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Introduction
Yellow starthist le. a facultat ive l inter annua] na-
l i v  l L ,  l hc  \ [ - , l i l , . r r . r ne .111  I , g i , , r r .  i -  r r . e l i , ' u -  r r r ' -
gclantl teecl in thc rvestern f,nitcd States (N{addox
ci al.  19[t5), occupying an cst imated j ] .7 mil l ion
hn (Roch6 and l toch6 t99l ).  The l irsr pernrancnt
rccord of '-e11o* starthistle in Srashington is :rn hcr-
bariurn spcr. inrcn col lected from Seatt le in I898
(l loch6 and Talhott 19{:}6). S i thin 10 vears. resi,
clents of Vhiskev Crcck clrainage olColumbia ancl
S'al la \{ al la coLrntics in -*ourheastcrn Washingrol
lound 1-ellou stanhistle in an aifaUa seeding (Roch6
19651. Aftel an init ial  lag period, popularions ap-
lrearr:d to erplodc on rangeland in Colurnbia
(iountv. cxpanding irom 60 h:r in 195,1 to,1.00()
hairr 196,1 (I toch6 1965). Ranchers' lears rhar vel-
l os  - t r r t h r - t l e  r . o r , l , l  s , , u r '  do rn i r r r r t t  l Le  l oo th i l l
rangcland of the Bluc l lountains of Washington
arrd Orcg{rn pronlptcd studies of vel lot starthist le
e , . ' 1 , , ; : r  l u  i , l en t i l r  - r r r i r unn re r r t a l  l im i l -  tU  i t -  c \ -
pursion. ancl life hisbrv characte stics that t'oulcl
pror. ide options ibr i ts conLainmcltt .  [ ,nfortunatel l .
vt l lorr '  stalthist lc populat ions <rrnt inued to expand
on Pacilic Northwcst rangelancls (Roch6 ancl Rochi'
19BB) and crrrrcntlv receivc nrajor emphasis in
both counl-,_ and state lelel Iccd control programs.
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VegelaLion of the natural gras,. lands in south
. r - t - r n  \ . r " h i ng to r r  l u ,  u rne -  d , , r r r r : r n t  i r r  - , rmr r r . r ,
. r r o i ' l i r r e  -  r - un . r l  \ r l - r  s t r i : - .  l n  - t r i l , i nB  '  un t ra - t -
vcllolr'staflhis c lcmains r.igorouslv active. llowcr-
ing and proclucinpl seecl in July and Arrgust in these
cornmunit ies. In thcory. i f  the nal ivc bunchgfas,c
communilr dcplctes the soi l  nroisture in thr: pro-
ce-rs of trrnplcting its groNth cvcle bv earl,v sum-
mer as described bv Daubenrnire (19,10). r lrought
' ! tould rcst l ict seed production irr ycl lo$ starthis-
t lc. giving Lhe competit i re ecigc to the perennial-r.
( l l r r - -  t L ,  i n te l l ' r - t i r r g  r ,  l l u r  - t a r t h , - t L j -  - r r r  ce : s -
Iul invasion of thcse bunchgrass rangeland,. ap
peare.l Lo l;c in the distintt spati:rl pa[ern ofvello$
- t . r r t l r i - t l e  r l , , r n i n r r r cp  on  - , , u th , . i r . t  t o  - oL r th \ \ u ! t
facing slopes. especiallv aleas of modcrate to dccp
si l t  loam soi ls and i ts consl) icuous absence on
north-facinEi slopes {)r sp:usc stands on shallow.soils
(Roch6  1965 ) .

Begirrning r l i th the palcrn ofvel low sl i i r thist le
invasion in souLhcastcrn Washington. this papo.
reporLs a scl ics of olrserr.at ions :rnd studics con-
ducted from 1963 through 1974 on the biologv
ancl ccologv of ,vcl lorr.  starthist lc. ' lhese inclLrdccl
thc bchavior o[ vcl lov stuthist lc roots ounng cs-
tabl ishrnent ($inLcr 1966-67). rhc responsc oI



vello\r stanhistle to reduced light (winter I969-70),
and thc diffcrcnccs in vellor,". starthistle invasion
of establ isherl pcrcnnial grasscs undcr dif fcrcnt
rnanagernent s,vstems (197I 7.1).

Methods and Materials

Natura commun ties: sites and observat ons

Natural plant communit ies in Pa_,-ne Holbw.
Columbia County, Washington, rvcrc uscd to in-
vestigate the pattern oi invasion of a vegetational
rnrrsaic n ithin thc A5,rrplron-liesttLca zonc \I)atbcn-
mire 1970) in the fooLhil ls of the Blue NTountains.
Hot. drv summers chalactelize the alea, and
\rintcrs arc colnpnratir.cll mild for thc latitudc (46o
l r '  \ r .  { r . r r g -  l n n : - t ,  r m  r n n r r . r l  p n t i p i t r t i , , r r
(1901'I9ff)) r'as 49.6 on. with 92o[ received Ot-
tobr:r through Junc ( l 'hi l l ips 1970). \{  i thin thc
Agroptrtt I'estnca zone. \eric -qites supfofl the
lytupr"r.P",t  . t ' "". i  l iun rrn, l  ,  uul,  r .  Inur, m, - i ,

si tes are dorninated bv rosr (Ro.ro spp.) and snot-
berry lSnrtphoricarytor ol6us) (Darrbenrnire 1970).

'l 
he I'ayne Hollol, site $,as situated at an eie'

vatiorr oi525 m behlcen t lo cult ivatccl f iclcls" ap-
plorimate!- 5 ha linced separalell and hi-qtoficallv
g r . , z ,  J  , , n ] ,  , , , . , - i , , r , . r I L .  Th , .  - u i t  , . r i , *  r , . r .
mapped as an ALhena si lL loarn (f ine-si l tr .  rnixed.
mesic l':rchic H:rploxerolls) (Harrison et al. 1973).
'I'hc 

soils in thc study area appeared as intergrades
within thc sr- 'r ' ics. induding l i thosols on thc shal-
lolr end. Ber:ause the mosaic inclrrcled shallow soils.
thc sturlv sitc hacl ncvcr bccn orltilatccl. -soil dcpth

and development raried from 12 crn *i lh arr Lrn-
dilferentiated proiile to I52 cm *ith well-
clcvolopcrJ horizons. A soi l  plobr $'as uscd to se
lect I0 stands r i thin this range oisoi l  depths rvhich
hacl relativel,v unilbrm lithin stand soil depth. Size
ancJ shapc ofstands l,".crc not uniibrm. but rangrd
in sizc florn 50 to 200 m in vidth and length. Slope
and asped \!ere recordcd fcrr cach stand. runging
fr-orn solth 3" west to south 59o casl on 32 to 50y0
slopes (Table I).  To deterrnine seasonal $'ater
potcntial changcs. t.ll'o soil samplcs n'cre analvzed
from three randonr locaLions rr i thin cacfi  sland, al
15 cm depth intel lals. on 19 NIay, 2 Julv and 29
AugLrst 1963. S atel potentials $,ere determined
using standard plessllle rnembrane plocedures
(Richards 1941) and r,". l ter content determined
gravimurically. Siatcr conlcnl l,".as aLso clctcrmined
aL - 1.5 [{Pa for samples Lakerr 19 l \{a1- ancl 2 Julv
as a rou€th estimate of state ol soil moisture availa-
b i l i t v  t o  p l an t s .

On,1 Apri l  1963 covcr and frcclucncv of ,vc]-
low slarthisl le and bl!ebunch u'heatgrass werc cs-
t inated on 25 plots that rneasured 2 bv 5 clm
equallv spaced across the longer dimension of each
stand. using thc canopv-cor.crage method ol
Daubenmire (1959). In adcl i t ior. vel lorv starthis-
tlc density r\,as estirnated on hnll of e:rch plot (2
b,v 2.5 dm) on.1 Apri l  and again on 7 Julv.

To dctcrmine rooting h.rbit antl depth rl
pcnctfation, rools of l0 ranclomlv ,.clected l-ellolr
slarlhisl le planls *ere careful lv crcavatcd from
deep soi l  prof i les on ear:h of three dates 1,1, Apri l ,
6 Jul,v ancl 28 ALrgust).

TABLE l. Topographic feanrre-.. soil depth. corer aul frequercr of blueh u nch rheatgrass arrd r dlor shrthisLl{. i,, l0 nuds in
l ' r rnc l lo lkrr .  Col lmbir  Cdul ! .  \ l rshnrgtor  on l , \p 1 1963. lnd nor lh in le densir \  on 7 JuL!  l9rr : ] .
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To in\cst igate aspecl ;nf lucnces. anolhcr '  studv
r r r r . r  s . r .  - ' l ' ,  t - , 1  r l  r l r .  P a r r r e  H , , l l " r '  - ; r e  s h - r ,
a knili:-edgc liclge exlencling cast to $est l)rovided
an abfupt transit ion fn)ln nor1h- to south-faciDEl
slopcs. The northcrlv aspect *as clominateri  bv
ldaho fescLrc l!'estut:a iduhoensis). u,hilc the
southcl lr  aspecl. norm:rl lv dominuted by blrrc-
bunch $hcatgrass. u,as occupied b,,- '  yel loi t 'star-
thist le. Observ:rt ions o1 vel lor,;  starthi-st le densitv
and soi l  rnoisture $ere rccorded in Apri l .  June.
Julv ancl August 1963.

f va  Ld lo ' l  o '  ' a c l o ' s  w i t l '  d r  t ' i c t a  l ,  es l db
ished plants

' lhlee 
sLrrr l ics to te-st obscnations in natLrral com

rnunit ics, including loot el(rnj{al ion" response lo
shade. and invasion of establ ished perennial grass
stanrls. t 'cre condrrctcd at the Steffrn l tcsearch
Cc'ntcr at Pul lman. \ \ 'ashinglon. on a south-facing
(1860) 5 to 20% slr4rc. The soi l  tas a Palouse
si l t  loam (1ine-si i tv" mirerl .  mcsic l 'achic Uit i t :
Haplorcroi ls) (Dorraldson 1980). Ar,clage long
lcrm annual prccipitat ion uas 52 crn. rr iLh 9070
receirr: t l  October through June (Phil l ips I965).

Root e ongation study

To obser, 'e lhc rate ol root dongation and roscttc
dcrclopment in vcl lorv starlhisl lc, pldnts werc
grorn in 52 mrn r 123 cm Pyr.er tubcs. These
wcrc insel led irr rnctal sleeles lruricd in the soi l
al a 22.5o angle irorn vert ical.  Tubes rrerc l i l led
rr iLh si l t  lonrn soi l  frorn the site. On 26 October
i966. germinatcd plumed and plurneles-" vel lou,
- l , r f t l r i - r l F  . , , . 1 -  r r e r e  1 ' l r r n t r  , l  i r r  t h -  r , , 1 '  , , i  -  p . r -
f i r lc tubes. each rr:pi icated l0 t irncs. 

' l 'he 
rubes

tele l i f tcd to record r)ol length and fosctte di-
amctel on sLr(,ccssive dntes Lhroughout I inter and
earlv spring (Tahle 5). On 10 June. plants tere
ronor.ed lrom thc hrbes b1'genLly f lushing the soi l
f iom the tubcs l i th a -"Lrw strcdm oi waLer. thcn
t.,ps ;rnd roots tere ()vcn dried and wcighed.

Shade study

To studv the elfcct of light reclur,tion on vellot srar-
t l r i - r l - .  1 , l . r r r t -  r \ c r c  ! r ' , \ \  | | . ndc f  r r r l -  , , 1  S r r .  ,
clothl l 'hich reducerl arnbienL l ight lcr.cls to 70.
53" ,15. l l7. 2?. 20 and 6oi of ir  l  sunl ighL. A-
f ialne Lenls 183 cm long lcrc constructerl  l i th a
(onl inuous !ent along the top. onc cnd open and
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thc opposite encl cquipped u,i th u srnal l  electr ic fan
for air vcnti lat ion. Tcnts wer.e siruatcd rdth the
lcngthl,ise dirncnsion from cast to $'est on a south
facing. 9?o slope. Each treatnlenl \ras replicated
tt ' ice. Under cach shade r:oncl i t ion. yel lou starthis-
tle was grorrn in lubcs to measure root gro$,th and
directlr in the soil to mcrsure plant sizc and flolrer
production. Tulrs lere br,rricd in rots 45 cnr apart
ancl 68 cm anav irom the edgc ol the framc. at
22.i>o ftonr veltical as in the root elongatidr studt
l i th l0 trrbes pcl l ight lerel.  l ' loth direct seeding
and seeding i l  the trrbes rvcre done on 3 C)ctober
1969. Due Lo thc dn fbl l .  i rr- igation vas neccssarl
lor sccd gernination. Canvas soakcr hoses lcrc
used lo rret the soi l  lo 1.5 cm unLil  lhe seedlings
emer-ged. Thc tubes lere tatcred to replacc rnois-
lulc lost 1() e\ 'apolat ion in thr- ' top 5 cm. On 14
Novembcr. vcl low starlhist lc planLs were thinned
to onc pcr tube arrd lo 15 crn apart rr i thirr r .orvs
in the direct scccl ing. and the shade tents wcrc set
ovef lhc plants. On I B Novemher 1969 ud 2: l
March 1970. r 'oot iength. sizc of largesL lcaf, and
distancc f iom that lcaf to the groLrncl \rere mea-
sured on Lubc-grown plants. On 7 Julr 1970. the
heighl. rosctte area anrl number of f lorr.ers per
plant lere rercrdcd for dilect scr:cicd plants, nhich
were then han'csted. [ 'eight ol abore ground bi,
omass was recordecl for olen dricd plants.

lnvasion of seeded grass

Four species of rangeland [oragc glasses ncrc cs
t:rbl ished in plots 2.7 r2. i  n br seerJing.l .7 cm
spacccJ rots dLrr ing thc 1al l  ol  1970. These in-
clucled t l ,o sod forming specics. f)ahe inrerrrccl i-
ate r lhcatgrnss and T,un puhescent r\ ,heatgrass
lELtigia itennedia (IIo,.t) Nevski). and two
bu nchgrasses. \o rdan cre-.ted w hcal gr$s (Agr'r)p1.
ron desertorum l.Iisc:h. ex T,ink) Schuhes) and Whir-
rnar bluebunch r,hcatgrass (Pseu.doroegneriu
.spicara (Pursh) A. Love ssp. irennis (Scri lrrrcr &
Sm.) A. T,or.c). Nomendalure lbr grass cult ivars
lol lor s L.S.D.A. Soi l  Conservation Scn ice (I992).
'Ihe 

four management Lfcatment-r includcd clipping
it l  onc of three t imcs ([ ' lav. JLrly, October) and no
cliplring. simul*ing light conditions unrJcr a canopv
ol grazed at b(rct sta€le, grazcd alier llo*cring.
grazed at r ipc-seed stage. and not €iraze{J. Each
treatmcnt $as repl i( .alcd 4 t imes in a randomized
complcte block dcsign. ( i l ipped plots wefe.rrt  to
I0 cm hcight t ' i th a Cravclv" 'moler. cxcept the
ccntcr mz ofeach plot in uhich thc gr:rss was hand
cl ippcd, leaving Lhc yel lor, staf lhist le planls



uncl ippcd. The t l ipping regime began lnl l  of 1971
ancl continlred through summcr 197,1. Each ial l
bcginning in t9i-t .  ye1lot st:rrthist le seeds n'ere
plantcd 2 cln apa brlNeen the ( enter lhree roh's
of ear:h plot of the establ ishecl glasscs. Thc nun-
bcl of sceds a, 'ai lable ior potential establ i- .hment
did not remain unifblm through thc stud,v pcliocl
bccausc somc addit ional seed las produced b,v
su((essfLrl  ;-el lou starthist le plants in 1972 and
1973. lhis pattr:rn approx;mi,r les natLrral condit ions
of lello\r sta histle inlasion.

Thc nurrbcI ofvel low slarthist le plants in each
plot was recordcd on I Octobcr 1973. and 2l
Apri l  antl  l3 Septcrnbrr 1974. Cenerat onsen'a
t ions of starthist le height. phenolopry and scccl
ploduction 1{crc also rccorr lecl.  No daLe were
rernrded frrr 1972 because ol sevele rodcnt dam-
gc t{) thc pl) ls.

Stat stlcal analyses

Thc strcngth of thc associat ions bet\r 'een starthis
Lle cor'er and soi l  depth and moisturc. and planl
responsc to l ight rcdLrct ion r!erc quanli f ied using
Pearson's correlat ion cocff icicnt. Slu(lenL's L-test
\!as Llseal to compare mearl root len€tths, r'osette
diamctcr and biornass betvieen seedlings from

1 , r ' r r r r . d  a r rd  1 , l r rm" i " - -  - e " J -  i n  l l r ,  s i r r l ,  r  r u , , l
elongation studv. Tn grass vafieLv e\perimenls.
slat ist ical cornparison oi me:rns \r i th unequal vlrrr-
ances ancl uncqual samplc sizes nas done using
Tuke_"-'s Honestlv Signiiic:rnt l)iffercncc Tcst

{ ' loothakcr l993. Klxrkars and Sax 19U6).

Results and Discussion

Observations in natura commuf t es

In the ab-.encc of rnajor- cnl ironne'nLal distur-
barrces. _,-el lor starthisLle had invrded arcl domi-
natcd blucbunch rrhcatgrass communiLies on the
deeper soils ol southeast- to southwcst-fircing sloprs
i l  P r r r r -  l l ' , 11 , , " .  \ e l l ns  - t , r r t l r i - r l e  co rc f  \ r -  po : i -
t ivel,v colrelated ir=0.94. I 'S0.00J) l ' i th incrcas-
ing soi l  dcpth (Tablc l) .

Dif fcrcnces in lrhenology betueen bluebrurch
$,heatgrass and vel lolr starthist lc in lhc slLrdv area
lere sLri l ing. On l9 \ Iay. bluebunch lhcatgrass
las l lorrering and lel low statthisl le plants lere st i l l
small  roscttcs. 7 to l3 cm in cl iarneter. Orr 2 Jul1-.
the bluebrrnclr wheatgrass bore mature seed heads.
fetdning some yellor'-grccn colol onlv in thc lowcr
portions ofthc bunch r,;hcrcas yellow stlrrLhislle was

just cntcl inl i  i ts reproducti \  e slage. u iLh fe*er Lhan
106 oi the heads sho$,in€i vello\{ iloters. On 29
August. cxccpt for shrul is and rel lx slarlhi-(t le.
the r.egctation hacl mrturrl and rras rlornranL. Yel-
lo\r slarthistle lias still producing a fel ilolers. al-
though most hcads lvere maluring and di-cpefsal
ol plumed seeds had begun.

Excavalion of vel low starthist le rools l iom deep
soil sites revealed a consistcnt Iooting pattcl n. liach
sccrl l ing root develofed one primalr taproot with
short scconclarr branchcs. Bv 4 Apfi l .  tal)roots of
fill-germinated velloN starthistlc pldnts cxcccdcd
30 crn. although r{)seltes remained less lh:rn 6 cm
in diameter-. On 6 Ju\", plants glowin:i  on dccp
soil. avcraging 25 cm tall. had taproots with a rncan
,1 .1 ' t l r  , ' f  o r ,  cn ' .  T l r "  . r n l ' r ' . r n "h - , 1  I ' r i r n l l r \  r oo l
habit continuccl thloLrgh thr- 'growing seasorr unti l
2tl August. lhen the priman taproot $irs obsc'rrcd
to ha,'e lrranched rhere it re:rched I'r'olen lc,cr'
9l  cm belot ' the soi l  surf ircc. On shal lru'  soi l  si tcs.
rool depth was restr icted bv rock.

In thc tcn stands on lhc south-lacing slope. rel-
lor\' stafthistle coler and densitv lrere relatcd to
soi l  rnoislure. Co,'er of ;-el low sLafLl isl le \ras highlv
correlated l i th total soi l  moisturc on l9 l \ la,r
( r : 0 .913 .  P<0 .001 ) .  on  2  l u l v  ( r=0 .92 .

l ' <0 .001 . |  an t l  on  29  Aug r r sL  ( r : 0 .95 ,  P  <  0 .001 )
(Tables I to 4). Co|relat ions bett 'een vel lo$r star-
thist le cor.er and soi l  moisturc in crccss of 1.5
N'lPa orr l9 l \ lav (r:0.t l f l .  P<0.01) and 2 Ju\ '
( r : 0 .75 .  l ' <0 .05 )  $c rc  a l so  s i gn ; f i can l .  I r e f cen t
sur,'ival ol rellow st:rrthistle betileen 4 April and
T lulv did not increase uiLh soi l  depth (Table I).
f)ensitv reduction was apparcnllv duc lo scrcrc
cleplct ion o[soi l  naler in the top 130 cm in al l  soi ls
(Tahles 2 rnd 3): bv 19 I lav. onlv l .(r  cm rralcr
renraincd in thc shal loucst soi l  (12 crn) anrJ by 2

Jul.l- rlaLer in the top 30 cm oi soil in all stancls
tas hckl al lcnsir)ns greater than 1.5 N' lPr. ,4.1-
though _vellor\ stfithistlc roots LrnrloLrbtcdlv c\lracl
soi l  moisture at greater tensions. these lalues in-
dicate a pattcrn of soil moisturc dcplolion. Recause
thc soi l  ui l tcr potentials from $ hich malure !el lo$
starthist le can exhact rratcr orr not knotn. - 1.5
I ' l l )a tas used as a recognizable reference point.

Root e ongation study

The roolinpi patteln of yellow starthistlc sccdlings
in obscrrat ion tubcs was lhc same a,c rd)ls e\(a-
r r t ed  i r r  t l r e  r r : r l r f r l  ,  on rmun i l \ :  , , ne  rn r r i n  t . r l ' r , ' o l
t i th -"holt  side branches. Mcan root L:ngth ol
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2 rnonLh old plants erceedcd 30 crn and during

the next m(|nth ol grot ' th (br 19 Januarv); they

doubled thei l  lcngLh to 67 on. Growth ol loots {)f

piants from plumcle'ss seed was not signi{icantlv

dillerent than Lho-se from plumed seeds (I'j ( 0.05).

On 19 Januarl,  roots oi 2 pl lnls lrorn plumclcss

seeds hnd grolr out thc boltom ofthe 123 cm long

hrbr:s: this numbcr irlcreased to 5 '1)ltlmeless'' roots

ancl 2 ''plumr:cl" roots b-v 21 Februarr (Table 15)

B,v I0 Apri l .  roots ol al l  theplantsfrorn plumclcss

seeds anrl {100/o of planls ft-orn plumcd seeds had

cx< eeded thc lcngLh ol the tubcs. Nlean root growth

gcncrall,- exceedcd 0.i> cnr per dav aflcr the plants

were a rnonlh old (Table 5i.  Dtrr ing March. yel-

Iorr sta hisLle roots grc\ 'r  1.0 to 2.1 crrr per clav
(Table 5). ltoots ol cheatgrass lBnnrus tectorutn)

-reedl ings gro$n in thc saine lubes at thc same site

in a di l fercnt ,vear'  ( ,1 Octobcr 196:l  to 2 June
]96,tr) also ppor rapkllv during the ninlel but

sholrccl a cliffelent glolrlh form: chealgrass devef

oped numerous aclventitious Ioots in contrast to tcl-
lorr starlhist le's taproot (I Iarr is 1965. 1967).

Brcause r:heatgrass lormed normal br:rnching in

the tubes. and vel lot 'starthist le foots in thc natu-

ral community hud the same lbrm as those in thc

tubcs, rve concludcd thaL the tubcs did not ap-

prrc' iablv alter thc rooLing pattern trnder tr iniel

growth condit ions.

Yello$ stanhislle's grot'th stratcgl appeared tcr
allocate lcsources lirst to lool extensiorl. thcn later

to leafcrpansion. Roscl l ts gret 'slot ' lv during the

l irst 86 days. $ith the slart ing diarncters ol 1.1

cm (plumeles-") ancl ] 2 crn (plulned) on 4 \ovem-

bcr int 'reasing only to 2.6 cm (plurncless) and 2.3

cm (plurned) b-v 19 January (Table 5). Durirg this
time thc r{rcts eritended their length morc than l0

ibicl .  from 6.I cm to 67.: i  cm. Bct$een 19 Janu-
ar,r and l0 Apri l .  rosettes €iror more rapidlv, in-

creasing to 8.4 cm. The size dif lerence bct$een
rosettes from plumed and pltlmcless seeds lras noL

signficant (Table 5). Harris (1977) reportcd a simi-
Iar pattcrn in cheatgrass and mcdLrsahead

\Tae iaLhenln aspentm), bctth of rthich grev pri-
lnarv roots rluring rdnter rthen leaves sho$e'd lir

t le grorvth. Horver.cr. by 10 June.r lhcn stafthist le
bcgan to elongatc a flouering stcm, abo\'egrouncl
biomass rvas signif icanth' €geatcf than belo$
gr{)und biomass (P < 0.0I).  Dif fcrences betvccn
plumeless (roselte 2.9 g, root 2.2 g) and phrmcd
(rosettc 2.9 g. root 2.3 g) lr 'ere not signi l icant.

I \ l ]LE5 ' ] | c tn r r rsc r r r 'd ia tnerer tn ]nna l r la i ] r ro
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r\vai labi l i tv ol soi l  rnoisture at crucial t imes of-
tcr l  detern;ncs lhether plants succeerl (Dauben-
mirc 1972). Chcatgras-..  a prior invader of the
sume grasslanrJs. sutceerlcd bec:ruse i ts rapid r-oot
growlh throughout lhe l , intel cnabled i t  Lo avoicl
drought bv cntering summcr. dormancv as seeds
5 to 7 leeks cal l ier than bluebunch \ lhcrtgra-cs
(Harris 1 97 7). I lotever. vel lot '  starthisr lc 's later
flolering procluced rn{ture seed 6 to B reeLs liltcl.
than blucbunch rr.healgrass, requir ing a di l ler.cnt
stfdtcf l  to orercomc the sLrnrrncr droughl. In the
bluebuncL rrhcatppass cornmunitv, the growrlg sea-
son thich enrls in earh surnmer.appears to be
related to species phcnologv and rooting zone soi l
moistult clcpletion. In soutlllestern Oregon rangc-
lantl  communit ics.,velJor starthisr le inlrded an-
nrral grasslands b,v utilizing rcsirlual soil moisture
lel i  l r"- carl ier rnaturing nnnuals ( l lorman et o1.
1992). ln the same rnanner! moisture ;n dccper
soi ls not uscd bv the native planL communitv bc-
I irrc cntering summer dor-rnancv mar, alkxr vel low
starlhi,et le in\asion in soulheastcr.n Washington.

Thc AgttJt,rron-Fcstuca and Atfop)tun-Poa as-
sociations hck -.hrubs, cxcept for scattcred rabbit
l tr tsh (Chn'*ttharnnLs spp.l .  ln grassland
cornmunil ics ol the Clcat Basin and Columbia Pla-
lcau. native shrubs and forbs t lre deepcr rooted
than lhc large perennial bunr:hgrasscs such as bluc-
bunr: lr  nhcatgrass (Dobrololski et al.  1990).
I)aubenmirc'  (1970) rel)ortcd that in lhc drier area
i rn rn ,  J . r t " l '  \ - . 1  L , l  l hc  l g , , p ,n tn  l , oo  n r t  .  mu i -
t lrre percolated belor lhe reach ()f  grass roots of-
len cnough to maint n a srand ol big sagcbrush
\ArtenLi^\kr lidcntata) through the rainlcss summer.
From this he suspcctcd thaL scattcred rabbitbrush
in the Agropvon-Poa zonc indicaLr:d thc eristencc
ol unused resourccs in the form of deepcr soi l

I l - ' i l  r n , , i - t r r r r  r r e r e  t l r , , , n l r  t l t (  t o r  i r  - , r r c r ! !
f tr l  vel lon st lr thist le invasion, starthist le should
har e invaded north-facing shpes. Tn spite of cliffcr-
rDces in vcgctat ion. obscrvations of soi l  moisturc
(total and depth cl istr ibution) on 9 June. 2 JLrl l  and
29 August did noL dif fer berrvccn the l iscLrc-
dorninated north-facing slopc and the starthist le-
clominaterl  south-facing slope. This o[rscn'at ion is
@nsislcnt with rescalch bv Borrnan ud oLhcrs
i  l . ) . ) 2 )  \ \  h , '  rF l x , r t eJ  . im i l J r '  I nu i - t u r r  c \ t r r . t i on
bv vellrrrr stafihistle and perennial gmsse-s to depths
of 60 cn- Bccause vel lorv starthisr le sccd fel l  in
the pcrcnnial gri tss area. aspecl-related factor-s of

92 Rochi,.  Roch6. anrl  Chaprnan

light and temperaturc mighr har.c inlluenced star-
thist le establ ishment.

Shade study

f,nclcr reducecl light, seedling ycllow starthisdc de-
veloped large lear,es in upright rosettcs (measurcd
as the distancc flom the tip of the largcst leaf Lo
tlre g|ound) in ()nlrast to cornpact. decrrmbent
roscttes in fLrl l  l ight (Figurc l) .  Leaf sizc and dis-
tan.re t(,lhe lfound $,cre negativclv correlaled $ith
l i gh t  l eve l  ( r : - 0 .95 .  s i zc ;  - 0 .9 i | .  d i s tance :
Ir < 0.001). A change in grorth habit from pros-
lraLe lo crect leavcs in response to shade (Palmer
1956. Harpcr 1977) and incr.eased L:af area has
becn reported for other specics (Boyd antl  Xlur-
rav -[982. Dall ' , {rmell ina and Zirndahl 19tt l3). tsv
2,l l\'lalch. two plants under 6{/o light and onc plant
under 20lo l ight had died. I loot length conelarerl
posit ivelv (r=0.94. P<0.001) with l ight lerel (Fig-
Lrrc l) .  l leasurcments madc on B Julv sho$ed thal
heighl.  rosette area and above ground hiornass
dccl ined with decreasing l ight (r:0.80. heighr:
r : 0 .91 ,  a rea :  r : 0 .93 ,  b i o rnass ;  l ' <0 .01 )  ( l i g -
r r r e  l \ .  qhJ ' l ,  r eJ r ce , l  r ,  p l odu ,  r i r ,  , . r p . r e i r r  r -
shorn bv failure of plants grown under 6oi full
sLrnl ight to fbwcr. N1ean number of f l rxlcrs in-
crcased l,ith liplht: 0.3 {lo*crs per pltnt urrder
2(f27' lo l ight; 0.6, 37-.150/o; I  .6, 550/o: 1.I  .  700/o:
and 6. 100'/0.

Irrodan (1930) characterizccl yellorl starthistle
as an obligate heliophvte, prob.rblv referring to
starthistle's prevalen<re in l".ann srrnnv habitats. Tn
Vashington, yellolr. starLhistlc rosettes appcared k)
exploit far.orable microclimaric conditions aL lhc soil
surlace on south-facing slopes. allorr'ing it to de-
velop rooting depth t lur ing winter *hi le rnoisturc
is not l iniLing. ln a stud,v oft inter annuals. Regchr
and Bazzaz (1 976) found that not onlv 1fa,. rosel lc
leaf tcmperaturc signi l i r :anLjv higher rhan air tem-
peralure. but net ph(tosynthes;s r\as maintainccl
evcn at lo$ irradiance and tcmperalurcs dorl 'n to
thc point of lrcczing ol leal t issue. In contrast.
studics o1 bluebunch uheatgrass mainlcnance oI
photosyntheticallv active tissuc through rhc r,".inter
in the Croat Basin concluded Lhat its primarr func-
tion is Lo lacilitate faslcr-gro$,th in lhe earh spring
(\ot'ak and Caldvelt 19{34). \'ellow srarthistle a<,-
cunlulatcd enough encr;X during thc $.r|Ler ro gro$,
actir.elv. csprciallv in r-oot development. Photo-
synthesis bv starlhist le losettes on nonh-f lcing
slopes loLrld be recluccd directh bv lorr.er irradi-
at ion and indirect lv bv lorrer leaf Lonperatures.



l 0 o

80

mm2 60

b.

1 0 0

0  2 0  4 0  6 0  8 0  1 0 0
% lu l l  sun l igh l

F igur  l .  l r c rds  o l  p la l t .harac le r ls l i ( , s  o l  \ f l l , ) "  - ' t r  l r i s l l ( '

g ronn un( lc r  shade ten ts  in  l ' u l lnan .  t r rsh ing ton :

r )s i , , i  o l la rgesr  le l l in  n , In 'a rd  ros( r t {  a (a ,ncnr

on I B \olenrber; bl roor lenglh in on ,n lll \o!em

b| r  a rd  p lan t  h . i sh t  iD .m on i . luhr . )  d is rance

I ronr  n ,se t te  lea l  to  g rc r rnd  in  mm o, i  lB  \o \emher

en l  21  \ ta rch :  anr l  d t  to ta l  abov f  smund b  noss

i . s o i ; J u l r .

nhich l ikelv accounts for f :r i lurc to inrade nativt:

\egetation on the nofih rspe(I in l 'ar,  nc I lol lorr ' .

Di l lon (1967) report( '( l  dramatic dif fererrtes in

natur:r l  rercgclat ion of north- and south-facing

stccp (6i>oi) slopcs in s.alla \\ialla (lountv Tn

I 90 t.  a rai lroacl i i l l  t 'as constrLrr: ted of si lL loam

soil  and l i resLock rrclt  fenced out. 'Sixlv-four vcus

latcr. Lhe north-lacimg slopc l las fJ00/o bhrcbunrrh

whectgrass and 20% -Sandberg blrregrass { l 'oa
sondbergii). l'h ile the south-lacinEi sloPc $as domi

nat{rl bv annuals: 600/o cheatgr:rss. i300/o Centurzen

{vcllr,, starthistle) and,->ob tunrblc mtrstard (Sis-}rrr-

b titLn al tiss i. rnunt\.

Invasion of seeded grass

In 1973 no yrl lor starthist lc plants invarlcr l  arrv

of thc establishccl perennial grass \arieties thitl

l rere not cl ipped ( lablc 6). Levels of ,vel lot star-

thist le inlasion rere not signif icantlv cl i l fcrcnt in

fall and surnmer clipping of the socl-ftrrrning gr.r-sscs

and spring cl ipping of Luna pubescent thcalgrass
(Table 6). Cl;pped bunchgrasses wcre much morc

suscr- 'pt ihle to in,,asion than the socl-forrnirrg

grasscs. Yello\r stdrlhistle rtas partit ularlv succcss-

lul in spring or fal l  cl ipped Whit lnar blrrebunch
rlheatgrass. Observations of plant sizc, relaLive

vigor ancl seed produdion revealcd lhaL rellot sltr_

thist le in the sod-folming grasses r{ele smaller.

lreakel and produced lcss seed. Ho\rc\er. plants

that sulr ived to October produced some sccd.

In 1974 counts of Yel lo\r sterlhist lc planLs irr

Apri l  and Septembcr shc-' led high mortal i tv r lur-

ing thc sLrmrner ( lablcs 7 and B). Although star-

t l r i - r l e  - eeJ l i r r g .  t l r r c  pn  s ,  r r l  i n  r l l  t r r ' . . r t n r - " t -  i r r

Apri l ,  thc number rcmaininpi in Scptember'11)74
in thc uncl ippccl plots rtas sirni lar to thc number

in ial l  1973. Summcr and lal l  t l ipping ol thc srxJ-

frrrming specics allowed lcss starthistlc sun ival th:rn

spring cl ipping (Table B). S'hiLmar bhrebunch

wheatgrass cl ipped drrr- ir tg anv scason was suscrcp-

lible to invasion. a-r'iras Nordan crcstcd ttheatgrass

cl ipped dul ing spring or summcr lnd Luna pubcs-

ccnl and Oahc intermediatc wheatE(rasscs dipped

in the spring (Tablc B). In April ytllr* starthistlc

sccrJl ings in plots shaded bv glass l i t ter and stancl

ing clop appearcd weal and spindlv \r ' i th clc( l

vellorrish-gfeen lealcs compared to vigorous blut-

g r ' - ' r t  l e . r r , .  r , l  l r o - l r J l r ' r . , \ F l r c \  a ru t \ n  i r r  ! r ' r \ '

l iee control plot-s. The rosette glotth lbrm is par-

t i ,  . r h r l t  r um,  r . r b l .  t , , . h  r t l i l g  L '  , ' \ c r l o fp i n :  \ cgP

tatiorr (Rcgehr  ̂ nd P' irzzaz 1976). The simil .uitv

c.
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TTIBLL 6 \{ean h,hbcr ol rello{ strrrhistlc planls in rhi ccnler m'] oi sferletl grass \arietr ftors a Strn(tarl De,ia ,, (S.D.)
lrr clipp;,s tusime or I Ocrober 19i3.
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, l i  , . n r . . - d , r ,  l a ,  - , t  b \  r l r  t t - D  - - r  "  r . r  

- , r  
t " \ , t , , r  . i F r , i  , . , , , . . .

TABLI  8 .  NIeaD n ! r ,b f r  o l  re l lo$  s r ldh is t l .  r ' l un ls  iD  thu  r r :n te r  m1 o i  sor led  grass  ra r ie t r  p loLs  a  S tan . ta i i j  Der ia t jon  (S .D. l
b !  c l i fp ins  resnne , t r ,  l3  Sepremhi r  l9 ; .1 .

C l i l ' p r rg  I l ,6  me

Frll

Oahc

1 . 0  a  l . 5 a
(1.51 0.6r

0 . 3 i  0 . 5 !

i ) . t 1 1  l . 5 r

7 . 0  r :  l 2 . l u l

1 . 0  1  2 . o a b

5 . 8  1 1 0 . 8 r
'13.11 t  36.7.1

0 . 8  I  1 . 5 !

: 1 0 . 0  a  1 . 5 .

1 9 . 3  i  3 3 . 5 d

30.8 a 25.3e

I  l . B  a  l t . 2 b .
, 1 1 . 0  1 3 2 . ( ) e I

59.7 a ;0.8s

\'te!rs rre conPlnn ucr
differerl. as delerDri,nrl b! lhe HSI) krst ar th(i 50, lerel ot significanc..

ol !cl lorr starthist le -"eecl l ings in uncl ipped percn-
n i . r l  g r l r . - . t unL l .  t o  t ' l r n t .  g r . \ 1 r r  r r n r l e l  r - r r r -  im -
pl icated shade as thc stress l i rr .ror. ' fhe fai iure o1
stalthistle sccdlings to devebp normal rooting
dcpth under shade Lerts implicalcd drought st less
as thc reason starthist ie sccdJings cl icd beLwecn
.r\pri l  and September in per-cnni:r l  grass stands on
deep si l t  loarn soi l .  [ ,nfortunatelv, di lcct compa -
son oi shadc conditions could not bc made because
equipment lo appropri i i tclv measufc pholoslnthet-

ical lv act ivc radial ion (Patterson 1979) Ias noL
available lbr thc studr.

Conclusions
A surr.ev ol lhc distr ibution of the 54.000 ha of
1- cllot' starth istle in eastern Washingon (Roch6 and
Roch6 19BB) suggr:sted rhat the facrors idenrif i r :d
in the Pavnc Hollorv studv mar be impor-tant de-
lerm;nants for startiristle invasion ovcr a broacler
area of eastern S'ashington. The \orLh American
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vcllou slafihistle inva.sion thal reaches its supremacy

in California (Nladdox el al. 19{35) appears to ap-

proach thc northern limits of its ecologic amplituclc

at 48' 45' N Lat. in northcastem W.r,shington (Tal-

bott 19137). Approrimatel,v B0 rears alicr its in-

troduction. gljoi of the ,Yellow stadhistlc in

Washinlllon remained south of the Snakc River
(Roch6 ancl Rochd, l9BB) $'ithin the A87opl'

ron/l'e\tu(:tr zore (I)aubcnrnire I9?0). With incrca's-

ing distancc north lrom this zone, vcllorv starthjstle'

invasion has bccn restrictcd to l{'armcr s;tes. ln

northeu,stcrn S'ashington, yellow slarthistle h;$ been

limiLed primarily to steep southJhcing slopes of nat-

oral grdsslands, in contrast to its wider distribution

in soLllhea-steln S'ashington on gentlc slopes and

bottomlands (Talbott 19{37). ' l 'he criLical factors al

thc northem limits of its ecologic amplitucle appear

to be short and lonptare r:ldiation during thc win

tcr, both of rhich arc lcss limiting on sLeep south-

facing slopes at north latitudcs. These observations
()ncur 1\'ith rcport,. thal yello!,i starthistle did nol

persisl in nonhern EtlroPe. cvcn follolfing repeated

intfoductions (Prodan I930).

In lhe hol ler. dricr r l imate of solrLhcentral

\ \  ashington. vcl lr t  starthist le has invadcd shrub

sLeppe rangelands onlv where cl istrrrbance cl irni-

n r t - d  o r  < ,  r ,  r eh  re l r 1 , .  d  l , e re r rn i . r l  \ cgc l j r l i L , n . r

in topographic positions $'ith dccp soils thal feceive

and store addi l ional watcr (Talbott 19117).
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