspf.'chve, the state 
governm ent has land·permit statutes which could, if lmple 
ment ed o n t he Seward Peninsula, mean substantially h igher 
costs for use o f the land t o the affected hard manager than the 
pruvious B LM permrl applicaton fee. Since the 1930s, while 
revenue per herd was low, the case for perm1r fees was rarely, f 
ever, considered . With rncreasetl revenue from antler s.~les, the 
abil ity of herd owners to pay land fee~ ha<,; Increased and so, 
apparently, 11as the state's irlterest in applymg grazmg fees. The 
problem of course is that thosn herds not on state land s Will 
benefit From lower fees should the state act unilaterally to raise 
its h nd charges. This will cause conflicts betwean the affected 
and no naffected herd ers as well al> between the affected herders 
and the state government. The potential exists for three sets of 
fees : one on B LM lands. another on NPS lands, and a third on 
state lands. The need for wordmation here is readily apparent, 
but .s not assured. 

The second conflict has to do with land-management phi· 
losophy _ The re indeer industry in Alaska WllS established as a 
food-producing ac tivity for Eskimo peQple. It was selln as a 
means to improve the1r suhsistence lifestyl~ by providtng a more 
secure food source. Herds were established not or~lv o n the 
Seward Peninsu la, but also on land areas to the east, north , and 
south. In 1948, only 10 per cent of the reindeer were located on 
the Seward Peninsula. Since then, ta ilure of many herdii due to 
poor management, losses to canbou by loose herdrng, and pre-
d ation has resulted in the m ajority of remdeer being restricted 
to the Seward Pen insula With the rnmalnder on offshore islands 
(Olson, 1969).2 This reduction has led to reth nkmg o t Fed eral 
policy implementation by prevailing governmem bureaucra ts. A 
rise in na t ional interest regarding protect o n of the natural envi· 
ronment apparently was a part of th is " new" Federal po l ic y of 
reindeer containm ent. 

By t he 1 970s, Alaska reindeer had come to be regarded as a 
part ot the Seward Peninsula and ofishore Islands. A recer t 
attempt by NANA to e!!.pand its reindeer operations outside the 
eastern boundary of the penrnsula has led to co nflict with the 
BLM. As reported by Adams and Robus (1 981 ), NANA tool< 
control of the Hadley permit m 1980 . The co rpo1 atton pro-
posed to increase the number of reind eer an the permit area 
above B LM carry ing -capacity rates and were p lanning signifi 
cant use of the w;f1te r range tn the Buckland Valley. Th!l Had ley 
fam ily had rarely used this part of tts allo tment. 1 his valley is 
a tso ra nge for the m igrating western Arc tic caribou hertl and drc 
rivalry for the same w inter range caused concern at BLM. 

As a resu lt, tha t agency has temporarily excluded NANA 
fro m the Buckland Valley and is de¥elopmg regul tTom. specifi· 
cally for p ubl ic la nds w1th potential reindP.er ·caribou grazing 
co nfl icts . The agency, although noting that compromise is 

2 A small herd IS located at Sto!bbms VII lag~ on millnlond Alaska iu~l 
sourh of rhe SeWOird Peninsula. 



poss llle . has indicated that. where conflicts over grazing exist , 
remdeer will be excluded from this ange or other arens of 
confi.ICI (B LM, 1981 ). This effect ively prevents any new r~rn · 

rleer operatro ns o n any BLM land areas outside •he Seward 
Perr nsula. 

Potential overgrazmg was not the only fac to r. Klein (1980) 
repor ; that. even with close here11 ng, some losses to caribou 
cannot be avoided Thus va lid concerns from BLM's perspective 
were evident . BLM 's approach, apparen tly, Is to deemphas ize 
human cornmerical use where this may lead to wildlli e conflicts 
on publ ic lands, except for Seward Peninsu Ia reindeer ranges. 

CONCLUSIONS 

The Alaska rnindocr industry stdrled as a means to provrde 
!letter lood securiry f or Eskimo people of Northern Alaska. The 
industry was com111ercinlized ":JY non-Nat ive people and t hat 
WilS ueemed unlawful by a ma.or puolic -pol icy decision. As long 
as 1 remaine(i a semisubsistence actiiiHY o* the Esk imo. it was 

lefl reasonabl y fr ee of go11e nrm m re-~tricrro.,s. l l!o tho 1 970s 
grea1er environmAntal awarenes:; witl11n tl'l') Uni ted Stat!!~ c()in 
cided With retrenchment o t the lnr1usny 0 1 tho Seward 0 enin 
su la. Further publrc -polrcv leci ~rons wh1ch creilted corrmcrcial 
Nat ive corporatio ns wi th the reso ces to ooderteke her tl m an 
agement , ircluding c loser "lerdlng, have loo to oroposals for ex · 
pansion of the industry beyond •t~ current borders. At laast one 
Fedc•al agency , tha BLM, rs o~ctively tryi g to retard the indus· 
try, at least relat;ve to now land areas. 

In addi tio n, lands on the Seward Penrnsula huve n~en sep-
arated into un its under he a~rs ol rJ.ffenmt land-managinq 
agencies, mak ing 1 eirrdeer management mme rhrtu:-ul t . Depend· 
lng o n the aggressiveness of NANA and other 1 einri"P• herd 
owners, the period of th~: 1980s wulrt be one o f subslant.al 
confl icts among l!! nc.l managemen agencies and between agen 
ciE!S and herd owners. ,-

Edrror 's No te: This is an i!IIP111siqn of a pil(J~r givcrl bv til~ 11tfrors at the 
Third l ncemational R"lndf't'riCaffbou Symposlum, S<>iln.~c/ka, Fin/end, 
Augu .1 1', T982. 
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Does Feeding Crab Meal to Dairy Cows 
Adversely Affect Milk Taste? 

By 

A. L. Brundage 

INTRODUCTION 

The third and most comprehensive fcedmg expe riment on 
the use of crab meal in d;my feeds has been completed at the 
Matanuska Research Fam1 of the University of A laska. Th~ 
primary objHc rive o f t h i5 study was to obtain inrormat ion for 
use n making practical recom m endations fo r feed ing crab meal 
to milking da iry cows. 

One quest.ion treQuently raised during investigat ions •.vith 
crab meal , has been possible adverse co nsequences o n milk 
filSte . 4t the start of research with c rab meal several years ago, 
a few samples u f milk were tasted to rule out the possibi lity o f 
major p roblems With rnilk q ualuy. As I p rogressed toward for· 
mal reco mmendations on the use of c rab meal in da1ry feeds, 
I rf!co!)nized that lhe qu r.s ion of milk qu al tV l1ad to be ad 
dre-;sed in greater detail. It was not su ff icient to d em o nstrate 
that dairy cows would eat feeds containing crab meal and main· 
tain cred itable levels o f performance; reaso nable confid en ce 
was required t hat m ilk of acceptable quality was produced W1lh 
no object onable taste. 

EXPERIMENTAL PROCEDURE 

Five pelleted concen tra tes (T<~blt.! 1) WQre fed to thirty 
Holuein cows from th~ 6th through 17th week of lactat ion 
in six random ized blocks during 1980 -82. Blend ed ratio ns 
of barley /o at silage and corlCentratc were fed ar/ libitum in 
~qual portions o n a d ry ·matte r br~sis. All cows were fed the 
same, positive-contro l rat io 11 for 3 weeks priot to assinnment to 
on11 of th e five concentrates in Table 1. Concentrates were 
formulatrd to contain 22 per cent crude prot em, with crab 
protein replacing 0, 25, 50, 75, and 100 p er cent soybean 
protetn Becau se ctab meal is lower in c rude protein than 
soybean meal , m ixed feed oats were used as a fillor to be deleted 
from the mi~<UJre as crab meal was add ed to replace soy llean 
meal. Monoca lclum and d 1calc•um phosp hate were delated f rom 
concen·rates co ntain ing crab meal because the shell content of 
crab meal was considered an adequate source of catc1um and 
pho~IJhorus . 

Milk q u al ity was assessed by single-blind taSit! evaluation, 
wherein m ilk ev;;ILJotors did nor k now sam p le identi ty. Samples 
of m•lk were taken d u rfng tho 2nd week of each 3·week per iod 
and randomly sequenced for evalu at•on by dairy personne l. 
Each s.et of samples Inc luded o ne sample fro m the b ulk t ank at 
the research farm . Evaluat ors were asked to r ~nk the milk from 

•Profeuor, Animal Scienc•. Agrlculturel Rts~arch Cenrer. Pelmer. 
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1 to 20, Wtth lower scores mdiwatmg greatPr ac<:eptab11ity. 
Because p<:~rticipants were not experienced or t 1amw 111 mi k 
taste evaluation, they were a.ske<;l only to ratr samples. according 
to acceptability and not to define reasons fo r unacceptabl11ry. 
I assumed that if partic ipants could no t comi!>tem ly distmgUish 
milk samples accord ing to acceptab1htv , m ilk qudlity w &s not 
be ing affected by concentrates fed Bu lk tank samples gaye a 
s1andard referonce p o int f or each set of samples evaluated 

Statist ical analys;s of the rlat<J was by least squares (Harvey, 
1975; Harvey and Thomson, 19691. accordmg to the mathemat· 
ical model d efined In the box (on h e next page). Ot primary 
interest in the analysis were he relativP. rat lllg<i for m•lk fro m 
cows receiving the five concemrates. Because replacement of 
soybean protein by crab prote1n wa<; proportional from 0 to 100 
per cent, t he four degrees of i reedom for diel Wftf'l! subset into 
o rthogonal components: linear, quad atic, cub.c , and quaruc. 
Th is approach ·s predicated on the assumption that if m;tk 
acceptab1hty were rated d ifferently accord mg to diet, consa 
quences o f d iet on rmlk qualiry might be expre5sed by a more 
com!Jiex relat ionshi p than a simple hnear one. A ~imple linq.ar 
relationsh ip betw ueo c rab meal and milk taste implies that each 
ad ditio nal un it of crab meal in the d et has an equal impact on 

Table 1. lngred umt Composition of Concentrate Mixturl!'!. 

Ingredients 

1 2 3 5 

Corn 4.9 4.9 4.9 4.9 4.7 
B;u ley 45.0 45.0 45.0 45.0 45.0 
Mixed feed oats 10.0 8.3 5.3 2.3 0.0 
Alfalfa mnal 10.0 10.0 10.0 10.0 10.0 
L•mecd meal 7.5 7.5 7.5 7 .5 7.5 
Soyb ean meal 19.0 14 0 9.5 5.0 0.0 
Crab meal 0.0 7.5 15.0 22.5 30.0 
Molasses 2.0 2.0 2.0 2.0 2.0 
Mono caic ium phosphate 0.4 0.0 0.0 0.0 0.0 
o ·calcium ph o sphate 0.4 0.0 0.0 0.0 0.0 
TrBcc Mineral Salt 0.8 0 .8 0.8 O.B 0.8 
V itamin A - 2,000 IU/Ib. ----
Vita m in D2 -- 6.000 IU/Ih. ----

11 1 100/0, 2) 76 /2 5, 31 50 150. 4) 25/76, 5) 0.'100 10ybean meal/crab 
meal on an ;soni tro(JCnou$ basi;, I, cl'l!lb meal rcpla"ecl wYb4!!1tn me<~l o n 
1h11 b;)sis of niuogen content . Crob meal O!l•ng o v:ar in l'olrogen , more 
than o ne uml of crab meal was required to repl&ee each un 1 of soyb P.an 
meel . 0 11r abjecrlvu here w.~" to hall!! al 'llriOn> fen on un oqual proteil'l 
uRJI~ 
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milk tas.tP. in~pective of the <J moum fed. One might fin d, 
howe\lm, tna1 the ad clitlo11 of crab meal to the d et. to a given 
level, would no l af-fect mil k t aste but that i un hr. r additio ns 
would adversely affect milk taste in w eater proporti on with 
eotch unit added . The expenrnenlal design perm itted us to 
evaluate th1s relanonshi p between amollnls of crav meal fed and 
m1lk tasta m increas ing levels of complexit y, each independem:. 
o r ol1h flgonill to I he olhers. 

Var rab hry Is a fac:! o f life in most e xperimentation and o ne 
p.utpOSH rlf rutistlca l analysis is to account for effects o f li ttle or 
no interest in orde r to view m ore cl early those of pr imary im· 
portance. In this experiment , the a tfect of year~ ~ 2 ) , ev< luators 
(101. anrl certa in interactions of these ln add ition to t he effect 
at cJ iet were included in tl1e analysis. Scores fo r sampl es from 
til e bulk t <1nk were u~ed for covariance adiustment of d iet 
scores. Covar iance is a statistical procedure used to adju~t obser-
vatJOn.s accordi ng to well - d etin~d r&lat •onshiPS prior to ~atisti ­

cal analysis. Subjects who gave high scores to samp les f rom the 
bul k ta nk may be m o re disc rim inating than those giving lower 
score!;, anrl the ir scores g1ven to milk from caws on expe.ri · 
memal dir-ts may rllflect this d iffe rence . Therefore, adjustment 
an the basis of scores yiven a standard may place scores given 
mi ll'<. fro m cows on expe rimenta l diets on a more equ al basis for 
compari son. The gene ral linear model used in the analysis 
prov1deci Weighted means on the basi s of a•1ailab le data. because 
although all ten evalua tors t asted milk from .all fi ve die ts, 
extenuating circu mstances precluded havi ng every ev.a luator 
tasm ove ry m ilk svrnp lo. 

RE SU LTS AND DISCUSSION 

Mean taste scores give n to m1lk from r. ach of the five d iflts 
by each evaluator are shown in Figure 1 It is obvious th at when 
asked to rate samples on a scale of 1 to 20 , diHer;mt evaluators 
5et ct iffe ren t standards for th emsel ves, ra nging from 4.4 to 10.6 
for tho ten evv luators across all five diets. Ditferences between 
evaluato rs were h i!J hly ;;; ignificant tp<. Ol) However, when rat -

Fl!]Urtt 1. Averaqe taste l CDf'!1.f fro m {t} most a.cceptaiJie Ia (20) /tJusr I!H:· 

r:epwtJ iu given /Jy r:;Jch o f tfl.n e1tafuatars •n milk pmd~t:P-d 011 five r!ifns. 
Diets we n> 1} 100!0, 2) 75125. 3) 5015(). 4) 25115, 5} 0/100 soy(man 
mtMI/cr,,b meal on all 'sanitrogenous b~i&. EBt:tt sc-ore is shown !JS .l t)(Mir. 
at th e intersect ion qf diet ilnd t'~,J/unrot em rtru rhref!r·dfm'!n$.ton81 grapll. 
Acw 11l vafulls tm: .lliVen for diet (l) :reores a;l' refetem::e w scar;,:; oo rlttJ 
other four d if]ts. 

in{ls were consrdered for mdlVidual evaluator~. Figure 1 show5 
that lllc1lviduals were consrstrmt acro$s milk ftom all rlrats. Thus 
if they mmd one sample lnw (very acc:eJltable l 1h~V tended w 
do so tor all samrles, and vice versa . This woocs.ts that then• lli a 
greater differe nce between ta~tll dr~cr·m rn ation by eviliUatOI'i 

than t hr.re is in the percf!ived lase of milk from cows on dif 
1-erent diets. 

Mean tasm sco res giVen by all evaluators tom lk from each 
of the five diets are sh own In FI!JUte 2 Score~ ranged from 7 .S 
with rro crab protein in lhe d1et to 7.4 when crab protem re-

f5 

to 

5 

2 .!! 4 

DI£T 

Figure 2. Average ta_. te scareJ .vlw" m/1/t ptOducvd tm five diet5 w~ ra ted 
f rom ( 1) m ost accep table ro (2(}) I~.Jt ac:-c.P.ptfrbfp hv ren f!ll(lfU.twrs. Oit1tr 
were 1) 100/0, 2) 75/25, JJ 50150~ 4) 25/ 75 51 ()/ 100 royiJoon mb"<Jilcf1lb 
meat on an isonitragenous oasis. 
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placed 25, 50, o r 75 per cr.nt o f soybean p rotein to 8.2 when 
crab p ro teln replaced 100 per cent o f soybean pro tl!tn. These 
differences d id no t app roCJch significa nce. F igure 2 sHggests lit · 
tl:! difference in taste SCOres for m i1k irrespectiYij Of d iet , llfXI 

stat•~tic<JI ana lys.is substa ntiates tha t our ten evaluators were 
unable t o d isttngu ish a mong m ilk samples. T his ob servat io n as­
sumes grea ter importance when o ne co nsid ers that one set of 
m ' lk samples came from cows receiving no crab meal In Then 
diet w hatsoever. 

Th ese observa t ions on milk taste enable me to p lace other 
results f rom my nut rition research in proper perspective. Few 
people would f ind c rab meal a n appoti7.lng substance, and, rn· 
dt eel, individual cows in the Universny of Alaska's dairy herd 
have found concentrates containing substantial amounts of crab 
meal unacceplable to th eir taste (Calcaterra , 1982). Resu lts 
trom the feed mg exper iment recently completed are yet to bP. 
summari7ed and ana lyzeci sta tist cally. Howevor. I c.an state 
uncquJVoc.ally from prPi iminary o bservations of cows o n experi· 
rnents tha t feedmg c ra b meal <~s 30 per cent of the concent rate 
feed e xceeds the level I w1ll recommend for routine feed for· 

mulation. Consequently, we do not anticipate that h~eding crab 
m ea l at reasonable levels to dairy cows w·u adversely affect milk 
qual ity . On t he contrary, we will exceed the cow's tolerance tor 
crab meal in het feed before we exceed her abtlrty to di!lest and 
assim ilate this mater al Without adversely af1ectrng mrlk taste. 
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Western Directors and ARS Review Team in Alaska in 
August 

The lOtnt m eeting o f the Western Association of Agricul -
tural Expfrr iment Station D n ectors and Western Regio n ARS 
Adm1mstr;uors was held in Alaska August 5 through 9, 1982. 
The group a.rrlvect m Anchorage 0 1 Augus 5, and mee t ings of 
the Research lm p iPmen ta t ion Commtttee and the Executive 
Commit tee w ere held there that day. 

On August 6. the grou ps toured agricultural areas in the 
Matilnuska Valley The Western Directors Associa tion rnet at 
ihe Mat- Su Com munity College in Pa lmer the same day ; 
meet rngs w ere chaired b y Dr. L. W. Dewhirs t, d"recto r o1 the 
Ari1ona Agricultural Expertm ent Station. 

The follow11l{l day , the western d1rectors continued t heir 
deltberatio ns in a private car on th e Alaska Ra•lroad e n ro ute 
to McKrnley Na t ional Park . On Sunday, August 8, the grou p 
took ttme out from its work schedule to take the Tundra 
Wildlife Tour at the p ark. and then continued by train north 
to Fa1rbanks . 
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The Western Director'~ Meetings concluded o n August 9 
on the Universrty of Alaska·Fatrnank~ ~ampus. Following 
ad journment, The groups toured thP. Delta Agricultural Project 
area and visited with local farmers . 

During the visit to Alaska, <1 CSRS ARS review tP.am r~ 
viewed the Alaska Agricultural Experiment Stat•on programs 
at the stiltio n 's Fairba nks and Palmer Research Centers. Mem· 
bers of the review team wr.re: 

Dr. Chas. M. Smith, Sa ri Scientist, CSRS-USDA, Wash · 
mgto r. , D. C. 

Dr . Dennis L Olden$tadt, Associate D•rector, Washington 
State AES. Pullman 

Dr. Wi lson H. Footer, Associate Director, O regon A ES, 
Sale m 

Dr. John Vetterltng, ARS·USDA Director, Rocky Mountain 
Area, Ft. Col li n s, Colorado 



Notes 

Dr Robert F Cullum has joined the Fa irbanks sTar of the 
Alasil:a Agricultural Experiment Station as a11 assistant professor 
of agncultural ong neori ng. Dr Cullum w II be working to bUild 
a re~aa rch rrogram jr, ttis fie d w11h emphas s on plant and 
anitnill envi ronmt-nts, energy resourc!!s for agr icull ure, and 
p10cess enginee ring tor agr icultu ra l producl~ . His du t ies pr i-
martly will invoiVI' 1 esearch in agricuhmal engi neer ing dtrected 
tow1rd the needs uf aiJriculture l development In the north. He 
wrlle lsu be teaching courses in his fiold . 

Dr . Cullum received his B.S. In Agricu ltural Engineering 
from the Un ivers1ty of Tennessee at Knoxville in 1977. gradu-
ating with hi~h honors. He received his Ph . D. in 1982, also in 
agPculn.u al enginee11ng. Dr. Curium's hobby imerests 1ncludo 
archery, hiking, and bikmg. 

Dr. Wilhern B. CollinJ, tho fi rst Hl'itructor of range man-
agem~nt <tl the Unlvers,ty of Alasl-.. a '" now the firs t <Jssistarn 
p ofessot of range management at the U of A. Dr. Co lli n-s moved 
from lhe Palmer R!!search Cente r to the Fairban ks cam pus to 
assume his new role . In doi ng so, he became rP.sponsible for 
teaching the fi rst coLr rse in range management offered at U 
ot A. 

Dr . Collins's rese<trch du t ies are with reinoeer range man-
agement on the Seward Peninsula. Except for some studies by 
the Alaska Dept. a t Fish and Game, reindeer range resea rch has 
not l;l~oen conducted in that region for almost 50 years. 

His research wi ll address such problems as ckter min ing 
proper mtensity and frequency of use on range sites in north-
western Alaska, as well as evalua ting the availanllit y and quality 
of forages used by reindeer on those sites. 

P;,trick V. Mayer became a range tech nic ian at t he Palmer 
Research Center In April 1982. Pat has a B.S. in range manage-
ment and so ils from Washing ton Stale Univers ity. Before 
com ng to Alaska, t' e was a range tech1:1i cian fo r the Bureau of 
Lant.' M&nagemenl in Rawlings, Wyoming. He was previously a 
foteitry technician on the Siskyo Na tJona Forest in Oregon. 

~at is energetic and enthusiastic 1bout his current assign-
mem on the Susitna Hydroelectric Project. In addition to 
betng a part of the summer fie ld crew, n() is a lso in charge of 
drying, weigh ing, yr inding, and cataloging the thousc;nds of 
soil and plant samples which were collected during t he field 
season. 

Dr. William D. Ste lg,~ rs , J r .. assumed a position i!s instructor 
In rlmge management at the Palmer Research Cent~ r In June 
1982. Dr. Stc igers Is only the second person to holl.l th is posi-
tron at the U of A. Dr. Sleigers rece1ved hi s B.S. { 1976 ) imd 
M.S. ( 1978) degrees in wi ldl1fe at !.he Universi ty of Idaho . He 
cornol~led a Ph. D. ( 198 11 at Brigham Young University in 
range management and wi ld life. During his Ph. D. program, Bill 
took courses at Utah State University and conducted habitat -

use and mule door !awn n>ortality esearch in Sourh Dakota . 
His research experience w r wild If!:! dhtli! se 111:1 p rtrcularly 
valuable to the AES stud e:; currently underway fo r 1he pro 
posl!d Susitna Hydroelectr c Pro,ecL Bill was raised on a f<nm i•1 
Nez Perct CounHy, Idaho <Jttd br ngs prnct cal as woll as aca-
dem-e expertise to the e ... perun~nl ~1r~II0!1 taf! . Dr. Stelqers and 
his wife, Sharon, hnve two ~ons, Chadron and Mdrk. 

J ames G. MacCrackcn became <1 range ocologist At the 
Palmer Research Centot In Juno 1982. This is the fust range eco 
iogist position at the U of A. Jim is original ly from Californ ia 
He attended Pasadena City Coiltl1]~. Cal if.; Adams citate College 
of Colo_; and Colo rado ~tate University. He received a B.B.S. in 
wildli fe luoloyy C!nd ij M S. In ran13e ecology II'CJtn Colorado 
State University . 

J rm specrah zed tn dretary 1m a lyses of predator and re!J t ion 
ships bmween wi ld li1e and hilbi t Jts. Prior to hiS com •ng to the 
Uni vetsi1y of Alil~kil, hP worker! tor the U S FortJst StHV ico. 
Rocky Mountain Fo rest and Rrnge Expett rn ent StJt.on, Ra pid 
Ci ty, South Dakota . He ha; worked extensively 111 lhe Idaho 
National Engineering Laboratory >tte between ARCO and Idaho 
Fall$, laaho. His expari1mces vary from basic wildlifa eco-
log ical research to studies ·nvolving w ldlife o~rd dome<tic live-
stock. These types of reSP<JfC'It .,,~ o 'Jre.,t itT f.K)t d 'lCe w 
Alaska a~ var ious energy, m ner , itrld agrir.Lt ltur·l r uvelopmenls 
proce~d -

J •m a;; proven to bl' a ompetent researd 1:1 w•th an m-
press rve list of publtcations Ht c.illlc to the Pi.llmer Research 
Center with h igh recommendations. 

Dr. Dot J . Helm has oocom o ros,a•ch associate at the AES. 
The position. t itled pt<Jnt syr ecolouist. i IVOIIIPS research o n 
piant comrnunr ty ecology. Dr. Helm received rer Ph D. a• 
Colorado State UniversitY rn 198 1. He1 d tr,senat•on focused on 
comparisons of vegetat ion diversity nd•ces . thrm rel.Jttvo values 
m desc r ...oin~ vegetation commun +•e~ . ancl 1hr r ~tJtr,ticol cha~ 
acte ristics in teSllllg hy1>01heses TillS ,ype of eS~drCh I ~ espe 
cially usefui for tpantlty• 1g impacts ilnd mitcyations of vano u5 
develo pmental projects on wild dnd tJCgetat1on. Fl'deral regu la 
t ions require that reclamatiOn effort~ restore no1 nnly •he vege 
tat ion cover. but also the V\l'!Je'ation <l'versity lllat ex isted prior 
to the developmental effort. 

Dr. He lm is continut!'1g work whicl1 she befJan on the 
Susitna Hydroelectr ic Pr OJeCl. She has. also rnvesr]gated plant 
communiti es at the Usibelli Coal Mrne, the proposed Beluga 
Coal Mine, and o n the bison range neor Dcltu June~ ion . Prior to 
becorn ir1g a resoarch associ~t e, Dr Hrd m v. as a range te<:hn ician 
at the Palmer Re~earch Center. She has a B.S_ in mathematiCS 
(Umverstiy of Delaware}. M.S. in comput'9r ~Cil'rl~ (UtitV!'rsi ly 
o f Mich igan ), and n M.S. m quantitative eco logy (Colorado State 
University ~. Most recently, Dr. Helm has earned her pnvlltE 
pilots license . 
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IN MEMORIUM 

Dr Curtis H. Dearborn, who reti r~ci from the Palmer 
Research Centf!r o f the Alaska Agncultural Exp eriment Stat ion 
fn 1981, 1f ed of cancer tn Anchor<lge ~n May of Hl82. 

Or. Dea rt)Orn w<Js o 11e ot Alaska's fo remost hort icullurists. 
For '110m lhHn thtrty years, he conduc-ted research or~ cultural 
prac ices for pot<~toes , garden pea~, l~:auce, and s1rawbernes; 
t''e possh ili ty o1 peas as an Al11skar frozen-food product for 
local d istrrbutron; and, especia lly signif,cant to Ala5kans, deter· 
m lr>'lt on at ltgh t quality ava ilable for crops. 

After h1s rememert, De. Dearborn cor11inued vmtlnR the 
re>ulro; of his • uny yea s o resea ch and was continuing a num-
ber of pro ject~ at hi~ home in Pa lmer. He was :Jiso continumq 
to pursue hi5 work w1th Esk1mo Vll laqes m the Kobuk Rrver 
Valll!y m order to help the r~s1dems grow potatoes for local 
markets. 

Dr . Dearborn will bl! m·ssed by h ts colleagues and by the 
many Alaskan who knew h is ded•cation to im proving one aspect 
of life in this state. 

He is su rvived by hi;; wife, Dons, h s ftve chtldren, and sev· 
eral qrandchtldren. 
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