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THE NATURE, ECOLOGY, AND 

CONTROL OF CANADA THISTLE 


By .J. "f. IIODGSo:f, rcscarch agroltomist, 

('ro/M Ucscarch fliriI:ioll, "lgriClIltllral ll{'scarch Scn'icc 


HISTORY AND DISTRIBUTION 
(tanada thistl(', ((.'irwill1J/. {(1'1'e1l8£' 

CL,) Seop,) is an ag-g-I'('ssi,'(' PC'I'C'Il­
nial weed thl'oug-hout t'lI(' nOl-thl'l'n 
haH of the nnitNl StnJC'!-; (9) ,I Tll­
festat ions of III is \\'('C'd ('fl\lS(' sen' 1'(' 

yield 10s:o-:(':'; in ('l1Iti\"(tled li('lds, in 
pastul-ps, on mngplands, lind in 
I:LWIlS al1d (t:(I'(I(,I1:;, I f is ('st:dllish('d 
ill fOrt'sf ai~l otl1l'L' \\'at('('shp([ IlL'(,IlS 
and Oll l'Oll([sid('s, ri vC'L'bnnks, and 
dit('hbanks, III llHlIly 01' t'hese pla('('s 
it product's s(>C'(I:i abundantly, Its 
many sC'C'ds and its hOL'izontal root 
gl'o\\,th ('lull>l(' Canada thistl(' to 
spt'e:1(1 ('(lsily and l-apidly, 

0, llI'I'("n.~{' i" indigC'llollS to 
Europe, \\'('st('l'll .\sia, and nortlH'l'Il 
Africa (8) and is known by a nt­
l-iN." 0 f (,Ollllllon IHl111('S t h l-ollghou t 
thC' \\'orld, Tht' nlO"t 0 ftC'n lIS('<I arC' 
Cn.na<lIL thistlt" ('l.'PPpin!.! thistlt', 
C'alifol'l1in, tllistl(" fiC'ld tllistle, :.ntl 
(,l1l-s('c1 thisth' (.~. 9, ~\;;), C'anrula 
thistll' lllny ha\'l'I>C'('0111C' thC'pop­
ilIaI' llamp in the l'nitN1 Statl'S bl'­
('aus(' of tlIP tTaditioJl that FI'l'lH'h­
mell intl'Odu(,p(l it into Cnna(h for 
fl'eding swin(' (10) and that frolll 
thp!'(\ it spl'pa<l to tlH' T-nitp(18tatps, 
Xo p\'idpncp to Slipport this tradi­
t ion was foulld, .\ccol'(ling to Hall­
sen (/2), Canacln, thistle' was first 
int('()(lu(,pd to Xorth .\nH'ricfL as an 
impurity in <'m» sN'ds ill two 

Unli!' Iluml)('!'s ill pa!'('nth('~e;; !'('fp!, hi 
"Ut('rntul'!' C'it(>{l," p, 31. 

Canadian pr()\'illcC'S, Quebec <mel 
Ontario, [t was likely intTotluc(I(l at 
YlL1'ious tilllC's and plaees \\';t!l rtgri­
('ultul'n.l sC'e<ls bronght by e:trly 
colonizers sinee Dl'>\\'l'Y (./0) 1'('­

I)oded it. to 11al'(\ bl'C'll spread 
throughout. Ule greatel' p:u'f'. or 
Europ(' bv tIl(\. middle of the, 18th 
('('ntury, fIe also t'f'port(l(l it t'o be 
found in \\"('stC'1'l1 ~\sin, northern 
India, An~t.mlia, and Xc\\' Zealand 
in l!lu1. He cites report::; of 1\)00 
that show(I(l it to be in all StatC's of 
til£' Fnited State::; hOl'(lCl"ing Oil, or 
north of, the ;37th pan-dlel. 

Tho l'l},pid spread of C'anad:c this­
t1(', lias continued since that time, 
:\fan has been a \'ery aeti\'c agent ill 
its dispersal (./4) by planting seeds 
of ('.ontaminatedfomgc and small 
grains, By 1952 it was reported to 
infest lllOrl' acreagc than any other 
noxious \\'erd in :L four-State :U'C':L 
of ~r()nhlllH, Idaho, .oregon, and 
WHshington,~ BlankC'nship (6) ill 
lHOI ('C'port('d it to bp ml'C in ~ron­
tana,in only fin' small patches, 
rrt'ikps I in lD5G l'eportl'(1 625,000 
H(,[,l'S ill[pstl'd in ~r()ntalla, 

, Dwn:H, C, II" and Others of till' Xox­
ious \\'('('(/ Control Ta:;!;: For('(' of til!' 
Land HniJc'ommitt('(" Columhia Unsin In­
t('l'flg'!'IH'Y ('ommiU('p, XOXI()['S W~:Ens IX 

'I'm: ('Olx~rIlTA IIASIN, 1052, [~Iimt'o­

I-:l'nplH'd,l 
3 f1~:IKES. K 1'], THE \nmos, ~[Ollt. .Ext:. 

Hl'n'. Xcwsletter :~, 2 PI>, 105(;, 
1 
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Bv 1!1011l1ost of thl' ~n ~tates that 
Illlcl" I'p[lortetl in j'psta t i()n~ 0 f Can­
ada thbtlp hnd (]c('bll'cd it to be a 
noxious \\'ppel (5), This (lid not <1e­
tel' its adnll\('p thl'()ll~.dlOllt tht, area 
or its adaptatioll ns illdil'atecl by till' 
ill(,l'l'ttsing m'l'cngcs, In H)G1 it was 
li~(t'(l as a lloxious w('l'd in the sl'l'tl 
laws of all Statl'S of (hI.' rnitcd 
St:ttl'S t'XC'I'Ut 4\.laska, Arkansas, Ha­

waii. alHl Xcw ?![cxieo (:/.:1), 
Canada thistle is \\'cll adapted to 

pl'odll<'ti \'c, dccp, \\'ell-lll'rllted soils 
\\'I\('1'e tpllllWmhll'I'S lU'1' l1l()(lemte, It 
):.rroll's un<1c1' It widl', rangl' of lllois­
hm,' conditions but groll's Ill'st unclcl' 
!(j ('0 ;3() inehcs of min'bll or under 
il'riglttioJl, Poorly lll'l'atccl soils or 
high watC'I' talJIC's limit the growth 
of Canada thistle (If\ 125), 

GENERAL METHODS AND MATERIALS 


ThL' llat lIl'P, l'('ology, and control 
of C'ttllHda thistle wt'I'P studied at 
HOIwuHln, ~ront., [l'OIll 1\);";:3 to IDG5, 
The studit's iIlYolvcd plants gro\\,­
ing in na(uml infl'stationR, on both 
('roplaluls :tntl nO!1l'I'opland:;, It'HI. 

plants cult U1'1.'(1 frolll roots [I'om dif­
fpl'Pllt locations, .\ \'arit'!:y of pl.ot 
hyouts WI'I'P used, Tl'clttments in­
\'()Idng ('ombinations of ('roppin~, 
('ult intlion, and l1t'dliciclt' spnlys 
WN'P ('ompnn'd on largc plots on 
whieh rl'glllar farm-type ('ultiYat­
ot's, sp rtt,YP 1':;, aud O(hl'l' pquipl1ll'nt 
\\'PI'(\ u:;pd, Enllunlion \){' herhieides 
:llld. ('ornpal'isons of growth habit 
\\'Pl'l' ('OIHltw(:ccl OIl squan'-ro([ plots, 
E fl'l'c(' of I l'('at 1lIl'nt" on ('a11lu1:t 

thistle and 1'('C'ords oJ gro\\'th habit 
wpm uswtlly det('l'mincd by stcm 
('otlI1ts of Cnna(lrL thist1e plants on 
pcrmalll'nt quadrats, Emluation of 
('hemipals was mnmlly determined 
by stCl1l t'ounts or by pstinwtcs of 
('()Iltrol, comparing ti'enteel and un­
treatNI or chl't'k ploUi. 

Soils in tll('. experimental arcas 
Wl'r('. dark-bro\\'n Rill' loams, wcll 
dminccl, and highly productive, 
~[oistl1m was prO\'ickd by 16 to 1D 
inclll's of rainfall annually :lI1d il'l'i­
gat ion onC'e or I'",ice l'aeh snmmcl', 
'Dptails of some of thcsp studies may 
he found in othl'1' publications CW. 
J'7, 18. IlJ, 2,3) and lalcr in this 1'C­
port aR the results arc discusscd, 

DETAILED PROCEDURES, RESULTS, 

AND DISCUSSION 


Nature of the Plant 

The studil's Ilt Hozl'man sho\\' 
that Canada thistle (fig, 1) is clis­
tinguishpcl from othl'r thistll's by 
its' horizonta,l bmnchillg roots, b}' 
its prpd Stl'lllS branching towal'd the 
top, and by its e1Hll'aetcr.istie of 
growing in ('iI'l'ular patchps, with 
('(l('h nl'W pat('h USlI:: lly consisti ng 0 f 
only OIH', ('\OlH', The sl'pms grow l'rpl't 
fl'Oll1 ~,~ to ,~s iI\('hps, ll.t'ising 1'1'(11) 

llUll\(' l'OUS Inl(ls on t hl' horizou tn 1 
root:;, ~lt\lIIS (J f d i 11'(,I'('n t ('loI1(>s \'tHY 

frOIll l'ibb('(l to sllIooth, oft-t'll \\'ilh 'a 

row 01' spines bclow the leavcs, 
St<'I1lS a 1'1.', u;-;ually grcpn bllt ma,\' hI.' 
brownish to l'eddish purple on some 
clones or in ccrtain locations, The 
1('aVeR arc usnally dark green, 
deep I)' lobcd, and ruflhl 011 the 
margin, \\'ith spines around thc 
margin and at the tip of lobes, 
Lt';wl's occasionally are found 10 bl' 
smooth on tilt', margins witll no 
spinl's Ol' \'cry short spincR, Leaf 
stll'ftu'('s an' glabrous to lmil'Y, 
Flowl'l's an' borne, at t'he apcx of 
StC'IllS, These stems a l't' t'I'l'l1lin:tl or 
arise from leafaxils and bml1clt sc\'­
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I,"!C;{"J(~~ l.~('aJlIHI!l thistll' (C;rsiUIJI (11"/'('118(, (L,) f-icop,). including part of the exten­
sin' r(Jot system. IJlspt show,; d('ta ils of n flower amI Sl'p(j", 
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eral tillles. The f1oWN'S lire mostly 
ptlrph' or blue with "arious ::;ha(It':;; 
oectlsiolUl.lly they are white. 

Root System and Carbohydrate 
Storage 

Canada, t h ist1e has an extl'l1Si ye 
system of [i1.n'ouH absorbing !tnd 
bmllc[ting horizontal root::; (1.1-)'1 
(fig. l). Tht'sc roots ('onLine to grow 
Pll('h :;l'ason ancl ('onbtin an ttbUll­
cltlllec 0 f ~ltor('(l food that gi \"('s 
pl'l'('nninl Ii fe to tilt' nJant. Su('h 
roots ['ppl'lltetlly initia.te loig01'OllS 
Ilel\' shoot::; that are I'pry ('om pet i­
tiy.\'. The rood reS('t'VC of Canada 
thiHtle en<.l)les it to initiate nt'w 
shoots for about 1% growing sea­
sons despite rept'ated niltivations 
that Ilt't'\"en(; (lrOdlldioll and trans· 
I't'r o~ nt'\\' fo()(l to tht', roots (J7), 

Call1ul!L [hist\(\ roots \l"t're sam­

"GHIFn:of, C. W. ,\. ~IOItI'llOI.OGl('AI~ ,\;\'Il 
ll[STOLO(Jl('AI, WI'l'llY Ol!' TIn: r';-ilH~IIOl({)l°:of1J 

O!tWl:ofS IW (''\;\,.\I)A 'l"ll[HTU~, ['''lluhlisIH'(1 
~Iasters Thesis, BOUIII)' Depllrtllll'nt. 
COllY on fill', Library, ~ront. 1:\tate enh·. 
1 ()3J. 

pled extensi\'l~'I'y tIt Bozeman to de­
termine Illl' normal trC'IHl of carbo­
hydrate rCS(,tT<.'S and to compan' 
root d"yelopment of 10 <.'('otYli<.'S 
grown at II ('·onU11on site'. The e('o­
types were ()bh~ined from 10 loca­
tions in ~ronlllnft, 1(\:lho, \Vashing­
ton. llnd ,Yyoming and were 
e::;tttblished by planting 11 I-foot­
long root section of ('[Ich on August 
1, H)5{i. In 1038 lInN' thC' plants 
W('t'(' well establishNl, I'oot samples 
were ohhti I:cd 011 ['our rep\i('lltcS of 
eaeh ('cotype at three soil depths. 
The n,yerap:e root yiehl of all eco­
I'YPt'S, (\etC'l'lllined by their (}yenc1ry 
weights, show('(l 5·~ lH'r('t'nt of the 
roots in the ;~- to D-inch layer, :)0 
percent ill the H- to 15-il1('h layer, 
and Hi lwrce11t in the 15- to 21-i nch 
layer (bIble 1), Hem'e, i;,l percent 
of all roots foulld lo a dept'll of 21 
i11('ht's wt're within 15 inches 01' tht' 
surEtl('('. As the length of life of a 
stand inC'rellses, :t grt'ater pet'ccnt­
a~e of roots would possibly bt' 
fOllnd \)t'h)\\' 15 inches. Although 
root::; in S0111e soils ha ye pt'nel rated 

TAllT,E 1.- Root yields of 10 Oanada thistle ecot!Jpes eLt 8 soil depths, Bozeman, 

Mont., 1,1)58 


LW 
F;\l. 
<:a .'
04 __ ... 
(; 1. ... 
(12.
AI. 

I'W. 

Y:'L •.. 

I·'L 


To!!\! wl'i~hL_ 

A\'rrap;(' wpip;hL ___ •. __ •. 

I'Ncrntap;l' of total wl'ip;ht . ­

(h'CII(\ry weight o[ rools [rom IS· by IS· 

hy ().illch 5011 samples tll 3 depths 'rotlll 


weight 
3 to 0 Inches o to 15 inches 15 to 21 illches 

Uranu Gmm" aram.'f arczms 
10. \ll 3.RG 4.55 2L.a2 
7.Sol 5.5a 2.57 15.!)4 
/.01 5.88 2.GO 15. ..!1l 
7. 70 4.SS ~. 71 15.2n 
g.u:> :t 55 2.02 14.82 
7. G 1 4. s::\ 1. 22 1::1. (iu

12.(i5I. 1.0 :t 71 1. 8·1 
2.82 1. 51 11. 727. ::19 

G. III :t 24 1. (is 11. 11 
G.:H :{.27 1.20 10.no 

----.......- ,~_.~__.M_'
..--
7(L 7-1 4:3. ;37 22. 51l 142, no 

I.G7 4.;)U 2. 20 4.71l 
fl:3. 7 ;30.5 15,S 100,0 

~ ---~-. ---~ 

1 Thl' I,t'olyp(':-; wpn' c1l'si~llnl('d by It'llpr,.; :lIld nnlllbf'r~ accordin~ to p1:Lcp of origin 
ltH follows: I,W, Lllramip, Wyo.; 1<':'1, F('r~m; Counly, :'Ionl.; C 1,02, (;::1, <:4, (;ltllntin 
COHnly, :\1011t.; Al, Ada County. Idaho; PW, l'ross('r, Wash.; Y:\l, Y('llowstolH' 
('011 Illy, :'[ont.; FI, Fn'll1onl COIl!!ly. Idaho. 

http:initia.te
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:20 feet, mo:,;t roots develop about :3 
to 12 inche:-; beneath the sm'face (14, 
;2,5) • 

A.Yailable carbohydrates in !'oot 
:-;amples at Hozeman increased as 
the depth of sal1l~le increased. Tlw 
food re::;,(:'l'\'es in ([tnada, thist Ie Ul'e 
~,torecl mainly as inulin (34). These 
resern's valT with the season, in a 
I1HUUlel' ehal'acte6~tic of other pe­
rennial weeds (1,2.5). The low point 
of carbohydrate ]'oot resern's, as de­
scribed by ·Welton. .JIolTis. and 
Hartzler (,]4), was 'ahout .rl1l18 1, 
when Hower bud:> had be~un to ap­
pear. 

In anothel' stU(l~r at Bozeman. 
roots were silmp]ccl approximately 

70 
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:1 8 15 
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DATE 

wcekly from April until Octobe!' 
for :2 years. The carbohydrate ,1'e­
senes decreased from early sprmg 
to the lowest points meastu'cd, on 
.Tune 6, 195-1, and .Tune :30, 1955. 
From these dates on through the 
season reserves generally increased 
until September '\'hen the carbohy­
drate content l('Yelec1 off (fig. 2). 

,Yeather records show that mean 
tcmpemtures "'ere ~A:O and :2.0' F. 
above normal in .April and :May, re­
spectively, 1\")5-1, and wen' -1.3 0 be­
low normal in .\.pril and I).n° above 
llormal in ~ (a v lD5ti. Lo\\'(.'l' temper­
atures in 1055 probably eaLlsp.cl the 
delay in utilization of {'arbohy­
clt'at"es and plant de\'elopment that 

1954 

Average 

,- 1955,
,
,

,­

,\ 1 
.. _' 

\ 1 
\1.. 


I 
I 

II I 

2229: 5 12 19 26 :2 9 16 23 30 7 14 21 

1 AUG. I SEPT. : OCT. 
OF SAMPLING 

FlGtJRl-; :!.--Trpuds of earbohydrate n'~l'rn',; in Canada thistle' root~ as pcrcpntagl' 
of o\'CIHlry wcighl. Bozeman, )lont. , 1();)-1 and l()::;:;. 
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occnrred that \'Pal'. ~\. comparable 
early 1)1](] stage; of growth o('curL'ecl 
,June 17. lDiH, and .Tune :2:3, 1955, 
'Ih~~ OCl'tllTenee of bud stage after 
the low point of reSPlTeS in 19M 
and before the low point of reser\'t:s 
in If););> may ha Vl\ b('en caused by an 
interactioll of! the growing ('olldi­
tiolls and the influence of photoper­
iod 011 flowering, 

Shoot Devt'lopment 

H('l'1HU'POliS shoots of Can!lcla. 
thisthl 110rnHllly l'11lt'rgl' eaeh spring 
a I'tl'1" soi Is lUHl a it' tt'lIl1W I'll lures 1Ul.\,(' 
waL'IlIP(] ('ol\siderahl \' (table :2). In 
It study of whitetop ((Yardaria 
,/...I/!J,/ (L,) [)PS\',) at Boise, Idaho, 
shoot l'1lll'rgPll!'l' began in ':\1!ll'ch 
1\')](,11 1llf':Ut t(,lll[Jt'l'lltUl't's wert' 3,jO 

F, and was ('0111 JilPtl'd in btl' Jflll'l'h 
lw(l .\.pl'il \\'1\('11 llH'an wt't'kl.r t(>11l­
lH'ratul'l' 1ll'Yt'l' ('xt'Pp(lpd -!7° (}.5). 
fn a stud\, of Canada thistle at 
BOZPltltUl, ~h()()t t'1lll'L'gene(' c;:(l not 
Iwgin until llll'an \\'P(\kly tempel'll­
turps \\'Pt'l' ·I,~' 01' hig!}('l' ;md shoot 
l'ltIP rgl'lll'p was gl'l'at pst \l'1}(,11 I1lPlln 
\\,(,pkly (Pill pl'mtu L'l'S \\'t'1'P at It'll:;t 
,~()". (1 fJ) . By ('0111 pa rison, shoot 
I'tlll'L'gt'IH'P of ElIl"Opean hind\\'l'('d 
(('(JIIl'ol,'IIII/s 11J'/'('Il,~i8 L.) \l'as l'(, ­

p()l'll'(l to \)('gin latl'l' in thp sp.asoll 
at WHI'IlH'1' tl'lllppratlll't's than l'Itir('I' 

II'hitptop or Canada thi"tk un. 
'I'll(' g('Jl('ml population of Can­

ada thi:41l' plants nlriL's consider­
ably ill appl'lu'ance and growth 
phara('tl'risti('s ("~. ()), At Bozeman, 
shoot ('nH'rgencl' of 10 (lill'('rel1t 
clones or ('('~)t,"pes was l'('('or<lrr1 in 
1Hi)!) (/0), .\.n ('('otype L,Y", :from 
Lamlllit'. ",.. \"(J" t'llll'rgl'd llt least 10 
clays earlil'L:than se\'('ral othel' ('eo­
tyill'S, its ::;hoot gr(lwtl~ prel'l'decl 
that of till' otll('rs, :lIld It matured 
(,tll'lil'l' (t nl>h' ;~). Thus, lwcause of 
its l'arlll'!.' t'stablishlllent, the L,V 
l'cotr]>e III ight be t'xpt'cted to be 
lltOrl' cOllJpl'titi\'l\ in stl<'h CL'OPS as 
::;pring wlll'at. .\bout two-t-hirds of 
t hl' shoots () f a11 l'cotypes emerged 
Iwt\\'('t'n .:\Iar 1 and .:\hy 1;>, when 
(11(\ llll'an tt'lilperahll'l' \\';IS -UiO F, 

.\.ftet: shoot eJllergell('e of Canada 
thistle, tht' rosettes enlarged hori­
zontally. coyer.ing and ..hading the 
ground, Yt'ltil'al shoot gro\\'th be­
gall increasing l'llpitlly about ;3 
WPl'ks a rtel' ('mprgell(,(', l~nc1eL' the 
dimatic ('oIHlitioll::; llt Bozeman, the 
most rapid \'ertiertl growth o('ctln:ed 
f!'Olll .Tulle Hi to .Tune 29,1950, \\'lth 
an llypmge growth of :~ l't'ntimetel's 
IWI' day (t:.\bll' +). 'Il,lis is.a C0111­

paral>lt' \,t'1'10(/ to that III \\"111ch root 
I'(,S(,I"\"('S \\'('l't' lowest in If);j-~ and 
UJ.i,i (fig, :!). 

Flowering and Seed Production 

Canada thistle has been reporteel 
to be norma'!1y clioeeions: that, is, 

TAIlLE 2.-Shoot emergence oj whitetop in the spring at Boise, Idaho, and 
oj Canada thistle at Bozeman, "Alont, 

WhItetop 
ilt Bolsr, Idaho, 105~ 

- :1~1~~:~ Mcnu~~;~c~~~c; 
,ut(n',11 temper· or shoots 

"ture 

OF. Perce lit.,­
~rarrh 17 to 2,L ~)tJ 20 
~[nreh 25 to a1_ 4·1 
April I tl) 7 _ 41 HO 
April X to 15 47 

Canada thisUc 

at Bozeman. ~lont.. IU.>O
I' 

- Time 

inlen'al 


April l·l to 2L 
April 21 to 2H.. _ 
April 2\l to ~Iay ti 
:'Illtl' 7 to Li_ 
:'lIlt}' 15 to :2\l 

~Icall Euwrgcncc
lemper. or shoots 

ature 

°P. PercellI 
aG o 
42 ",) 

,)­·W -, 
-I!! -1.6 
46 2·1 



---

7 THE NATURE, ECOLOGY, A.l.'iD CONTROL OF CANADA THISTLE 

1'ABLE 3.-Shoot emergence oj 10 Canada thistle ecotypes ~n the spring, 
Bozeman, lvlont., 1959 

Shoots emerged on' '- Shoots per Ecotype I squnre foot,
Apr. 21, 1959 ~[ay 1,1959 ;\{ay 11, 1959 ~Iay 15, 1959 May 29,1959 

Percenl Percent PercentLW____ . Percent Nl.Inber
4.0 38n D7aD5n 5.5

G1_~ ____ ::=~:==::====:= 0 12 be 75ab 83 b
i~I________ . ___ •.• __ •• _._ 6.8

2.0 14 b 63 be 77 be 5.0G2 _____ ._. ___ •. ____ ~._~ 0G4 _____ . _____ .~ ______ ._ 6 c 63 be 82 b 4.5 
0 6 e 53 ed 83 b 6.0Fl___ . __ 0.' •• - -- .. -... _--- 0 4 C .'J cd 79 be

Y~L ___ ~ .. ___ . _. _. ____ u_ 4.5 
F~L ___ 0 

() 
4 c 51 cd 76 be 5. 1 

.... _______ -............ .. ------ 8 be 42 ed 58 d 5.2
P \V______ • _ 
G3 _______ . ... - 0 4 c 35 d 67 cd 3. .J 

-...... -... _- --- -
,~ 

() 6 c 34 d 63 d 3.2 
~ 

__ r ____ .... __ ...Average_ 0.6 10 57 76 5.0 

1 Sec footnote 1, table 1, page ·1, for origin of eeotypes. 
2 Duncan's ~[ultiple Range Test, P=0.05. '"alues with different letters arc sig­

nificantly different at the 5-percent level. 
3 100 percent emergence on ~[ny 2D, 1959. 

stnmina,te flowers that produce only len and depended upon an external 
pollen !u'e borne on one plant amI ::Omce for pollen to produce seeel. 
pistillate flowers that produce thE' Pistillate flowers that were covered 
seed on anothet· (fig. :n. This chaT­ to pre,'ent external pollen from the 
ncteristie wa,s i lwestig[~t£'cl amorg florets in 1959 and 1960 producel
the 10 eeotypes ll£'scnbell abovE'. no seeel. Although most of the seeds 
Eight of the. ('eotyp('s bor£' pistillat.e are borne on the pistillate plants, an 
flow£'1's that w('t'e obsen-('(I £'ach v('at' occasional seed was found on the 
but appar£'lltly l1£'Y£'r procluced"pol- staminate plants in these studies. 

TABLE 4.-Shoot growth of Canada thistle, Bozeman, Jlont., 1959 
~.--.-------- .-.~--~~~~~-. 

Menn Degree Vertleal shoot growth'Time intervnl Days temper· daysl 
aturc Total Daily 

--~.-----.-

OF..Number Number Om. Om. Percent
).[ny.'i to .Jnne 4 __ ._ ~O 46 162 18 0.60 0.5
.lun(' 5 to 15. _. II 62 ISH 21 I. DO 1.6
June> 16 to l(l. _ 4 65 80 13 3.14 2. 6
Jun(' 20 to 2n._ 10 61 2{)156 2.92 2.4
J\lIW 30 to July 6 _~. 7 61 LOn 18 2.6:3 2.2
July 7 to 13••. 7 62 110 12 1. 68 1.4
. lul}- 14 to 20 __ 7 71 u;:~ 7 I. 03 .8.ft:ly 21 to 27 ___ .. 1- 27 -.) ID 1 .27 .2
July 2S to AHgl1St 3..• 7 67 155 2 .22 .2 

TotaL •. 00 1.3·la 1<)-) 


:\\-orugr. 6a 
 I. 61 
-.---.----~~--"- -.~-.~.--~-.-

An nrithll1l'tic accumulation by days df daily mean tpmpernture in degrees above. 
45° F. 

~ Ench numbpr i~ tht· tlwrage for 20 plant~. 
!!70-f31 0 O-US---2 

I 
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1I1HI 110 [lollf'lI. 
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Thus) florets on staminate plants 
were o('eftsionally perfect, bearing 
both pollen and ECCc!: t.his indieutes 
that tlw speei(>s is impcrfectly dioc­
('ious, as reported by Bakker (_~) 
and Lund and Rosh'up (-22). 

Staminatt' amI pistillate flowers 
are easily distingUIshed in the t1el~l 
by the abundant pollen on the stanll­
nate flowers and) as the seed ma­
tures, by the \>oluminous pappus on 
the pistIllate flo\\'e~'s to transport the 
seed, The pappus, :tlthough present 
on staminate plants, is I'elati\'cly un­
tlc\'elopt'<l as {'ornparcd to the pap­
pu::> Oil pistillate plants, Flowering 
n('ctltred from .Tuly I into August. 
_\.c('oJ'cling to Linck and Komme­
dahl (,:1), Canadn, thistle is n, long­
day plant; they found no flowet'in!! 
in plants uncipr light fOt, ,,-\ 01' l~ 
hOlll';; but found eonsi~lprabll' flow­
ering lllldl'l' lig:ht 1'01' Ii' hours, 

In OUl' studil's large quantities of 
viable 'speds WCt'P produced undcr 
ravorabh, conditions whert> stami­
nate aucl pistillate plnnts \\'crt' 
planted within :iO fl'et of ('[teh otl1('1' 
(U)). Howt'nJ', in studies in the 
Xetherlands yield of st'ed was low 
and seed::; wer(' (lis]lt'l'secl by the 

wind for OIl!Y short distances lip to 
1 kilomt'tH (4.), Haydl'll in Iowa 
(I·n reported little seed pl'oclncLioll 
unless ::>taminate and pistillatl f1ow­l 

l'l';; werp \l'ithin :W to :20() /,pet of 
each other, 

Seed size mried considerably 
among (litl'erpnt ecotypes of CtU1ac1a 
thistle in our studies (table 5) (19), 
The largest seed 'vas found on L",\V 
and was equintlent to npproximate, 
ly 2£18,000 seed,.; per pound; thl' 
smallest seed was found on FI and 
was equimlent to 677,000 seeds pet' 
pound. The types sampled probably 
do not aetually encompass the entire 
range of yarintion in this character­
istic, The number of Canada thistle 
seed per pound has pre\'iously IJeen 
reported as 28;~,000 (80), 

\~itlbility of Canada this/lp sped 
was quit(' 'high ill seyel'aJ gt'rmina­
tion teRts (8. 14). In 011(' stJl(ly ;10 
to HO Pl'l'l'Pllt of tll(> l1('wl,r IJaI'\'ested 
SP(lds gl'rlllinatecl (l{). Goss (11) 
showell that some Canada thistll' 
-;p('(l t'Pllmilll'd \'iable wiJl'1l })l]j'iprI 
in the soil fOl' a~; Ion!! as :W yt'al'~, 
\~illbilit\· was !!1'('ah,1' for' ,,('ed 
bUl'i('(l flf {~ ill("llt's than fot' seed 
bllri('(l at :-; 01' ~:2 il1('ht'~, 

TABLE 5.·,-Al'l'J'agl' I1'dgM DIlDO seeds (~f 8 ('mzada thistle ecotypes, 1.958-60 

A \'cmge weight of 100 seeds In­

~:cotYIWS I 195" 195'J 1~60 

-.- ~ ..-~~..---- -- ,_._-- .- ... -
(fram firam firamLW 0, I G.) n,I50 (). 141

III ,OS2 .()UO Ui,
Dr .Oll:l , O!J5 , ()\)(j 
.\1 ,OUS , O()() .OUO
PW ,OiO , ODD IO:lF:'I[. . OX, , O!J,~ ,OS4
(;4. ,085 . os, , (lOOFT 	 ,OGO ,00:3 .o'a 

-~~-.--~~~ ~~-~-....... - .. 

.\vl'nq,(I', .On:l ,OD7 .mJX 

J ~p[' [o(jllln!!' 1, tahl!' 1, pagp 4, for origin of pt'oIYlll's. 
2 XllrnlH'fS hl'llring dUTI'r('nl let!('I's difr('l'pd significantly, 

. 3,yc.~rtwcr' i'ct'ds per 
age wd~ht of pound

100 S.~CC'I..~ .. 
.. ~.. ~~--. - -~,...-- . 

Cram Sumba 
O. 	 ; ii2(L 2(18,420 

, OIl;) b 4",4,0 
.OOi; II ,ITT. 470 
,00:3 b ·~S" ,40 
,OUI b ·IUs, 460 
.08!1 b ,}O!I, GOO 
.Ot;, b 521, :lR(l
,06, c 0,7, 000 
---- -~-.---

, (lOO 4(12, :~30 
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lYe fonnel that new seedlings es­
tnblished slowly and seem to be 
quite sensitin' to shading or e0111­

p('tition. Tllt'y lIsually ~nryj"e and 
be!'ome t':itnbl'ished on newly plowed 
clih'hbank" ot· distUl'bed grnzing or 
llo11roropln 1Hl areas where fO! a time 
plant competition is limited. These 
results agree with those of Bakker 
(4) who reported that Canada 
thiRtle seedl ings <lied when light in­
tensih' £el1 below :20 percent of fun 
daylight and d('\'elopment was de­
htyed at GO to 70 percent of fun 
daylight. 

Nature of the Problem 

Canada thiRtlc propagatc.~ by 
rO(Jts and is ,'cry aggressi \'e in any 
fiplcl \)('('llUSe of this (·lmnlcteristie. 
IIow(>y('l', the plant is also a threat 
to other an'as b('t'anse of its seed 
pl'Oc1l1('tirlll, which is its major 
means of spI'pa(ling fr()111 farm to 
farm, and from farms and rond­
sides to OUI' ranges and watersllccl 
art'as (-i. 12. 14). 

Canada thistle ('allses serious 
yie1r1 losses in spring-sown small 
grains, twas, row ('rops, anel pas­
tlll'(~S and is obnoxious in many 
othel' situations. It is well ac1aptecl 
to growing with spring 'wheat and 
gl'OWS with this ('rop perhaps more 
oft('t\ than with an\, otllt'r. The elif­
fpI'('1\('(' in aclaptrltion of Canada 
thistle to spring wh('ut and alfalfa 
hay cropping pt'ogl'lllllS was clearly 
shown in two of Olll' l'xlWrilllents 

reported in 1£)58 (16) and 1950 
(13). The percentage of Canada 
thistles increased progressively ill 
continuous spring wheat ('ropping, 
but decreased in alfalfa, mowed for 
hay (tabJe 6). Ot.her investigators 
hn..-.;e reported alfa,lfa, perennial 
forage grasses, and winter wheat to 
he the most effective eompetith·e 
crops in control1ing Canada, thi.stle 
(32,85). 

The effect of Canada thistle on 
the yield of spring wheat was meas­
ured by the author in seyeral 
farmers\ fields in Gallatin County, 
~fontana, U)53-55 (11). Randomly 
L)c,atecl patches were lohosen in these 
fields where yield samples ('ould be 
obtained at foUl' different le\'els of 
Canada thistle infestation by pro­
ceeding along an indh'ic111al drill 
swath into the thistle patch. 

_\.lthough the leyels of yield 
varied among the di fl'erent fields, 
the pattel'l1s of yie lc1lwluctioll were 
similar when the numbers of Can­
ada thistles present 'were similar. 
For example, yield reduction was 
about 60 percent each time 25 thistle 
shoots per square yard were pre..c;ent 
(fig. 4:). This was the usual level of 
infestation found throughout the 
center of the patch, with It sparse 
infestation toward the outer edge. 
1Vhere only two shoots per sql~are 
yard were present, the rate of YlCld 
i'eduction per shoot was greater 
than the rate at higher densities 
beeausc thistle plants were. 1110re 
vigorolls and larger. 

TA13LE 5.-Canada thistle stlrvival in two cropping programs 

SUITivni of Cnnada thistle in-
Cropping progmm 

195.1 1954 1955 1956 1957 

Pacent Percent Percent Percent Percent 
Continuol1s spring wheaL_ 
Alfalfa mowed for hlL)' ___ _ 

100 
lOO 

143 
60 

158 
11 

182 
fl 

192 
1 
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}j'IGURE 4.-Yield reduction in wheat caused by different levels of Canada thistle in­
fClStntion in Gallatin County, MontanH,19u3-uu. 

Control Measures 

The foregoing description incli­
Clotes several characteristics of Can­
acb thistle that are typical of weedy 
species and that enhance its persist­
ence and spread. Because of these 
characteristics and the prevalance 
of Canada thistle, control measures 
have been extensi'vely sought over 
the past 100 years. The methods of 
eontrol c1e\'eloped fell into three 
broad categories-cultivation prac­
tices, cropping programs, and chem­
ical treatments. 

Some consideration has been 
given also to biological control since 
there are several nn,tural enemies of 
Canada thistle (9). However, only 

recently has j his work resulted in 
promise of an active biological agent 
that will control thistles. Harris 
(13) in Canada conducted feeding 
trials on (Haltic(t C(t1yi1t01'nm 

Cuel'.) , n, len.f-feeding beetle that 
was found in Europe. Results of 
these studies were encouraging and 
the beetle was taken into California 
for further feeding studies." Since 
these feeding studies have indicated 
110 danger to crops, this beetle has 
been released in California, Idaho, 
Montana, Oregon, and vVashington 

r. HAWKES, R. B. lIOS1' SPECIFICITY 
STUDIES ON HAL'fIOA CAIIDUORUH (OUEn. 
(COLEOP'l'ERA: OHRYSOMELIDAE)). U.S. 
Dept. Agr., Agr. Res. Sen'., Ent. Itl's. 
Div. 19G5. [1\Iimeogrnphed leaflet.] 
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[01' furthel' field stlldies O[ its adap­
tation tlnd ('Irectin'ness in <,ontrol of 
Canada thistle. 

Cultivation 

Cultivation pL'llctices han been 
developed to st:tlT(> Canada thistle 
roots by l'epl'tltedly destroying thl' 
IW\\' shoots and lpa \,P;i (27.,j}). ()\~eL' 
the velll'S mallV yal'iations in the 
"tap,:atioll [H'O{:ess htn'c heen Sllg­
g('stt'd; oIle Wll:'i hOPing pet'iocli('ally 
in row ('mps (if). JJ). l~arly writers 
(J 2 . .1;;) :'itn.ted that stal'nltioll must 
be beglln as soon as shoots a.ppeal' 
abo\'(' grOll1HI. This practice be('ame 
knowll as tIlE' "black" fal10w sys­
tem. Latp1' ;;ludil's i ntl ieated that cle­
pINion of root 1'('.;;('l'\'(,5 was greater 
and fewl'l' cultivations were neel's­
:'iill"\' if the ll('W thistle shoots were 
(leshoyed ttbout H to IO days a.fter 
t~nl{'rgPJwe (27), This pt'll('tice of 
delllwd ('ultin"Ltion has bee-ome all 
dYer:t i v(' C'OJ) t 1'01 of Canada thistle. 
TI1P land :'ihonld be ('ulti vatecl to It 

depth of g to ,1 inches every 21 da.ys 
(27) .•\11 writers emphasize the ne­
r'e,.,sity of drstl'Oying all shoots at 
eac'h cultivation so that no new :food 
!:'i stored. 

Cropping 

The efl'ectivt'ness of ('ompetiti'\'e 
crops in control of Canada. thistle 
was recognized as early as 1846 
(3D). ~.f()wing Canada thistle at the 
eatly bloom stage or mowing 1'e­
peatC'cllv Itt \'ariom; interva,ls has 
also been etreetin~ (:J.n. Alfalfa has 
been one of the best competitive 
CJ'ops whell mowed at least twice 
('<teh yt'ar for hay (6,9,26). Differ­
ent forage crops nn''y in their abil­
ity to compete with Cana.da. thistle; 
nlsC). moi"ture conditions and fer­
tility of the"e ('['ops influence their 
ability to ('ornpete (32). Alfalfa 
grown for ha.y nnd clipped at the 
bloom stage was very cfrecti\~e in 

control of Can(~cla thistle in our in­
\'e:;ti~ations at Bozeman (16,17). 

Chemicals 

Salt (XaCI) was oJle of the ear­
liest du:micals recommended to con­
trol Canadi~ tJ)istle. (10.169). A brine 
:;olution was applied to the thistle 
folinge nnd In'ine or dry salt was ap­
plied to the soi1. Dewey (10) stated 
that "Salting thistle phnts c\'E:ry 
week or two during two successiye 
growing seasons in pastures where 
sheep luwe acc-ess to them, usually 
destroys them:' This practice ap­
parently was popular sinee it was 
recommended by Detl11ers (9) many 
years later. 

Sodiu111 (NaA.s~03) and ca1ciul11 
arsenite (Ca (AS202)~) were the 
most effecti \'e of several chemicals 
tested by Detmers (9) in 1027. Re­
ports of tests in 1028 (g) indicated 
that 180 pounds pel' acrc of sodiUlTl 
chlorate applied in the fall killed 
the Canada thistle but did not in­
j nre oats planted the next spring. 
,Vorkers in Ohio recommended 400 
to ·.1:80 ponnds per acre (35). Tests 
with sodium chlorate in Idaho (20) 
showed that at least 640 pounds per 
acre ,vas needed to eliminate Canada 
thistle and that moistme conditions, 
soil type, and organic matter 
greatly affected sodium chlorate 
treatments. This chemical seems to 
be the first to achieve widespread 
use to control perennial weeds. 
Hulbert, Bristol, and Benjamin 
(20) reported about 8,000 pounds 
used on 18 acres in Idaho in 1927 
ancl1,147,392 pounds used on 2,028 
acres in 1930. 

CarbOll bisu1fide (CS2) came into 
use about the same time as sodium 
chlorate. A1though quite costly, 
('arbon bisulfide was ·wide1y ac­
eeptcd fo1' use on patches of Canada 
thistle (138) on croplands. Because 
of the very short resichml life of 
ctt1'bon bisulfide, crops could be 
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planted :2 to ;3 weeks after the treat­
ment. 

A new growth rerrulator type 
herbicide :2,·1-1) (:2,±-c'fichlorophen­
oxyacetie !leid) appeared in 19# 
and w[\;; imlllediately tested to con­
trol Canad:L thistle (8, ;24). Re.­
searchers generally classed Canada 
thistle a:, l11termediate in response 
to :2,±-D. It required repeated treat­
ments for elfectiYe control (:24-.) 
Bakke (J) reported 70-percent con­
trol in 1 year with a treatment of 1 
Ot· :2 pounds per aere applied at the 
early bud stagC' and a seeonc1 treat­
ment to ('ontrol regrowth in Sep­
tember. A sUllImary of results of 
several :2,{.J) experiments to control 
Canada thistle (2.i) indicated that 
:2,±-D W:lS more effective than 2,4,5-
T (:2,·l,5-t richlorophenoxYl1eetie 
aeicl) and about equally as eJfectiyc 
ItS ~[( 'PA (:2-methy I-,t-('h loropIH'­
noxYHeet ic nci cl) . 

Comhinations of Cultivation, 
Cropping, and Chemicals 

As indicated by the. work pre­
viously cited, speeific cultimtion 
practices, cropping programs, or 
chemical trC'ntmrnts to control Can­
ada. thistlE' IUlve bern de"eloped. 
Howe.ver, with th(' development of 
selective sprays, a. combitmtioll of 

CAUTION 

If herbicides a.re handled 01" 
<l[lpli('d improperly, or if un­
used parts lU'P <1ispos('<1 of im­
properly, thpy Illay be inju­
rious to humans, domestic 
animnls, desirable plants, pol­
linating imlects, fish, 01' other 
wildlife, nnd Ill"Y eontanlinat(' 
water supplies. l"'s(' he.rbicides 
only when l1('e<1e(1 and handle 
them with (':Iri.'. Follow th(' <1i­
reetiol1s and Iwed all precau­
tions on the container label. 

these mcthods into fttrming pro­
grams is the most pl'artieal way to 
control extensivC' infestations of 
Canada, thistle on farmlands. Such 
com bi nation methods \\"('I'C' found 
by the author to ('ont rol whit(>top 
\Tery effeeti\'C'ly (JlJ), and SOllle com­
bination methods to ("ontrol Canada 
thistle ha\'c also been investigalt'd 
and reported from South Dakot:l 
(7) . 

Three experiments designed to 
evaluate cultiYation, C't'opping, and 
chemicals, alone and in sen'ral com­
binations, were conducted in Mon­
tana and Idaho fl"Om 1DG;3 to 1960, 
in selected fields where a dense nat­
ural infestation of Canada thistle 
occurred. 

Experiment 1 was begun ill 1053 
and consisted of Hi treatments in­
\-ol\'ing cultinltiotl, (Topping with 
wheat, forage grasses, alfalfa, corn, 
potatoes, and peas as crops, and sc­
lecti\'e spraying with ~,±-D and 
~rCPA. The plots were established 
in ,1 fairly uniform infestation of 
Canada, thistle on 5 acres of highly 
productive silt loam soil on tlHi 
MonbwlL Agricultural Experiment, 
Station. The treatments were ran­
domized and replicated foUl" times 
on plots 3:i feet wide and 80 feet 
long (Via acre.). 

Experiment ~ was concluded in 
cooperation with the Idaho Experi­
ment Statioll. The efl'orts of Hugh 
C. ~fcKay in this work are gmte­
fully acknowledged. It wns also be­
gun in 195:3 and ("onsisied of 11 
treatments similar to those of ex­
pC'l"illlent 1. These ~io-aere plots 
were located near Newdale, Idaho, 
on a 5-acre Held densely infested 
with Canada thistle. The soil was a 
silt. loam typical of the Upper 
Snake. Rin'l" Yalley area. Grain and 
potatoes had been grown in this 
fieM for many years before the ex­
periment was begun. Small grains 
had been grown in this field the ± 
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pre\'ious yt':lrs, l'e,.;ulting- in a low 
statl' of fl'l'tility. 

Expl'rilllent :3 was heg-ull in 1fl[);i 
OIl (1 lease(l sitl' of yariable silt lOllm 
soil Jl{,llr BOZPllUlll, ~rollt ,. tlll(l COJl­

sisted 0 f ,"i t l"l'atnH:'nts. Small g-ritins 
Im(l been growJl in this nel(l tIl(' -! 
prl'\'ious years an(l thE' field was 
headly inf{'st{'d with" ild oats a~ 
well as Canadtllhisth·. 

The plot;.; of all thrl'P ('xIll'rillll'llts 
y;(')"(> llu:!!e pnou!!h to b(' farmed 
with I'pgnlar 1i(:ld equipIMnt. _\. 
cluekfoot ('\t1.ti\"ator with l'irrid 
shallh and Hi ;11(']\ SWl'PPS witl{' a­
inch o\'erlap ., is u;:ed. All plots 
W('t'l' plowed in the spring- tll{' l::;t 
Year and in tlw falll'aC'll yeal" thpl'e­
[dter. Chemicals w{'rt' applied with 
a tra('tor-lllountNl sprayer with a 
:W-Eoot bool11 l'ollsistlllg () t' t\\"o 10­
foot se<'ti()n~. Trp:ttmeJ1ts wpr(' con­
tinued for [) veal'S to asse::;s their 
long-tim(· \"ftltle in eradicatin:;r Can­
ada. thistle. 

All wh(mt plots were irt'igatecl 
onc<' each YNtl' tlt Bozeman and 
tWle'; Nl(:h·Y(,lU' at Xewdale. Al­
falfa, ('Ot"ll,· and potato plots I'e­
f'eind additional irrig-ations as 
11p ('(1('(1. 

The pt'l"(·nnial grass lmcl alfalfa 
l)lots werl' seeded\.,.ithont ('ompan­
ion C'mps, and w{'r{' mowed Oll(,(' 

cluring the year of s(,l'ding. Thp hay 
plots at Xe\\'dale were fertilized 
with a{) POlllHIs of nitrogell and lO() 
Jlounds of phosphat{' fertilizel' 
(P,Ds) per:t(,l'(' in the seNlIing year. 

Tlw Canada thistlp popidation 
was sampled ill .lUlU' eadl year by 
('ollllting the ;.;hoot~ within penna­
nent sqU:lI'{'-yard quadrats. Orig­
inal ('ounts Wl'I'{, made the 1st yep.r 
of e:tch psperilTl('nt, l)('fol'l' t~l'.at­
l11{'nt;; WPI'P mad{'. TIll' ptl'pd of 
trpatnH'nts Oil ('\H1I1'ol is presented 
('lwh YC'lU' n;.; the (ll'l"('('nt<1g-(' of that 
ol'ig:inal ('Ollnt. 

Samph's to dNel'minp wheat an(l 
forage yl(·lds wen' takt'll from tht' 

!'ame quadrats inwhic\t the thistles 
were countecl. 

Control of Canada thistle by sev­
eral of the euHi\"ation, lTOl)ping-, 
an<l chemical treatments was ('xcel­
lent. Tlwl'(, was a ([('/inil!.' economic 
ttllnmtag-e in combining- fl'rtilizel' 
and :2,4:-D treatn1l'nts in wlwat in­
fl'sted with Canada thi;;tll' a;; wl'll 
as an adYllntagp in l'ontrol of Can­
ada thi:;tll' (table I; tig.5). 

The data presl'nted on, Canadtt 
thisth' SUlTinll in tables I, i', and 
U werl' obtainl'{l in eady .Tulle PRch 
year lwfore annllal spraying or 
mowing- OL' eultinltion. The data 
represent tIl(' effect of control meas­
ures taken the previous years. 

Ep.FECT OF SPRISG waE.\'J' cnop­

{'[SQ, ccr:nYNrlOS, Sn'ltO(;ENFER'rrL­

IZER••\SD :!,-I-D SPIL\Y OS COS'J'ROL 

Or' <,.\S.\I).\ TfI ISTI"", .\SI) YlELl) (n' 

WIIE.\'l'.-The ~tand of Canada this­
tle in spring wheat was eH'ectiyely 
reduced with annually repeatNI 
treatments of 2,4-D alolle in all three 
l'x[lPL"iments (t.ablp 7). 2,4:-D was 
much more efrecti\'e the 1st Yl'ar of 
treatments llt Bozeman than at New­
dale; howe\'er, during the 2d, 3el, 
:1.nd ·1th years the trend ,,"as about 
the same at both loc[ltions: and by 
the 3th year sUlTinll of Canacla this­
tle \,"as mueh the same for similar 
treatments in spring ,,·heat. :It all 
locations. . 

App1ications of nitrogen alone 
at Bozeman resulted in an increased 
g:rowthof Canada thistle and an in­
(Tea~ed yield of spring wheat; ho\Y­
{'\'er, appli('ations at Xewdale re­
sulted in no ttppreciable change in 
growth of Canada thistle but re­
sulted in an i~1('l"eased yield of wh~at 
(table 7). r[ he p1'enous cropplllg­
history of thesl' locations probably 
coatrillUt('d to this c1ifl'el'C'nc{' in 
growth of Cnn:ula thistle. (Sec p. 
'\;1,) "Wheat responded well to llitro­
tr(,11 at X(\\\"d:t1(· lind nHHIC'mteh- \Y{'ll 
~t BoZt'IlHW. By mmpal'i:;ol1, ~dleat 
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i':,j,~ J. :.~ i,:~I'd rh., <1!Ul' hllr 
,'.t 1"< ~ f:,' !dld ~Lt:":'.· 
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TABI.E 7.-Etf·cot of 81)1'ing 'wheat (fJ'oPl)ing, cultivation, nitq'ogen !m'tilizel', and g,4-D spray on cont1'ol of Oa9wila ~ 
thistle and yield of 10heat 1-3 

~ 
---"~ .................. 

}';xpt'rIUh,\OI ('lIl1nd" thistle Inlestallon In ._- Spring whenl yields lor··- 2!Annanl wheal rleld __ :-':itrogell 2,4-1) o.'- -- *- ~- ....... ~ - ~ --~,---~"--........~ -,..-,~" --- .. " ... ~ 
---.--~-sprny -----~,---

:\0.1 ('rop or l'ulturnllr"l\unrnt ~d yeRr 3d ),PM 4th ),<'lIr 5th yellr 1st ),Nlr 2<1 Y(l!\f 3d ),(·nr .... 
I"rtill?!'r 

4th yetlr 5th )','\lr A ,·crnge. A "cr:lgo 
Co>inC'rcnse 3 
00 

----,.-~~.---',--,----

0> 
Lb.facrr Lb./acre PaUlli Percent Pereelli PnCfllt JlII.lacT< I1I1.IlIcre 1I11./llcre iJlI,/lIer. /J1I.lacre lJlI./llcre 1/1I./lleu:'lpl'ing wht'at •.•. .,)0 3/4 8 2 1 '1 56 60 52 70 44. 56 28 ~2., . ,do. no ' 2 99 25 8 :3 77 77 48 35 (5) a 59 37 :r.3 do. 50 3/4 23 6 1 3 30 31 20 15 41 27 12 

t; 
A \'('J'age. _•• _ t'143 11 4 3 54 56 40 40 43 47 26 "d --- --- --- --- --- --- --- ~L. ~pring wheaL __ • __ ._ 502___ .___ do .. ____________ 115 214 255 338 63 48 29 30 15 37 9no 165 136 169 142 73 56 28 22 (5) 644 o3. __ ' ___ do. _.. _. _ 22 I'lj50 no 245 189 160 27 23 11 12 21 19 3 

:>­
1\Yl'l'agr .. 123 198 204 213 54 42 23 21 18 33 11 

o 
::u = --" --- -­1 ... _ Hpring whC'aL ___ .. _,_ 

~-=' -- --- H 

3/4 14 2 6 54 66 48 44 27 48 202.. . _ ..do. , 2 l?­]52 _iJ 57 33 30 35 20 2n (3) 629 73_ _.. do. :J{4 30 23 21 15 21 ~ 29 19 12 31 22 7 ~ 
A\'cl'agp t;:J65 50 26 IS 32 43 29 28 29 33 11 

-- -- --, -_. 
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Spring WlWHI telwek) 	 1l!J 146 156 
2. do_ 1!J6 21U 170 
:1 do. 113 253 21!1 

An't'agl' 	 14:3 206 182 
:':-~ -- -<-- ---. 

lsI, :1d, lWei 'jth ycars- 3/4 (1) (1) 0 
~\llli\":ltioll; 2d und 
·llll Y(,llJ"s~spriJlg 
\\'lwlI!. 

:1 uO :1N 0 2 4 

.A.. \yeragC' ~ 	 (1) 2 
--~,--~--

~O CfOp'- -lIO euHh'll- 2 2[.; 41) al) 
lion. 

L. do. _ 	 13G 188 .142 
2 	 1st Y(,llI'-~lIlth'nlion; :~/4 8 1 (1) 

1\('xl <1 y('ar8~spring 
\\'1wlI! . 

t Id('ntical tn'ntJ11e'nt:; compafed in scparute experiments; 
(1) BozC'lIlall, ::'IIonl., begun in 1!J53; (2) Newdale', Idaho, begun 
in 19:3:3; cal Bozeman, :'Ifon L, begun in 1955. 

2 1'1'J'c('ntage of originni infl'station first year. Data are aVe'l'tIges 
of 10 rOllntR 011 4. J'eplications, B by a [('('to 

218 4n 3S 2~ 20 12 28 0 
168 :30 23 10 I6 5 22 0 
122 2!l 13 6 () 2:~ ]5 0 ~ 

') ­16!J 36 _ll 16 15 ]8 22 0 
tlj 

--.~-~- '-'¥~-	 :::.;;;;:=::.;:-=.:
--~- -'-~-' -",- -. -- -'----- ~ 

(5) 5f) (5) 5!l (5) 628 6 >a 
l:<l 
tlj 

2 (S) 42 (5) 28 (5) G 1!J 0 
tlj 
(')

0 41) 0 4·1 0 24 :3 g-.--- -- --- -- =-.=:; -- ==:'':;:::;'''::': o----~ 

')-	
---~ 

_ll (5) (6) (6) (5) (6) (6) Cl 
~ 

152 (6) (5) (6) (6) (5) (6) 
(1) () SO 48 40 (5) 642 20 ~ o 

(') 
o 
Z 

3 CompnJ'ed wiLh llpring wheat check. >-'3 
I Rnle incrensC'd to 3 pounds pc!' :le!'(' lIfte!' lsl yenr. l:<l 

5 No erop grown or 110 yield sampJr, obtnined. g 
6 A\'el'nge computed using 4 YPI\J's instend of 5. 
7 0.11 percent or less. 	 o 

I"%j 

~ 

o 

; 
:>-
~ 

t:<:l 

::l 
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110 ('l"Oppillg-, ill<li('ating that ('ontrol rh' wa" DS pl'["Cl'nt with ('ultivation 
of thistll's with :2,-!-D ,Y'ls.enhan('l'd aml (Topping comparl'd to an actual 
by spL'ing wh('at ('olllpetilioJl, iI1l'l"t,([s(' 11l in felimtion with eontinu­

In all t ht'Pl' l'xperinH'llts, ["epeated on:> :>pring- wheat cl'opping. 
('ultimtioll to control Canada thisth' 
was ('Ifl'ctin. On the aYentg-e, 1 sea­ EI'FEl''l' (Il-' FOIL\(lI': ('H{)I't'l~G, (,FL­
SOil of (,tlltinltioll involvl11g six or ']TR,\L l'H.\("r[{'ES, ~I'l'llOGE~ PErt'rI­
S('Wtl opl'mriOllS pI il1linatecl Os per­ l,lZI-:n, ,\~J) :!,I-Il :-;l'IUY ox C()~'l'ROL 
{,(,Ill' of tIl(' C'lltuula thistle, {lr (',\X.\Il.\ 'l'llfSTLK-Alfalftt COll­

('orllparinp: yields of the spring sbtl'ntl\" ('ontrolll'd C'anatlll tltistlp 
wheat ('}I(>('I\: tr('tltlllent~ for ~ ypars \\'lll'll nio\\,p<l t wiel' ('Heh y('al' (tnhll' 
at Xl·wdale \\,itl! tIl(' yields a.fter 1 :-;). Tlll' olll \' \'Hriatiol1 ill tllt' trent.! 
war of ('ttltinltion'shows a 17 amonp: tlll" (111'('(' pxperinll'llts 0('­
ilu::;hpl yit'l(l uclnlllta tr(, for 1 war ('lIlTt'd at X <,,,,dale what' Canada. ~, 

of {'ttltinlt ion :tllll 1 \'par oJ wheat thi:-:tlt' .showl'(lll !-'light iIH'I'PllSe dur­
on'!" ~ wars of whefl!' Production illg tIll' ypar of :ilfaifa establish­
,'(bis f(~r (Jill' !'t'ot> and 1 yl'lll' of IIIl'llt. In\'xpl'rill]Pllts 1 and:3 thert' 
('111 ti I":t! ion would 1>(' ('on:-;i(ll't'llhh' was a slight ill(,l"t'ltSl' of ('anada 
II':'s t hall {'ost:-; fot' ~ yl'tU·:-; 0 r ('!'06- tl.istJt, dui'ing tll(> lith yl'llr of al­
pinp:, ,\J::;o, l'ont 1'01 of ( 'HllIUla, this- raJfa. This increase has oftell been 

TABLE 'K.--EjTect of cropping, c1iltllral practices, nitrogen fertilizer, and 
2,;"-D spray on control (~f Canada thistle 

EXjl<'ri­ Treatment Cnn:td" thistle infestation in '­
ment 
~O,l r'ropplng: pr'.lCtices =-'itrogcn 2,4-D 2d 4th 5th 

fertilizer spray year Y.e.~ .....~cY!'.~... 

Lb.!a,.,. Lb/acre Percent Percent Percent Percent 
Alfalfa forage crop and 14. 5 (3) 0 

mowing twicn (>{tch y('ar, 
Alfalfa grass mixture and 1~1 11 11 (3)

mowing twic{' ('aeh year. 
do..... 46 17 16 5 

Axerage_ .... _... 60 11 o 2 

Foragf~ grass and mowing_. 2;J 3/4 13 3 o 
_do 80 '2 I\) 8 3 
do .... 4ll 3!4 102 25 

A\'erage__ . ____ . 45 12 3 1 

L Potntops 1st year; silage so 3/4 18 o o o 
corn continuous other 
years. 

::-;ilnge corn (·ontinuollli_ •... SO 3/4 7 6 1 4 
Gr:1~tl s(>pdpd in rOW8 for 2.1 1 10 2 ·1 2 

<;('(>(1 production and 
sprayed X weeks nfter 
I'mergenc(' 1st year: 
:;prayed once euch year 
for next 4 years, 

1 Idpntieal trl'atments eomparc'c\ in separate <'xpcrimcnts: (l) Bozeman, ::\[ont., 
bC'l{un in UJii:l; (~) X(>wdaie, Idnho, hegun ill lU.i3; (3) BozemLLn, ;'[ont., b<'glll1 in H)55. 

Z Ppref>1l tage of original count made tlH' Jst spar. 
J 0.5 pprccn t or jps:;, 
• Rate inerensed to :3 pounds per ncrl' after 1st y<'ur. 
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oiJservl'd, .\.s the ttl faUa "taud is 
thinn(>(l ane! wt'akened by age, Can­
ada thist Il' begins to in\'adt', For this 
l'(>ttsoll and be'('llus(" alfalfa yields are 
lower in stands () years olel or older, 
alfalfa fh'lds nOl'mally should be 
l'otat('d tn other crops'after .~ or j 

\'C'llrs. 
. Fen'age' gra:;s t hat was 1110\\'('(1 to 
silliltiatp pai-tlll'ing and sprayed 
with ~,~,D was about as C'lfedi\'e 
as alfalfa and lllOwln,g in ('ontl'ol­
ling- ('nnnda thi"tlr (tablp K). SiJagp 
('ol'll \\'a~ all l'11'('din' I,'olllpetitin' 
('['or> fol' ('()ntl'ol of Canadlt thistle 
Sl!1c(' It ~ ..~-J) tTPatnH'nt a:; well a" 
Intl'I'-I'OW {'nltivatin!l was possihll' . 
•\.('tual ('lilllilltltion of Cantl(bl this­
tl(' O('{'\IITP!l in l'XPPl'illH'llt 1 with 
potat (JE',; andl'ltf t inIt ion t hI' bt year 
and sibge COl'll antI ('l1ltinltion alHI 
spI·:tyin,!! tIl(' following ,~ Yl'ars. 

EF'r'~:C'l' en' ('ERT.\1X HOT.\TIOXS, 

(TU1Trt.\I. I'R.\(,TI('~;S••\ Xl) ell 1-:)[[('.\1. 

SPft.\YS ox ('OXTIWL 0'" C,\X.\D,\ 

'l·t[[S'rI,~: .\Xf) YH:I,O OF ('BOl'h.-In 

gelwl'al, eadl (,I'opping, ('ultural, O!' 
spntyill~ practi('p was ('([ually t'1l'C'e­
tin~ when ('oll1l>iJ1(,(t into It l'obttion 
01' f~l'nling pl'ogram to ('ontl'ol ('ttll­
(lela thistle (table !1), .Uialfa OI' 
grass fOl'llgp (TOPS that W('rt' l110wpd 

or the gf'1tss spnt,\'pd with ~ ..t-1) and 
Illow('cl 1'01' :j Yl'llI'S each l'e!lllcp!l 
Canada thistle'so that lat('I' ('('ops 
of potatops. PPllS, or wlH'at W('I'C' 
littlo :ttl'(,(,t('d by titist/p ('OIlI[Jetitioll. 

Yi('hl:; 0 f l)(laB \\'('1'(' W'IH'!"IIl.\· 
"arisfacto['y when :'IH'ay('(L with 
.\[(,P.\., although till' cOlltrol of 
Callada thisr/(I I\'aS tC'lll(lOt'(ll'Y and 
SOJlIl'\\'lutt PI'I'at it' at till' rates 11:'('(1. 

)f( 'J>.\. at ]1 pound IWI' (1('I'C' ('OIl­
rl'olh'(l ('anada thistlp 1('"..; pII'('('­
tin'I.}· thall at 1 ~ IlOlllul (WI.' He['(', 

but li~ pOllnd pel' Hen' injll1'ed 
the PPIlS 11101'(' as :·;1\0\\'11 hy \'lswt! 

sYllllltOIlIS. ITo\\'l'\'PI'. the yields of 
pells dift Ilot <litI'(·t, significantly 
\\'lwl1 pit IH'l' Ii or 1 ~ potl1ul pel' tU'l'P 
was applil'<l. P('l'haps flip Injl1[,Y 

caused by tite highet' ratl' was olr::t't 
bv bette'i, weed' (,Olltl'Ol. The \'el'Y 
Ic)\\' yield (, f peas in the ;hl veal' wtis 
a I'e:;ult (tf ::;en?l'e c1aI1Hl~e fl'om 
~,+-D ('ontalllinntion of thc~ .\t('P.\. 
':;Pl'Uy that year, 

Se\'el'al eombinntiom; of ('['op­
ping, ('ulth'ation pmdic'e:;, and 
:;pl'ttying l'1l'l'"ti\'('I\' ('ontlollec1 Call· 
aeia'thistle. ('onsGot('m'Y with 1'01­
lo\\'up tl'eatnll'nts ttncl well-man, 
ag(>d l'()J\qwtiti\,e l'l',)PS ill(,I'easl'<l 
r,ontrol. D(>I;;ehiec1 (1) reported 
similar 1'l':;t11ts in a s(>!'il's of simila!' 
('ol\lbi nat ion:; ot ('Ollt 1'01 lI\('asul'l'S 
in l()(i1. 

E(,()xo~.[J(' .\()\'.\X'['.HH: (W X(TRO­

(a:x FEItl'fL.IZER .\XI) :!,,!-f) BPR.\Y 

l's~:n TO (,OXTRor, C,\X.\D.\TIIlS'l'LE IX 

BI'IUX(; WI.lI-:.\T nELDs,-In('!'('asecl 
yil'lcls and net t'eturns from spring 
wlwat (,l'OpS fc'l'tilize<i with nitl'Op:en 
an(l s[ll'a)'('d '\'ith ~,.~-J) WHe SP(>('­
taeular (tablc' 10), The cost of 
nitrogen or ~A-J), or both. was de­
duc'a:d frolH the yield increases 
aho\'p the' t'ilP('k for fUlll' trpatments 
Oil spring ",h('at. The Il('t inct'l'ftsl'd 
l'pbtl'll from nitrogen and ~,'l-D in 
B[ll'ing whpn t rnJlgNI from n,ii to 
:3H.i') dollars per acre, assuming the 
llrire () f wheat at $1.00 or $2,00 pel' 
iJushel, respedi \'e.ly, Xit L'Ogen alOlH' 
Ol' :2,·h-D alonC' al::;o l'Psultccl in 
profitable ['eturns, These data em­
phasiz(\ that such tre'atml'nts not 
on1\' ('ontrol Canada, thistle' but also 
an" e('ollomil'ttlly pl'ofitable, 

YIELD 0'" HPRIXG WTIE.\'l' .\S ,\1,'­

1"E(,'l'EIl BY TDm Of' Tf{E,\T~mXT (W 

C.\X.\f),\ TLISTI,g BY II.\XDWEl':IlIXU 

Ol( :!,-!-l) ~W!{.\ y,-As ~ho\\'n ill figllt'l, 
-h, ~Pl'illg wlH'at yil'hllossl's, ('nns('d 
lIy cOtn()(·tinp- CllJ1ada thistlc' plants 
at- \'nt'iolls 1('\'1.'15. !.!,'(>Ilcmlly in­
CI'Ptl,:p(l (iil,(·('tlyin Pl'f)pol'tion'to the 
illl'I'PttB(' in (lell:;ity of the infpsta­
rion, Eat'ly [,pmen'al o"f Canada 
thistll' ('()I;IJ)('tit'ion ,fl'olll spring 
wllt'at by luuHhY('('<iinp: 01' :2,+-f) 
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'rAD!.},; 9.-E.ffect (d certain rotations, cultural practices, and chemicaZ8]>l'a,Y8 on control of Canada thistle 

8and yidd of crops t'l 
(j 

'-rrCMmrnL ('nnndn thtstl" 
---------~- •.--..--...-,~--.~ ...~ ....-.--.------ ...--. inlestatlon ill .-- Crop yields lor- ~ 

};xpcr. Spray H 
Y~nr 01 (j 

linent In\~ltlll~nt ~-----.--
lot 2d 3d 4th 5thNo.' ('rop Cultural Jlrllctic~ llcrbicil)(o HaUl 01 2d 3d 4th 5th ~ 

lls~d applict\· yenr 'year yenr yellr yenr yenr yenr yeur yenr 
ntlon t:d 

d 
t"'

J;b./ Pir... Pcr· Prr~ l~tr.. 

aat celli <till celli celli f;; 


1__ SL Hprillg II'hpllt :2,4-1) :V4 8 
--- 3 .i7. 0 j:2.0 j .J. :2 .. 5. [) j 2. tIr

:2d to 5th. Alfalfa _ :\[owing. 7 Y. 
{ 1st to :~(L U ra;;s Pllst Ul'(·. _ .do. _ :2,'1-] ) :3/4 2: 
4th_. __ • Spring wllPat _ . 2,4-D a/4 S' 
:iUI _._. P(,IlS _. ____ :\fCPA 1/4 17 7 5 X ~ • H j 2. 4 • 2. a 348 3 flO .... 

00 
.) {1st to :1d Alfalfa_ • :\[owing, . 

4 ] l4. 6 j 4 4 ] I. 5 --(~r - "'" 
-. ·Hh ]'011110('8 \JS 21 a 7 3' 

~Olll' Cult iva lion (4 2,·1-1) 2 
.) tinws) . 

(5) 390.4 359 30)2 (5)-. - 2e1_to Hprillg ",hel'lL ___ Nitrogen 2,4-D a 
.. th. fertl ..zer. t'lr q 

I'd 
~pJ'ing wheaL _._ 2,4-]) 8 

.) 2d 10 AIfalfit grass ;\[oll'in!!.r ---
i:n 

tl 

0-- .. - 4th. mixlllt't'. ":1 
... H_ ... __ ...... ___ ._;jth _ Potato('s_ _ _ _ .. 7f' flO :30 4 3 :3D j 1 44 j 4 (5) 

- ..... + ..... - ­

:>-
NOIIC' _____ . ___CSL & ad Cultivation ••. _ ------ .. - .... .. (5) .- 0 

L (5) 364 (5) 346 ::tl2,4-D 1:3 2 1 2 .... 
;j2 i1 2D 37] 363 311 340 34:3 d 

2d & 4th WintC't' whC'aL •.. :3/4 
(j 

L 1st to .,th 1'l·:lS ... ?I[CPA 1/4 40 
~ 364 31)6 3 14 344 3421.. _ 1st to ;Jlh . .• do. ;\iCPA 1/2 22 27 :39 6 d 
~ 
t'l 

1 TrC'atmcnls compat'C'd in separatc cxperimcnts: (1) Bozeman, 3 Bushcls per acre. 
l\Iont., begun in ]9.5:3; (2) Newdale, Idaho, begull in 1953. j Tons per acre. 

2 Percentage of original. infestntion ]st year. S No crop grown or no yield sampic obtained. 
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TABLE lO,-Increased net return from spring wheat in jiflcls treated 1/)'ith 
nitl'ogen fertilizer an(l '2 ,4-lJ '~l)ray to control Canada thistle 

;-let annual Increased return per 
acre frolll spring whent uftcr 

Cost of Yield of spring whent c()Jlsldcrln~ costs of nitrogen 1\nd 
TreatmeIlt trentment per ticre 2 2,4-1) If wheat sold far­

per Ilcre 1 
Average Incrcase 51.00 (lcr $1.50 pcr $2,00 per 
annulli ovcr check hushel bushel bushel 

BUJ~el. BUJhelJ 
Nitrogen + 2,4-1) l;pra:y___ _ S12.iiO 48 26 $13,50 !32G, 50 $39.50 
2,,1-1) spray~-no nitrogen ... 3.00 33 11 8,00 13.50 19.00 
Nitrog('n-no spray. __ \,l,50 33 11 1. 50 7.00 12.50 
'No nitrogen-no spray () 22 0 0 0 

(check). 

1 A\'('rag(~ cost of applying ft'rtilizt'r Qr spray-$l pt'r nert' cnell; ltvt'rage cost of 
nitrogrll p£'r aef'(' (Gil pounds at l3 l/:! ernts p('r pound) -$S,50; :wrragc cost of 2,4- J) 
sprllY 1)('1' acre---$2. 

2 A\'rrllgc of 3 experiments, with 4 rrplications each. 

ell\·ctin,h' lllillilllizpd tIll' yil'ld loss 
ill two (';qll'l'illlt'lltS at i{07.(,llllln, 
WilK [lJlIl Ul:J!J (tab It, 11), 

In l!l:JK Thakhl'l' spI'ing wheat 
waS s('('<lP(l with a (i·foot, l~-hoh' 
('el'pal <b'ill ill an HI'P1t of fail'h' 
hN1\'\' Cnna<ltL Ihi~1 It' illfl';.;tntioil 
(1;) to 2:i ;.;hoots [>l'1' :-if[ lIal'p yard). 
Xitl'Og-Pll ft'I'!i1i7.l'l' at ;;0 POllIUh; pel' 
llne IHHl bl'PIl hl'oUel<'II;;! (}\'PI' till' 

I)lot. (lI'P;L bPl'ol'p ;';<'l'dillg, Plot;.; "'('t't' 
mll(h\'pedl'(l ,11Hl ~,.~-J) wa:-i tlpplil'd 

on di ti'l'n'll I da \"s a i'tPI' wlit'at 
PIlll'rgpd. . 

Th'l\ pl'o(,Nll1re in Hl5D wa~ ;.;imi­
Iru' to that in H)ilH but 11\01'(' trl'at­
lTlpH!S \\"PI'(' {{,Rtrd. Thp 1('\'('1 of Can­
ada this! 1(' ill fpsta! ion was l<nyer i It 
1D:iU, varying from H to 15 shoots 
pt'l' ;.;qwtre ),ltl'(l, all(l thl' infe~tation 
Wtl:-i in It fil'ld that JUHl I>rpl1 fllllow('(l 
and "IIltimted twice in Inil:->, These 
factors prolmblv ('()Iltl'ibuled to I Ill' 
hig-hpl' wILpnt yi'plds ill l!);j!). 

"'itll all treatmE;'I1!S to ('ontrol 
('annda Ihistle, wheat yields de­
("['eased as tht\ tinlt' from emel'gel1ee 
to tl'('tttnl('n! ill<'I'ea;.;ed (tablp 11), 
:;howing til(' etfect of thistle <'ompp­
titi()Jl Oil wilpat. In l(J;;H with a mod· 
('mtl' to hNt\,\, inr(':-italioll of C:m· 
ada thi~tll', l;nndw('Nling 1G (lass 
tt!'tPl' l'1lIl'I'gl'l\l'l' jlll'l'Nlsed thCl yield 

~1.7 bu;;hel;; pel' acre over the (,heck, 
a :21h-IOlcl increase. ~,-l:-D trcat­
Illent;; at 1 pound pel' acre at, thl> 
;;ltllH' timl' increased thc yicld 12.D 
bushel;; per acre O\'er the. yil'.1cl of 
the ('hl'('k. Ilowe\'er, yield inCL"CllScd 
less when :2"l-D was applied ao days 
after elllergence of the wheat, and 
yield did not increase when 2,4-D 
Wll<i tLpplie(l ;)7 aays after ~merg­
(\11('('. 

Hesnlts in 1D50 with a, lower level 
of thistle infestation also showed 
thM with all treatments wheat 
yi('hh, de!"l"eased as the time from 
l'nll'l"gel1ec 10 treatment increased. 
'l'hl're \\"as a trend toward inn'eased 
yield when aminc 2,.1-1) was applied 
:;, days after emcrgence. ~,-l:-D ap­
plied 4G days a,ner emergence ?f 
wheat tended to CtLUSe :t decrease III 
\\"11('ttt. yield. The cster formulation 
or ~"l-l) apPfu'ently injured ,,,heat 
nlore than the amine :formulation. 

In 10;30, wheat yields werc not, 
;;ignifi('aJ\~ly greateL' when 2,4-D 
WaH applted Hi days n:fter wheat 
('merged than when it was applied 
:~() d:tys an('r wheat emerged. This 
woula inc!i('ate a grealer injury (-0 

",hl'a'! In" 2,·~-D wlll'n it waR :tpplied 
at the p;uly dtlte than when it wns 
applied at the later date. The 
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TABLE II. 

tv 
t:-.J 

to; 
(') .... 
'""' 
o 
~ 

::­
t' 

·Sprint! whwt yir·lds as ajTfcied by linll' oj treatment oj Canada thistle by Iwndwttding or QA-D, B()Zerna11, 0:1 
Jiont., 1958 and 1DtiD 

'rime of trt'atm£'nt 

Stage of plant developmont 0('-
1)"yS nfu'r whral 

I!'JO<'rgencl' 
Wlh'at 

Hi. 4 to li \!'uf. 

:~{L . Full r tillpf(·d. 
:37 . \'pn: parh' boot 
·I:i ~ric1-boo(.. 

.\YC-ragl' 

Crl!ludn lhistll' 

J 115L (Ilwrged or H-lrnf 
l'05C'U('. 

Enrly bud 121 inclws) .. 
LalP bud (aD inclws). 
Fir:lt bloom 

1 "-Significantly darPrC'nt from check at 5-p('rcPllt 1('\'('1. 
~ Applied at til(' rate of 1 pOllnd per acr('. 

1955 
-

Hand· 2,4··1> 
Wt'ru~d 	 umhw' 

Bu.'acrt 	 Bu.!arre 

ali. i* 	 ~i. H* 

ao.o* 	 2·1. 2* 
Iv. n 

aa. ·1* 	 24.0* 

Wh~:lt yit'lds (or trcatml'lItS in , ­
'-~~-.--~----~;--'--'-~.'----

1959 
---- -"--",-.-~ .. - .- ---­ ~.~'----"'-

C'Jwck Hund· 2,4-1) 2,4.1) 
w('l'ued umlne • <'stl'r t 

11/1., acrr 	 JIu ..·acrt Bu.;acre Btl/acre 

Ii>. () .'iO. u* 4:3. ,i* an.}; 

I.'). () 4.). i* 4a. H* a!). 2 
1.1. (J 4') .,* 40. li* :~ii. I 

41. !l* 	 aii.2 2n.2 

J.j. () 4.'i. 2* 4D. H* ail. H 

3 ,\pplied at the rut!' of :1.1 pound ])('r aen'. 

C1 

8 
to; 
-3 
Q 

Chl'ck z 
o 

Bu.!acre c..: 
<;r.,:m. i Co 

a6. i 
all. 7 if;

ali. 7 
~ 

b 
t'l:~t3" ; "d:-: 
o 
'=:l 

:>­
::0 " .... 
o
c: 
t'..,
S ..... 
t'j 
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~L'Nttl'r ('ol1lpetitioll of Cnna(l:L this­
til' Oil thp llttl'l' clutl' and the filet 

that ~,·l-D was less injurious on till' 
wheat thpll npparpntly oJl'sPt this 
grpatl'l' ~,ol-]) injl1l'y on til(> parly 
clate, TIll' data for In5R did not ill­
dil'at(> this PlLL'ly injury; ho\\,('\'er, 
the IlPll\'iPl' in fpst atioll 0 r Canada 
thistll' ill thl' ID5S plots limn ill tlll' 
Ill;)!! plots may h:t\,p [l('('oulltpd for 
tlwst' dill'pL'l'llt rt'slllts, 

E\·.\I.l'.\'l'lO~ OJ-' (,1I1~)U('.\rn'" Fon 
('O:-;TltOL (W ('.\~,\I).\ TlnS'I'LI': ox 
~(J~('I{()I'I..\ ~J)s,oSP\'('I':tl i Il\'l'st iga­
tiollS or IH'ontising hpl'bil'ides' to 
('ontrol Cnnada tit ist 1(' wer(, (,Oll­

(l\H'tt'd IlP!L1.' BOZl'IlUU\ fl'OIll W5~ 
through IDG!t 'rhl' sitl' of thes(' plots 
was :tn old. in fl'station of Canada 
thistlp on a fpl'tilp ~iH loam :;oil on 
PXIlPL'illlPnt :-itation lalHl:;, Indi\'i(l­
u:tl plots \\,('1'(' 1 ~qIJar(\ rod and 
1>0['(1(,l'5 W('l'P stl'rilizl'Cl with sodiulII 
(,ltloL'!lte to PI'('\'Pllt (xlI'deL' efrE;'cts of 
adjacPllt tl'eatllll'nts, Sprays were 
!1..pplied with ('ompn'"secl-air lmap­
sack ~pl'n'yl'l'S at the L'ate of +0 ~nl­
Ions of watpr pel' net'e, Pellets OL' 
~ranuJps were broadcast on til(' plots 
by hand, Efl'ect~ of tTeatments on 
Canada thistl(' \\'Pl'(' det('l'millNl by 
\"iSUttl l'stillHttps or bv shoot-('otH;t 
comparisons with a ~'he('k plot in 
PII('h L'Pp1ic'atioll, 

.\11 ('xtel1sin' sl'l'ie.s of ('ornpari­
sons was he~ull ill LD3H with appli­
('lttiollS lIuHle on .\pril ;m bpfoI'l' 
Canada tilistlp PIllPI'~l'd, on ,Tul1l' 1~ 
at its l'itL'I\' bud sttt!!l', [tnd 011 .T uly ~ 
at its fir:.£bloolll st'a~e, ' 

~l'\'l'ral soil stpl'ilnnts applied ill 
.\pl'ill'ontrollpd (':tllltda tlustle foL' 
till' fll nSl'ason t lIP first yeaI' (tablt, 
U), ~!OI1lIl'()11 (:3- (lH'hl(il'oplH'nyl)­
1,l-diIllPth,vllll'pa) at HO pOlll1<ls'I><'1' 
ael'e was til(' r1l0:;t plfpdin', XO Call­
ad1L thistl£' was found Oil AII!!u:;t ~(), 
1!l5"i,ol'.fuly 1, I!l:)!), ill plots' tJ'('ate(l 
with 1I101l1lL'OI\ in W:l;-, bllt "OI1H' was 
i'ollnd 011 .JIII)(' I, woo, In fad. ('all­
a(h~ thistJt, was till' ollly plti.nt in 

these plot:; in 11)GO, Sill1azine (2­
('h10I'o-+,H-b i:; (e til y1a III i Il () ) -8-trin­
zinp) at IG POl1IH]:; pel' :Lel'e and 
i'l'IlU 1'011 (;3-pheIlY1-1,I-d i methylu­
I'pn.) at -hI or ~() poul\(l~ per aCl'e also 
l'ontl'Olled Canada thistle the 1st 
,\'eHI', hut after ~ years Canada this­
tIn had re('()\','rt'Cl con:;iclernblv Oil 

t !tp:-ie plots a Iso, . 
Becall:'l' Canada thistle often 1'e­

<'o\'('rs ill a year or t\Y,) after soil 
steriltmt~ IUl\'(' been applied, the 
\'all1e of the:,e chel11ica.1s in control­
]jn~ Canada thistle or other deep­
rooted perennirds is limited, Unless 
tho soil i:; kept sterile, by repeated 
treatments for 11. long tune, the per­
ennial weed is usually the first 
plant to l'eill\'ncle the trented area, 
Seleeti\'c or semisterilant herbicides 
are therdore more desirable, espe­
cially those that allo\\" grass to es­
tablish ,,,hile they control Canada 
thistle, ~,-!-D, dicambn, and pielo­
ram dpmonstrate this in later ex­
periment::>, (See also tables 14 and 
Hi, ) 

Although single treatments at 
low mtes of ~,+-D resulted in lim­
tted control of Canada thistle 
(tah10s 12 and 13), repeated treat­
ments at low rf1..t.es rE',sultecl in mod­
E'rttte eontrol, :>.,.l:-D at high rates of 
·W or more pounds pE'l' acre resulted 
in excellent control of Canada, 
thistle when ~tppl ied Xo\'emher 8, 
10G~ (tahle 18), The timing of such 
application" is important since re­
s:t1ts in experinwnts begun earlier 
in the season were not satisfactory. 
For exam pie, 50 and 100 pounch 
ppr H(TP applied on October 1, 11)53, 
OJ' :Jfay 1 61' .July 1, 1055, diel not 
('outrol Cllnacln thistle at all, as de­
terminpcl 1 year nHer treatments, 
This i~ proimbly a result of the 
hreakdo\\'H of :2,·l-D at the higher 
temperatllres ill the summer and 
('aJ'ly fall. Perennial ~rttsses such as 
Kentnr'ky bluegrass and hrome~rnss 
\\'PJ'(' a1,,0 dnma~eclm()re. se"erely by 
~,·~-n applied in Xovember, Hesults 

,. 

http:chel11ica.1s
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TABLE 12.-ControL oj Canada thistle as inilllencecl by dale oj appl':~ation 
and chemical apl)Lieci, Bozeman, :Mont., 1958 and 1959 

Control or Cnnnda thlstle 011-
Rate or 

iJate or nppllcntloll and chcmtcnl uppllcutton Aug.20,1058 July 1,1059 June l,10tiO July 25, 19tiO 

April 30, 1958 Lb.!a.'Te Percr:nt PerCLllt Percellt Percent 
~lonuron.~._ ••• ________ • SO 100 100 91Fenuron •• _____ . ____ _ 50____ 
Fenuron. ____ . __________ _ SO 

40 
08 
06 

96 
80 

________ _ 

26 
P..olycl?lorobenzoic acid __ .,_
Slmazme_____ ., ___ .,., _. _., _ 

40 
16 

95 
97 

97 
95 

94 
50 

Sodium chlorate______ .,.,., _ 1, 120 65 67 14 ________ _ 

Ethyl N,N-dipropylthiol­ o ________ _carbamate• ., _., _., _. ___ • 50 30 2 
Hodium N-methyldithio- o ________ _

carbamate ____ • _____ ., .. 150 32 
Sodium N-methyldithio­ o ________ _carbamate_., ______ .,. ___ ._ 25LOO 

JUTIC 12, 1958, and October 
12, 1958 

2,4-D ______________ . __ _ 2 SO 35 4259 ________ _2,4-D __ • __ ., _., _., _. ___ • ., _• 4 76 692,'l-D __________________ _ 8 S8 56 532,4-D ., __ . _____ ., _______ • _ 20 63 75 48 

June 12, 1958, and July 8, 
1959 

Amitrole _______________ ., S 99 87 99 70 
Amitrole___ ., _______ ., ___ _ 4 100 89 90 82 
2,3,6-TBA_____ ., _______ . _ 8 96 92 99 58 

July 2,1968 
Fcnuron wettable powder__ 40 lOO 100 lOO 
Fenuron pellets______ ._._. 10060 100 100 
Fenuron pellets_ .. __ .. _____ _ 40 100 99 100 
Fellmon pellets_., _____ . 20 100 97 98 

2,:3,6-T13A _ . __ ., _ ao 99 LOO lOa 
2,3,6-'1' I3A _. _ _ . ., _., .. ., ., 20 LOO 100 100 
2,3,6-TBA . ., .... lO 100 98 09 

~IonuronTCA_. _ 280 100 DS 97 
~[ onllronTCA 180 99 93 DO 
~[onuroIlTCA l40 62 85 52 

.J Illy 8, WOf) 
Borale, ~,3,6-TBA I_ 436 97 
Amitrolr-T __ . 4 97 
ArnitrolC' _____ _ 4 !)6 

[·'('nnc + 2,'1-D __ 4+2 95 
Fenac Nn liquicL_ 4 95 
Fennc pellets. _ ... _ ., 4 S8 

2,3,6-'I'BA 20 87 
2,3,6-'rBA pdlrts._ 20 7-1 
2,3,6-TBA. 10 :35 

1 Borate (B 203J-39 percent; 2,3,6-TBA-8 percent. 
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of treatments with MCPA at '10 From 1958 to 1962, 2,3,6-TBA 
pounds per acre were abollt equal (2,3,6-tl.'ichlorobenzoic acid) was 
to results with 2,..l:-D (table'13). included in sc\'en treatments and 

Amitrole (3-amino-1,2,4-tl'iazole) was genera11y very effective. At 10 
at -1 pounds pel' acre controlled pounds per acre the average control 
Canada thistle well for 1 season 1 year later was 85 percent; at 20 
when treatments were applied in pounds per acre the average contrbl 
.Tune 1958, in .rune 1961,01' in July 1 year later was 95 percent. This 
1962 (tables 12 and 13). Amitrole chemical showed a long residual ac­
damagecl most species present, in­ tivity in the soil and was quite toxic 
cluding grasses; however, not all to perennial grasses. However, as 
grasses were destroyed at t his rate. the toxicity decreased, perennial 

grasses tencled to invade plots be­Amitrole-T (3-amino-1,2,4-triazole 
fore Canada thistle. Applications of p1 us ammonium thiocyanate) tended 
2,:3,6-TBA made in Novernber were t.o be more cffective than amitrole; as effective as, or slightly more ef­ho\\'c\'er, because of insufficient fectiye than, treatments in April,

(~omparisons, amitl'ole-T was not May, or June.
('onsidered eonclusi vely bettcr. The Dicamba (2-methoxy-3,6-dichlo­
average control of Canada thistle by robenzoic acid) controlled Canada 
seven se.parate treatments of n,l11i­ thistle effectively in several experi­
trole at. 4: pounds pel' acre was ments in 1961, 1962, and 1963. Rates 
slightly morc than 90 percent as de­ tested were from % to 20 pounds 
termined 1 year after treatment. pel' acre, and single applications of 

TABLE 13.-Controlo.l Canada thistle by chemicals applied, Bozeman, 111ont., 
1961 and 1962 

Canada thistle control on-
Date o( appllcatlon and chemical Rnte of 

a"plication June 1.1962 June 26. 1963 June 26, 1964 
---~ ---- --~~-.- ."~- ---~-"- .-.-~~----

.June 20, 1961 Lb./acre Percent Percent Pucenl 
'Oicamba__ ._____________________ .. __ 10 99 99
'Oicamba__ .• _. , __ •. _. _. __________ . 20 100 1002,3,6-TBA_____ • _______________ . __ _ 20 89 582,3,6-TBA ____________ . ___________ _ 10 80 50
Amitrolc-T____ • _. ___ . __________ _ 4 98 74 --------­Amitrolc-'l' ____ . __________________ _ 2 87 8Amitrolc_________________________ _ 4 99 70 
Fcnac ____________________________ _ 844 87 ---------Fcnac+ '),4-'0 _____________________ _ 754+2 82 --------­2,4-'0 amino ______________________ _ 2 70 39 --------­2,4-'0 acid ________________________ _ 4 70 162,4-'0 acid ________________________ _ 2 35 0 

.July 16, 1961 
DicamblL ___ . ____________________ _ 10 99 100'Oicamba_________________________ _ 10020 100 ---------2,3,6-TBA___ • ___________ • ________ . 6620 98 ---------2,3,6-TBA________________________ _ 10 82 51 ---------Ami trolp-T _______________ " ______ _ 

~I 4 98 45 ---------Amitrolc _________________________ _ 'J 90 10 ---------
Frnac+ 2,4-D _____________________ . 214+2 98 ---------2,4-D acid ______ .. _. _______________ _ 4 70 0 ---------2,4-D tlcid ___ .. __________ .. ______ _ 2 35 0 ---------2,4-D amine ____________ . ______ ..... 142 34 --------­
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TABLE 13.-00nt7'ol Of Oanada thistle by chemicals applied, Bozeman, 
Nont.,1961 (mel 1969-Continuec1 

Canada thistle control on-
Date of application and chemical Rate of 

application June 1,1962 June 26, 1903 June 26, 1964 

July S, 1962 
Dicnmbn_________________________ _ 
Dicnmbn_________________________ _ 
Dicambn_________________________ _ 
Dicnmb!L ________________________ _ 
2,3,6-TBA-- ______________________ _ 
2,3,6-TBA. ________________________ _ 

Amitro\r:-T_______________________ _ 
Amitrule_________________________ _ 
~;,3J6-trichlorobenzyloxypropnnol-- __ _ 
2,3,6-trichlorobenzyloxypropanol- ___ _2,4-D ____________________________ _ 

November 8, 1962
l)kambu. gr:tnules_________________ _ 
Dicamba liquid____________________ _ 
Dicamba g"anules_________________ _ 
Dicambn granules_________________ _ 
2,3,6-TBA liquid __________________ _ 
2,3,6-TBA liquid___________________ _ 

2,3,6-triehlorobenzyloxypropanoL ___ _ 
2,3,6-dichlorothiobenzamide_________ _ 
Fenac granules____________________ _ 
Fenac granules ____________________ _ 
Fenac granules____________________ _ 

2,4-D acid________________________ _ 
2,4-D acid ________________________ _ 
:\ICPA granules ___________________ _ 
Atrazine wettable powder ___________ _ 
Atrnzine wettable powder--- ________ _ 

Isocil (wettnble powder) ____________ _ 
Fenuron pellets---- ________________ _ 
Fcnuroll pellets____________________ _ 
Linuron wettnble powder _ _ _ _______ _ 

5 to 10 pounds per acee to the foli­
age in early .July almost completely 
eradicated Canada thistle. Applica­
tions of 5 or 10 pounds per acre in 
I'rovembel' were slightly less effec­
tive (table IB). Applications of 4: 
pounds per acre 011 .Tuly :3, 1063, in 
n, mixed stand of bromegrass, Ken­
tucky bluegrass, and Canada, thistle 
eJ\:ecti\rely controlled Canada thistle 
(table 14). The lTl'Hsses wpre not 
damaged and prodded steong com­
petition. 

Picloram (·1-amino-B,5,6-trichlo­

Lb./acre Percent Percent 
10 -------­
5 -------­
2 -------­
1 -------­

15 

10 -------­

4 -------­
4 -------­

15 

10 -------­
1 -- ... ----­

20 

10 -------­
10 -------­

5 -------­
20 -------­
10 -------­

20 

20 

10 -------­

5 -------­
2}2 -------­

40 -------­
20 -------­
40 -------­
40 -------­
20 -------­

20 

20 

30 -------­
20 -------­

l'opicolinic acid) 

99 53 

99 40 

83 10 

77 4 

96 97 

78 98 


93 65 

83 20 

82 66 

63 40 

10 0 


99 100 

99 100 

89 95 

70 75 

95 100 

94 100 


100 100 

100 98 


98 95 

94 100 

82 45 


98 !)5 

99 50 

99 92 

92 98 

80 68 


87 98 

63 95 

22 95 

38 15 


controlled Can­
ada thistle effectively in experi­

ments in 1062 and 1963 (tables 14, 

15, 16, nnt! 17). In these tests 

pic10ram at lit pound per acre COll­


t.rolled Canada thistle more effec­

ti\cely than 2,4-D at 4 pounds per 

acre in other experiments, and at 

rates of 1 or 2 pounds per acre, 

pic.1ornm controlled Canada thistle 

0S [0 100 percent, as determined 1 

y('ttr or more after treatment. 

. Pic10ram was toxic to most spe­

cies present. Perennial grasses were 
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TABLE 14.-Control oj Canada thistle by dicamba anct picloram applied, 
Bozeman, j\lont., JUly 3, 1963 

Esthnated coutrol 011 1-
Chemicalalld rate of application (lb./acre) 

Oct. 22, 1963 June 25, 1964 July 22, 1964 Sept. 22, 1964 
. -'--'--'-'--'~'-~ -- - --~--- .. ~-- ------. 

Picloram: Percwt PercelltPercmt Percellt 
}~-----------------------~-----1____________________________ _ 100 99 97 90 
2 ____________________________ _ 100 100 100 100 
4 ____________________________ _ 100 100 100 100 

100 100 100 100 

Dicamba: 
~~-----------------------~----~ ____________________________ _ 101 94 80 20 
2 ____________________________ _ ?- 10SO 85 _() 

4 ____________________________ _ 84 SO 25 25 
09 9S 90 75 

._--- ,--- --.. " 

1 Data arc averages of 3 replications. 

severely damaged at l'lltes of :2 or -1 ·when.t field was treated with various 
pounds per acre. Picloram at .~ rates of picloram, .Tune 6, 1962 
pound per acre gave control of (table 17). Individnal plots 20 by 
thistle about equal to -:l: pouncls per :~o feet were sprayed with a portable 
acre of dicttmbn. (table 14). Al­ sprayer with ~L lO-foot boom at a 
though perennial grasses were dam­ mte of 10 galh...ns of water pel' acre. 

Canacht thistles were in the C<'l.rlyaged badly at :2 or 4 pounds per acre 
bud stage of growth and ·wheat was of piclomm, a hetwy stand of cheat­
in the early boot stage. Treatments grass and wild oats yolnnteered on 
were randomized and replicated in these plots the season after treat­ foul' complete blocks. ment. "Winter applications of pic­ Pic10raln controlled Canada, this­

loram on the' soil seemed just as ef­ as estimated 1-1: andtle effecti yely 
fective as summer or foilage appli­ 25 months after treatment. Four­
cations. teen months after treatment with 1 

Canada thistle infesting a winter pound per acre, 98 percent of the 

TABLE 15.-C'ontrol oj C'anado thistle by chemicals applie<l at #fferent rates, 
Bozeman, Alont., July 2, 1963 

~ 
_,__"U"_ 

Canada thistle control 011-
Full rnte 

Chemical ofappll· Oct. 22, 19C,3, after full or part JUl1e 12. 1961, nfter full or part
calion rate of herbicide was applied rate of herbicide WIIS applied 

}~~ --_~~-..l:S~~ __I__ lL !4 ~ 
!.b./acrc Percent Percellt Percent Percent Percent Percent Perce lit Percent 

Dicamba__ . _. __ . __ 0 OJ 01 6v 66 S3 75 S3 SOPicloram __________ 0 100 100 100 100 100 100 100 100
2,3,6-trichloro­

).. benzyloxypro­panoL __________ 18 00 66 60 GO !lii 68 55 20Fenae______ ._. ____ 18 00 07 G8 ;il !l0 G5 2;j 10Trifluralin _________ 18 7 L!) 3!l 38 ,10 10 0 0Dicamba+2,4-D ___ 78 ;;44+31 G1 38 85 63 50 35Fenac+ amitrolc____ 4+31 28 73 75 4!l !l0 60 40 20 
'---~-.-
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TABLE lB.-Control of Canada thistle by chemicals applied, Bozeman, A!lont., 

Chemical 

Picloram________ 


Fenac___________ 


Dicamba____ • ___ 


2,4-D ___________ 


2,4-D ___ • _______ 


~1CPA__________ 

2,6-dichlorothio­
benzamide. 

Prometone_______ 

Nov. 29, 1963 

Chemical ronnulatlon Rate or 
application I 

Potnssiu m saiL __ 


Na liquid________ 


Aminc_____ _ ... -.. 

Amine__________ 

Acid ____________ 

Acid____________ 

Wettable powder_ 
l 

Liquid__________ 
{ 

Active ingredient. 

Canada thistles had been hUed. In­
jury symptoms were still evident in 
surviving thistles and in the barley 
and red clover grown the year after 
the treatments. Barley yields in­

Lb.{acre 

J 5 
2~~ 

l 10 
'n'-c'2 
5-[ 	 10 

5r 
1 10 

15 

{ 10 
15 
20 

{ 

{ 

-10 

20 
30 
40 

10 
20 
20 
40 

Control Comments June 25, 1964 
June 25, 19tH 

Perct/lt 

100 }EVerything dead e.xcept
100 Kentucky bluegrass 
100 and wild barley. 

63 }GrOUnd bare at 10 
90 
9i 

98 
85 
9i 

98 
100 
100 

94. 

pounds per acre. 
No annuals present. 
Little residual apparent. 

Fanweed and prickly 
lettuce still growing, 
even at highest rate. 

}	 Perennial graf:scs not 
injured. 

HeavY residual appar­
ent. Ground practi ­
cully bare. Few 

}	 perennial grasses 
present. 

Very little residual, 
as shown by germi­
nating prickly lettuce, 
storksbill, and other 
annuals. 

91 }FeW annuals present.
96 Little injury to 

100 dandelion and per­
ennial graSE. 

98 }Only Canada thistle 
99 remaining. 
i5 1Only Canada thistle 
65 f remaining; plants 

are chlorotic. 

creased on all plots treated with 
picloram and 2,4-D; however, lodg­
mg was severe on the plots treated 
with 1 and 2 pounds per acre of 
picloram. 

SUMMARY 

Canada thistle is an aggressive 

perennial weed growing in the 
rlotihern hal f of the United States 
and many other countries. It is we1l 
adapted to productive cultivated 
soils, especia1ly where spring 
cerea1s are grown. It is a ,yeed of 
roadsides, ditchbanks, rangelands, 
pastures, and forests, and is spread 

and introduced into new areas by 
the wind and by man when he 
plants contaminated forage and 
small-grain seeds. 

In studies of its life history at 
Bozeman i ~Iont., Canada. tl;istle 
,yas found to be an imperfect1y 
dioecious p1ant producing large 
quantities of viable seed. Seed size 
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TADLE 17.-Control oj Canada thistle by picloram and fdA-V applied, 
Bozeman, ~Monl., June 6, 1962, and barley yields obtained the following 
year 

Rille or Control 011 '- Unrle, yield
ChemIcal appllcation Aug. 2"2, 1963 

Pic1oram: 
Potassium saiL. _.. _, •. __ ... _ . 

Do ______ . ______ ._ ... ,,_._ 

Do ____ ........ _...... _._ 


Pic10ram ester_•. __ • .. ..' _ _. _• _

2,4-D ester ______ •. _ _ _ _ . _ _ _ _.. 
Check____ . ___ . __ • __ . 

I Data nre avernges of 4 replications, 
~. Revere lodging caused by picloram. 

of strains randomly ehosen at 10 
lo('atioll:l Yluiecl fl'om ~!JH.{)O!l to 
HIT ,(J()() :,eed5 pe l' [)(llllHl. . 

Xewly germinated ('alUl(bl this­
tle seech; require ('()nsidera~)le light· 
and mmal1v l>e('ol11(' ('"tabhshed Oil 

distul'ued ltre:ui of pastures or crop­
lands where ('ol1lpetition is limited 
during the seedlin cr stage, 

Once establi~h('(f, Calul(la thistle 
was very persistent be('ause 0 f prop­
agation from Il'Hlt·rground mots 
and its ability to ;;ur\"lve [mill stored 
reserves of tIlt' roots, The nf)\'mH I 
trend of reselTes was somewhat like 
that 0 f othel' [J('I'Pl1nial weeds. with 
carbohydrates de('reasing for ;; to 
G weeks after new shoots emerged 
in tlH' sprin~, The earbohydm.te re­
SetTeS tlwll lllCl'ellSed until Septem­
ber an<il'enuil1ed about constant un­
til freezl'lI p in (ktober, The first 
lwrbltCOeolls shoot" of Clmat1:t thistle 
(,111('rgecl ill the spring when mean 
\\'(\('kly ternpemtmcs' were -:1:2° F, 
Thes(' shoots \'Ill'ied <'on:-:i<ierably in 
appeamn('e a" dic1 tIl(' lea\'es, "'[Ii"h 
were from deeply lobed with many 
spines on the margins to no lobes 
and few spines, The most rapid 
shoot growth was in .Tune when 
mean tempemtures were from (il (. 
to 65", 

Because 0 f the aggressi\'eness and 

Aug. 22, 1963 July 60 1964 

Lb,/acr, P"unl Percent Bu,/acrt 

14 

If 
2 
1 

66 
85 
99 
98 

'27 
60 
99 
82 

42, 1 
42,9 

243,3 
244,6 

l~ 40 25 41. 5 
0 0 1S,8 

the wide distribution of Canada 
thistle, all kinds of control measures 
han~ been sought, incolucling cultiva­
tion, eropping, chemicals, anel bio­
logical agents, Cultivation and 
eropping alone and in combinations 
with chemicals to ('ontrol Canada 
thistle were tested in three separate 
experiments in ~fontana and Idaho 
from 1053 to 1050, Several were 
fonnd to be efl'ectiYe and practical. 

The data from these three experi­
ments show that ~,4-D controlled 
Canada thistle more effedively 
when competiti\'e crops such as 
\\Theat, pasture grass, or silage corn 
were grown than when no crops 
were grown, Combining 2,4-D spray 
\yith spring wheat cropping effec­
ti\-ely controlled Canada thistle and 
also "increased yield of wheat sub­
stantially O\'er a. 5-year period, In 
two of the three experiments, the 
addition of nitrogen fertilizer not 
only in(,reased the Canad:t thistle 
stand but also maintained wheat 
yield at a high le\'cl. In the other 
experiment, nitrogen did not sub­
stantially increase the Canada this· 
tIe. stantl but did maintain wheat 
\'i('.ld at a, high leycl. 2,-:I:-D con­
trolled Canadn thistle in spring 
wlH.'at more effecti\"ely the first 4: 
years when nitrogen fertilizer was 

http:earbohydm.te
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add(ld than when it was not; how­
l'\'Pt', the' difl'('l'('Il('(:' was not so great 
thp 5th year. 

Front tlIP standpoint of net ('l'Op 
l'('turn [LIld ('ontrol of ('rmarla this­
tle, til(' combination of ~,+-D Hpray 
at1(l nitrogen fpt'tilizpr was bpst in 
:t :'('rips of spring whpat tl'l'atnH'nt:<, 

.\.\falfa thar was lllO\'Nl twi('(' 
each v(>[U' 1'01' lU1\' \'l'r\, pffpeti\'('h' 
('olltl'(lllpcl ('tuHt<l:t thi~t'le; the fl,\'e[:­
agl' control was !I,I.; [ll'l'C('llt in th1'pe 
('xperimpnts, 

Eft'N,tiY(' ('olltl'ol of ('anada thi,,­
tlp also l'p:<lJlU·(l i.l1 inf(lst(ld plots 
\\,1\('[,(' PPI'('llnial fomge j!r:tSSPS \\'('1'(' 

grown. Tlw:;p plots W(,I'P sp"ay('cJ 
witlt:.l,-h-T> and mowed fOl' ha\' twicl' 
l'a('ll veal'. . 

\ ~a'I'i(JlI-; rot at i() I1S 0 I' {'Olllhina t ions 
of [ot'[(gP (,I'o]>s, spl'illg ",lIPat, ('Ol'J1. 

ot' potato(l:< :.Ilowl'd that ('Ollll>inll­
don" of pfJ'p('(-in' 1l1P;lSlll'P;; Slllllllllll'­
iZl'd ]H'I'P \\'Pl'(' sat i:<f[lctol'\" a:< fal'lll 
pmgl'Ullls to control HIlCl \'liminatp 
( 'awl(]a th ist !t,. 

OIH' "<'(lson of ('lilt i \'ttt iOIl., bpgnJl 
by ./1111(' 1 alld I'ppl'at('(l (,\"pry ~l 
dav!', l'lilllinatl'(l an :l\'l'['lt£!l' of !l,j 

PP;'('('nt of' till' (':m:t<ln. thistlp ill 
!'('paratp pxpprimpnts, 

.'[('P.\. pti'{'c't in'l\' ('ontrolkd 
Callada (iti"t Il' ill I)(:as alld ,\'i('I<I:< 
\\'1'1'(' quill' !'atisfat"tol'Y; !JO\I;I'\'Pl', 

ollly a :,mall PPl'c'pntagp of thistlps 
\\"1'1'(' adually kill('d by this trpat­
IlIl'lIt. 

(';tllad:l thi...;tll' was found to 1'('­

dlll'(, ",hpat yiplds about r)o ppr{'pnl 
at illf('statioll kn'ls or ~() to~:i this­
tic'" PPI' squal'(, yal'd, :-:llt'h yield los:< 
\\:\s jJl'p\'l'nll'd with (,[tloly control 
of Calmela thistlt, in t\\'o pxperi­
IlIPllts, Spring wh('at. yi('1cls fl'olJ\ 
plots ilnlldw(,l'dp!l 01' st,m,w!t with 
~,~. r) Ui cia \':, a I'tpl' wlll'at (,1ll('r~l'Il(,l' 
an'ragl'd :1-1- PPl'('Pllt' ll1ort'· thall 
"iI'ld" 1'1'0111 1IIltT('~u('d plots. I\'hl'tlt 
yiplcl..; \no!,p illl'l'('a:;('<I :,ij!llifi(':lntly 
1).\' h:lIlcl\\'('P<iill,!! alld ~A·j)ill plots 

tn'atl'd ;\!l day" it ftpl.' wheat l'nH.'rged. 
bur not in pl('lt:< tn'atl'([ :~7 days a'ftcl' 
wlll'at l'1ll('l'gcd, ,Yhpat .\"iel<1:< \\'pre 
gn'arer ill h:lIHlweNled plotB than in 
plots tn'atp(l with ~A-T> on til(' ::anll' 
datp, Tlli" indi('att'd til(' a\l\'antagp 
of pa,.]\, l'lilllinarioll of till' ('ollljleti­
tin' pfr('{'t of Canada thistle and thC' 
inj 11 rioll'" pfl'pl't of ~,.~-D on the 
wlll'ltt Olt tIl(' l'l':<pl'd i \'(' dah's of 
t ['pa t Illl' Il t. 

On nOllc['opland, Canada thistle 
was t'fl'l'di\'eh' !'ontrollp(l ror 1 Spll­
son with ~.-j.-i) at ~ to ·1- IHlllIHls pt'r 
an'p, .\. st'('OIH] tl'l'atll1l'nt of 2,·1:-]) 
on ('«Ilada thi:<tlp ['('growth the 
sanll> \'pal' l'l'slrltl'd ill llt'ttl'[' ('ontt:ol 
as (ll'tPl'lllilH'd by :<lll'\'intl thl' Tol­
lowill£! \'('al', .\. ('oll1peting stand of 
peren.iliiLI grass uSlla,]ly de\'clopecl in 
plot:< tl'pated with 2A-D [01' ('anada 
I hisllp ('Olltl'Ol. Ct'L't:liI1 other ('hel11­
i('als "u('1l as ~,:~,(i-TIL\', amitrole, 
alllitl'olp·T, and I'l'na(' eontrollec\ 
('allacla thi:<tle fairh' well with 
singh' appl inlt ions, b'ut were gen­
('mil,\" quitl' toxic to all associate(l 
plant:<. ilwlu{ling pprennial grasses, 
()iealllim applied at tlw bud stage 
of' growth at ,j to If) pounds peraCl'e 
£!(,lH','a\l \' ('II'('('ti\'('I\' ('ontro\lpd 
('ilnada ·thi:<tl('. This' chelllicnl was 
1llllC'IL I('ss damaging to Ih(' grasses 
P ,'pst' tlt than ~,:\,(j-TIL\'. nmitl'ole. 
01' fl'lla{', and was ('o!1si<iered to IX' 
a IlHH'(' !ll':<imbk ll.'l'atllH'nt- fOl' mallY 
1l01\('rop silllutionf'. 

Thl' 1l1Ost ('fredin' clll'lllienl tpsted 
was pi{'loralll at ~ 01' III 0 l'(' ponnds 
pC'l' ;tCfC', which plilllinate<1 ('anac1a. 
lilistlp ('ol!sistl'ntl\'. Control In' 
picl(lralll at OIll'-hn(f pllllnd pl'I' a(,I:(, 
was ":i \>l'I'('('nt in t\\'o l'xperinH'nts 
and at 1 POllllCl PPI' anp wa~, ns to 
1O() P('J'('PIl[ ill th ['l'(' ('xpC'rinwntf', 
Tinlp of ap]>1 i('arion sP('n1<.'<I 10 han' 
littlp infllll'll('P Oil tlll' l'11'C'('li\'elll'SS 
(If pi('lol'Hlll tl'e:ltllJ('llis. Ppl'('nnial 
gI'HSSl'S \\'el'l' gt'l1Pl'ally <[ui!"!' toleJ'ant 
to piclol'HlIl at 1 pound pH ant' OJ' 

Il':<:-:. 



THE 	 XATURE, ECOLOGY, A..'iD COXTROL OF CAX"ADA THISTLE 31 

LITERATURE CITED 
r 1 ) AIl:"Y, A. ('. 

1!J3:!. 	 \·AIU.\·rlO:"S I:" THE ORO.\:"I(: HESER\'ES I:" r:"llEllOllOl':"ll PARTS OP PI\'I~ 
PEllE:":"UL WEEllS PIlO~I LNl'E APIlII. TO :"o\·E~!uEa. )finn..;\~l" Expt. 
Sta. nul. 1->-1, 2H pp., illUR. 

(:! J ASLA:"IJER, .\. 
H)2k. EXPEIIDIE:"TS 0:" TUE EIIAUICATIO:-; OF CA:"AllA THISTLE rCIRSI1I~1 

Mln::-;SE, WITH CHLOllAn:S. .TOU!'. A~r. Hps. an: m;)-na·L 
(:~) B.\KI~E,.\.L_ 

UH7. OISeGSf'I(J:-; OF (,,\:-;AI).\. TIlISTI.f: l'O:"TIIO[. Fourth Anllual :\l('('till~ 
Xorth C'pntral 'i\'e('([ ('olltrol ('onf. l'nw.. D('('. 10, 11. and 12, 'l'OP('ka. 
Kans., [lp. 7-S­

r·l, H,\KKEII, D. A. 
wno. 	 A ('O~IPAIlATIn: un: HlliTOllY (W (,lRsn'~[ Alln::"SE 11.. 1 seol'. A:"n res· 

S[I.,\(;o 1··AllPAIIA L .. THE ~IOST TII()l'BLES()~I~: W~;Ellli I:-; :"~:WLY IIECLAUIEll 
POLllEHS OF TilE F()II~IEII zerDERZEE. In TIl(' Biology ()f"'('('<I~, Symp. 
Brit. g(,ot. SOt·., pp. 20:;-:!22. ilIus. 

(;)1 BL.\:-;KE:-;S[[IP,.r. W. 
In01. WI~EIJS Of' ~[O:"TO\:"A. :\Iont. ,\j!l" Bxpt. Sta. Bul. :~O, 70 pp, illu;;. 

1(; 1 ('ox. II. H. 
WI:t (,O:"TIIOLLT:-;C (,ASAll.\ TIl.ISTU:. LS. Ill'Pt. "\g"l'. Fa 1'n1('r:':' Bul. :)-t:;. 

1·1 pp., illu,:. 
171 DEHSCUIEIl. L..\., XAlilf. R. L .. and WI('KS. n..\. 

1D(j1. ·rHISTI.}; (,O:-;TROI. WlTH (TLT[\'Anos. clloppr:-;c; A"n (' II I,~rr('Ats. 
\'1'(>('<1;; !I: !lO~Hi:!. 

P{ 1 J)mt..:;(" IIIEIl, fJ.•\ .. an<l R('JI n.TZ, R. E. 
IDGO. AerIE:"E IJEI'ELOI'~IE:"T OF C.\:"AlJA THISTLE ,\"n PEIIE:""IAL SOW THISTLE. 

,\'('('d:.: S: :);; Ii:!. 
(!)) fh;nIElIs. Fln:lJA. 

1(tn. C.\SMlA THISTLE. ('mRll'~1 AIII·E"S': TOl·ItS. FlEr.n 'I' IlISTLE, eItEEPI:"O 
'I' III liT!.":. Ohio Expt. l'ta. But. {I,!. {:; Jlp. 

(10) 	 nEWEY. 11. L. 
l!)Ol. (\\:"0\0,\ TIlISTU:. CS. Dppt. A~r.. Hur. Bot. ('ir. :!7. 14 pp., illu:<. 

Ill) 	 Goss. 'V. L. 
102.t 'rUE YIT.\T.1TY OF BCRIEU SEElJS. .Tour. Agr. ReS. 20 (7) : 3-t0-362. 

I I:! I HA:-;SE:"••\ ••\. 
1!l1R. ('A:"AlJA TUISTLE A:"n )IETI!O[)" elf' ~;ItAll[('ATro:-;. {'.~. Dept. Agr. 

!"arlllPrs' Bul. 1002. 1:1 pp. 
118 1 1L\lIItfs. 1'. 

t!)f',.1. HOST SPECIFICITY 01' ALl'I{,A (',\ItIlI'OIn'~[ "l'EIt. \ (·OI.EOpn:IIA CIIIIYSO;\[E­

[.Ilut;,. ('anHd..Tour. ~1)()1. -12: "':;7-SG:!. 
!l.~) lJAYOEX. A. 

103.1. 	 IlISTlIIRCTro:-; A:"IJ HEI'ROIl(,C'TIO:-; OF (,,\X.\I1A TIIISTLg I:" lOW,\. Allll'r. 

•Tour. Bot. :!l: H;);;~:n:t 
rt:)) II00050:-;,.J.:\I. 

W;);J. W!IlTETOl' .\:"11 ITS co:"'m(1l.. Idaho Ag"l'. ExrJt. Rta. Bul. 243, lR PI) .. 
illus. 

I1U) IIoDGso",.J. 1\1. 
1!);;.C:. C.\:>.\1)'\ TIlISTU: CO:"TRO[. WITII Ct'I,TII'ATW:", CIIOPl'r:"o, A,,1l CllE;\UCAT. 

SPIlkl.'S. \\'('('<1R (jill: 1-11. 
1171 HODGso:-;,.T.)L

H}()'~. ('.\:".\0." TllrliTU:S, YOI' ('.\:-;''1' ,u'FOIIO TO KEgI' TIm;'.!. :\font. Agr. I~xpt. 
Rtn. ('ir. 241. 2 PP. 

Ilk 1 LIOIlG.SOX,.J.:\L 
t(HH. GIIClWTII 11.\ lilTS OF ('.\X.\II.\ TIlISTI.E. Idaho Xoxio\ls W('('d Control 

('onE. ['rcx·...TIl!Y 27. Prpstlln. I<1aho. Pfl. :!1-2:i. 
rln) HODGSo:-;•.1.:\1. 

1f1(H. ",\lll.\TIO:"S 1:-; ~;C<>TYI'~;!i OF (·.\SAUA TIlJliTL~;. '\\'('('(1;; 12(H) : 167-17l. 
(201 IIcuIJmT, n. W" BmsTOI•. R. S., tlnd H":".L\~rr:-;. T,. 'Yo 

1!l31. ~rETHOllli APFECTI:"C; TH~: t:FFrr'n::-;CY OF C'1I1.01lATE WEElJ Ku.r,~:m;. Ielaho 
.\14'1'. Expt. Rta. Bul. l.',n. 12 pp. 

(~11 firXC'K••\. :r.. alJ(l K()~I ~[EIJ.\ lTl•• 'l'. 
H):;s. 	 ('.\XAlJ.\ '1'IlISTT.E-liPOTI.'(;I!.T OX .\ TRO('IIl,~:liO\IE WEEIl. :\[inn. Fal'lII 

flnd HOIIl(' Rf'i.l;)(;{) : :!1-22. 



32 TECHNICAL BULLETIX NO. 1386, U.S. DEPT. OF AGRICULTURE 

(22) LUND, S., nnd ROSTRUP, E. 
1001. 	 ~(AlITI!lSELE"', clI!sunr AIn'ENSE. EN :!\[QNOGltAPHE D. [CAXADA THISTLE, 

(,TRSI('~[ ARn:xs~:, A ~[()X()nnAl'l-r. J K. Danske Yidensk. Relsk. Skr. (0) 
Natun'. og "Lath. Aid. Huekke 10: 149, 

! 2:J ) ~Ic:KAY, H. C., HODGSOX, .T. ~L, A~[ES, G., and ElIICKSQX, L. C. 
H)59. CAXADA THISTU: t'OXl'UOI. FOU GUF.ATER I'ROFITS. Iduho Agl·. EXilt. Stu, 

Bul. 321, 14 pp. 
(24) RAs~[essEx, L. "T. 

l!);JO. 	 'rnE E~'FECT o~' 2,4-D A:-1D 2,4,5-'1' AI'I'LlC,\1'10:-1S ox :~lIE STAND DEXSITY O~' 
CAN.\OA 'rnlSTLE (CmSlt;~[ Aln'EXSE SCQP.). "\Y('eds 4(4) : 3ol3-3olH. 

(25) 	 Rom!lts, CILI.RLES l!~. 
1!)28. CAXADA 'l'HISTLg AXil HeSSIAN KXAP\n:~:1l A;:\'n nn:11t ('OXTHOL. Colo. 

Agr, l!]xpt. Stu. Bul, ·134, 4-~ pp. 
(2(l) HCIIU~:IIIElt, "f. "I. 

1007. 	 ~;Fn;C'r OF 1J~:XS1TY AX[) ('l):-1'l'1I0L (H' CAXADA 'l'HIS'l'L~: 0:-1 l'HOIlt:t'TIOX AXil 
l:nr,IZATIOX OF .\T.FAI.FA I'MlTrH~:. Weeds 13 (2) : 138-H2. 

(27) 	 SEE!.y, C. L 
1952. 	 CO:-1TUOLU;:\,O p~:m:xxrM. \I'~:EIlS WITH TJLLAm:. Iduho Agl'. ]~xpt. Stn. 

Bul. 288, ol3 pp, 
(28) 	 SL'Exn:,B. L., JH. 

1937. 	 t:U.-\OTC,\'l'IXG PEHEX;:\,CAI. w~:t:IlS \\'lTIT (',\I{fIOX lIlseU'1m:. Iduho Agr. 
Expt. Stu. Bul. lOG, 10 pp. 

(29) 	 Hn:VE;:\,s, AlrnHos~:. 

1840. 	 t:SS.\Y OX t:XTIHPA'I'fO;:\, OF C.\X.\Il.\ THfSTU:. X.Y. Agl'. Soc. Xrnns., 
ol00-428 pp. 

(30) 	 Hn:n::>s, O. A. 
1933. Wt:EIl St:~:1l FAt"!'S. X Dnk. gxpt. Stu. Cir. 110, 10 pp. 

(31) 	 TrNOEY, n. C. 
1!)3ol. TH],: eO~II'AIL\T1n: COST OF TII.I,Am: .\;:\'1) CIII;ORAn:S r:> CoXTHOf, OF ~[OI!X­

IXG GtOln', ('AXAIlA '1'lIISTtE A:>n l'EI!t::>XCA[, sow "!USTLE. .Tour. AlIler. 
RoC'. AgrOll. !!O; H(H-S7G. 

(32) 	 'l'mIAsHEIl, F, P., COOPER, f'. S.• "xn J[OIlGSOX• .T. ~f. 
1!)(t:3. C()~\I'f;rITJOx OF l'OH.\m: SP~:t'IES WITH ('AXAOA THTSTr,t: AS AFFE('n:n IIY 

IRRlG.\1'tO);' AXD :>!THOGr:;:\' Lt:n:I.S. "'('(>(1s 11 (2),: 13G-13S. 
(:{;3J ('.K .\oHlcn:rnuT, ~rAHK~:TIXG H~:!tn(,t:. 

I!);;.. 	 ,rr.\n: xox[m's Wt:};I) St:~:I) In:QI·tI!E~!t:);,TS 1U:l'()GX!Z~:() IS AIl~nXISTIUTIO:> 
()],' Tm: n:n~:HAI'. St:EIJ .\(~r. 100 PIJ. "\Ynsbington D.C. 

(34) 	 "\Yl';J,TO;:\', 1<'. A" :\[OIIlIIS, V. II., A;:\'1l TIAR'1'ztEU, .\••f. 
1!l2n. ORGANIC FDOIl HESt:Rn:li IX ItEI~ATro:> TO Tilt; EUAIHCATIO;:\, OF CANAnA 

T!JI,m.~:. Ohio Agr. Expt. Htn. Rul. ·l-ll. 2;:; PI).
(a;;) 	 "\\'rr.I..\RI), C..J., AXil L],;\\,IS, n. D. 

']!13ol. t:ItAIJTCNrC:>G ("AXAD.\ THfli'l'U:. Ohio Expt. Sta, Bul. 140, S pp. 

u,s. GOVERNMENT PRINTING OFFICE: 1968 O-Z19-619 



~ .. 

J.. 
! 

.' 


