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THE NATURE, ECOLOGY, AND
CONTROL OF CANADA THISTLE

By 1. AL Hobcsox, rescdroh agronomisd,
Craps Rescurch Divicion, Agricullural Rescarch Serviee

HISTORY AND DISTRIBUTION

Canada thistle {((irsium arpense
{1} Scop.) is an aggrvessive poren-
nial weed throughont the northern
hall of the United States (9.0 Tn-
festations of this weed cause sovere
yiekl losses in cultivated fields, in
yastures, on rangelands, and in
awns i gardens, 1t is estoblished
in forest and other walershed areas
and on roadsides, riverbanks, and
ditchbanks. In many of these places
it produces seeds abundantly. Its
many seeds and ifs horizontal rool
growth enable Canada thistle to
spread easily and rapidiy,

arvense 15 indigenous  to
Europe, western Asia, and northern
Africa {8) and is known by a va-
riety of common names throughout
the world. The most often used are
Canmdn thistle, creeping  thistle,
Unlifornia thistle, field thistle, nnd
carsed thistle (4, 2. J5). Canada
thistle may have hecome the Pop-
ular name in the United States be-
eanse of the teadition that Freneh-
men ntroduced it into Canada for
feedting ~xwine (/0) and that from
thero it spread to the United States,
No evulence {o support this tradi-
tion was found. Aecording to Tlan.
sen {72y, Canada, thistle was first
introduced to North Amerien ag an
impurity in crop seeds in fwo

Pltalic numbers in parentheses refor fo
“Literature Cited,” p. 31,

Canadian provinees, Quebee and
Ontario. It was likely introdueed &l
various times and places with agri-
cultural seeds brought by early
colontzers since Dewey {/0) re-
vorted 1F to have been spread
throughout the greater part of
Europe by the middle of the 18th
cenfury. He also veported it to be
found in western \sia, northern
India, Mustralin, and New Zealand
i 1901, Te eites reports of 1900
that showed it to be in all States of
the TTnited States bordering on, or
north of, the 37th paraliel.

The rapid spread of (tanada this-
tie has contimued sinee that time.
Man has been a very active agent in
is dispersal (74} by planting seeds
of contaminnied Tforage and small
grains. By 1952 it was reported to
infest more acreage than any other
noxious weed in a four-State nrea
of Montana, Tdaho, Oregon, and
Washington.? Blankenship (5) in
P reparted it to be rare in Mon-
ting, in only five small patches.
Hlelkes * ine 1936 reported 623,000
aeves infested in Montana.

TDwyer, . IT, and Others of the Nox-
ious Weed (ontrol Tusk Force of the
Langd Sobeommiltee, Columbia Basin In-
torageney Commitiee. NOXIOUS wWEEDS X
TR conLursmrra nasry. 10520 [(Mimep-
wriphed, |

*HRires. B Eorie weees. Monl, Bxi.
Sery. Nowstetter 3, 2 pp. 1956,
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By 1901 most of the 31 States that
had reported infestations of Can-
ada thistle had declared 1 to e a
noxions weed (7). This did net de-
ter its advanee throughout the area
of its wlaptation as indicated by the
nereasing acrenges, In 1957 1t was
listed a8 o noxiots weed iu the seed
fuws of all States of the United
States except Aaska, Arkansas, Fa-

1386, U.S. DEPT. OF AGRICULTURE

waii, wiwd New Mexieo (24).

Canada thistie is well adapted to
productive, deep, well-aerated soils
where temperatures are moderate, It
crows under n wide range of mois-
fure conditions but grows best under
it to 30 inches of rainfal] or under
irvigntion. Poorly aerated soils or
high water tables limit the growth
of Canada thistle {4, 25).

GENERAL METHODS AND MATERIALS

The nuature, eeology, and control
of Canada thistle were studied af
Rozeman, Mant., from 1853 to 1966
The studies involved planis grow-
ing in natoral infestations, on both
croplands and noneroplands, and
plants cultured from roots from dit-
ferent Joeations. .\ variety of plot
layouts were used. Treatments in-
volving combinations of eropping,
cultivation, and herbicide spriys
were compaved on large plots on
which regnlar farm-type cultivat-
ors, sprayees, aid other equipment
wera used. yaluation of heebicides
and comparisons of growth habit
were condueted on square-rod plots.
Tiloct of treatments on Canada

thistle and records of growth habit
were usually determined by stem
counts of {anada thistle plants on
permanent quadrais, Fyaluation of
chemieals was usually determimed
by stem counts or by estimates of
control, comparing tveated and un-
treated or check plots,

Hoils in the experimental aveas
were. darle-brown silt Toams, well
drained, and highly productive.
Moisture was provided by 16 to 19
inches of rainfall annuadly and ivri-
mation once or fwice cach summer.
Details of some of these studies may
be found in other publications (/6.
270080 19, :23) and later in this ve-
port as the resulfs ave discussed.

DETAILED PROCEDURLS, RESULTS,
AND DISCUSSION

Nature of the Plant

The studies at IBozeman show
that Canaca thistle (fig. 1) is dis-
tinguished from ather thistles by
its hovizontal branching roots, by
its erect stems branching toward the
top, and by its characteristic of
growing in eirenlar patehes, with
cach new pately usually consisting of
only one clone, The stems grow erect
from 24 to 4% inches, arising from
numerons buds on the horizontal
roots, Stews of different elones vary
from ribbed to smooth, offen with n

row of spines below the leaves.
Stems aie nsually green huf may be
hrownish to reddish purple on some
clones or in certain locations. The
leaves are usually davk  green,
deeply lobed, and ruflied on the
macgin, with spines around the
margin and at the tip of lobes.
Leaves oeensionally wre found fo be
smooth on the marging with no
spines or very short spines. Leaf
surfaces wre glabrous fo  hairy,
Flowers wre borne at the apex of
stoms. These stems are ferminal or
arise from leaf axils and branch sev-
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Brevre 1L Coannda thisthe (Clrsinm arrense (o) Seopy, including part of the exten-
sives root systow, Inset shows details of g Hower aned seeds,
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eral times. The flowers are mostly
purple or blue with various shades;
oveasionally they aro wiute.

Root System
Storage

and Carbohydrate

(fannda thistle has an extensive
system of fibrous absorbing and
branching horizontal roots (14}
{figr. 1}, These voots contine to grow
eachl sewson and contain an abun-
danee of atored food that gives
pevenninl life to the vlant. Such
roots vepeatedly initiate vigorous
new shoots thit are very compeli-
tive. The food reserve of Canada
thistle enubles it lo initinte new
shoots for abeut 114 growing sea-
sons despite repeated cultivations
that prevent production and trans
for of new food to the roots {27).

Canada thistle roots were siam-

Fanieriy, OO W A MORPIIOLOGLUAL AND
HESTOLOGICAL STUDY OF T UNBERGROUND
DUEGLYS oF CANADA FRISTLE. Unpublished
Musters  Thesis,  Botany  Departineat,
Copy on file, Library, Men(, State ['niv,
1034

pled extensively at Bozeman to de-
termine *ho normal trend of carbo-
hydrate reserves and to compare
root development of 10 ccotypes
arown at a common site. The eco-
types were obtained [rom 10 foca-
tions in Montana, Tdaho, Washing-
ton. and Wyoming and  were
established by planting & I-foot-
long root section of each on August
1, 19586, In 1938 after the plants
were well established, root samples
were obtaired on Four replicates of
cach ecotype at three soil depths.
The average root yield of all eco-
types, determined by their ovendry
weights, showed 54 peveent of the
roots in the 3- to 9-inch layer, 30
percent i the §- to 15-inch layer,
and 16 percent W the 13- to 21-inch
layer {table 1). Flence, 8§t percent
of all voots found to a depth of 21
inches were within 15 inches of the
surface. As the length of life of &
stand Inereases, » greater peveent-
age of vools would possibly be
found below 15 inches. Although
roots in some soils have penetrated

TaBLE |.— Rootyields of 10 Canada thistle ccotypes ul 3 soul depths, Bozeman,
Mont., 1958

Oveudey welght of rools from 18- by 18-

Heolype ! hy Geinch soft snmples ut 3 depths 'l‘cllil!ib
. welgh
dto 8inches 0to 1§ inclics 15 te 3 inches o

Clrumy fFrits {rams Cfrums
LW 0. a1 3. 88 4. 55 21,32
FAL. 7.8 5.53 Y 15. 94
(13 7.91 5. 88 2,66 th. 44
| G T S 1.70 4. 88 270 15,24
{il. 8. 065 3. 55 2,62 14, 82
{32 7.61 {83 1,22 13. 66
Al 7.0 L7l 184 12,65
PW 7.368 2,82 1.5 .72
YA 6. 10 3,24 1. 6S SR
i G, 34 3,27 1,26 10. 90
Totmr weight . Ce 76,74 43,07 22, 5% 142, 64
Average weighl.._.. 0 - 1. 67 4. 36 220 4. 706

Percontage of lotal weight . BT 0.5 15.8 106G, G

UPhe eotypes wore designated by ttees and nnmbers according 1o place of origin

s fotlows: LAY, Laramie, Wyo.; P, Fergus County, Mont.;
County, Mont.; AL Ada County, lduho; PW, Prosser, Wash.y Y M,

G, 32, (ud, G, Gallalin
Yetlowstone

Conaly, Mont,; FI, Fremont County, ldaho.
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20 feet, most roots develop about 3
to 12 inches beneath the surface {74,

Avatlable carbehydrates in root
samples at Hozeman mcreased as
the depth of sample increased. The
food reserves in Cunada thistle ave
stored maindy as inulin (34}, These
veserves vary with the season, in a
manner characteristic of other pe-
renntal weeds (1,.25). The low point
of carboliydrate root veserves, ns de-
seribed by Welton, Morris, and
Havtzler (34), was about June 1,
when fower buds had begun to ap-
pear.

In anether study at Bozeman,
roots were sampled approximately

weekly from April until October
for 2 years. The carbohydrate re-
serves decreased from early spring
to the lowest points measuved, on
June 6, 1054, and June 30, 1935,
From these dates on through the
season reserves generally increased
until September when the carbohy-
drate content leveled off (fg. 2).
Weuther records shew that mean
temperatures were 24° and 2.0% F.
above normal in April and May, re-
spectively, 1954, and were £3° be-
low normal in April and ©.6° above
normal in ay {935, Lower lemper-
atures in 1955 probably eansed the
defay in utilization of carbohy-
drates and plunt development that

70

CARBOHYDRATES, percentage

&
N

~
Fry ““\

t i [ { ' 7
AR I AN SN SN TN | N NN Y AN Y N AN S N N SN NN U WO N N

13202713 10 17 24 }1 8 15 2229, 5 12 19 262 %
Ly

MAY | JUNE i

i4 2
0cT.

t6 23 30 7
3

! AUG. [ SEPT. 1

DATE OF SAMPLING

Ficuae 2.--Freuds of carbohydrate reserves i Canada thistle roots as percentuge
of ovendry weighl, Bozeman, Mont,, 1954 and 1935
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occurved that year. .\ comparable
early bud stage of growth occurred
June 17, 19&L, and June 23, 1055,
The oceurrence of bud ‘:tclﬂ'e after
the low poiat of reserves in 1054
wnd before the low point of reserves
in 1035 muy have been caused by an
teraction of the growing condi-
tions und the influence of phutopm-
ot on flowering.

Shoot Development

Herbuceous shoots of Canada
thistic normally emerge ench spring
a frer soilsand air ll‘lll[)(‘l‘ll’ll(“'-: have
wirmed considerably (table 2), Tn
a study of whitetop (Carderia
e (1) Desvy ar Boise, Idaho,
shoot emergence began in March
when miean temperatures weve 33°
Foand was compdeted in late Mareh
and April when mean weekly tem-
perature never exeeeded 452 (23).
In a stwdy of Canada thistle ut
Bozeman, shoot emergence ¢.d not
begin unal mean weekly tempera-
tures weve 127 or higher and shoot
enlergenee wis greatest wlen mean
weekly temperatures were ab least
467 {40y B3y rompurison, shoot
eimergence of Buropean hindweed
ff el onfus wrvensis 1) wos re-
ported to begiin Inter In the season
at wirmer femperatures than either
wihitetop ov Canada thistle (273,

The general population of Can-

1386. U.5. DEPT.
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ada thiztle plants varies consider-
ably  in appenrance and growth
charneteristios (4. 9). At Bozeman,
shont  emergence of 10 different
clones ov ecutrpes was recorded in
M50 (/9. An ceotype TAV, from
Laramic. Wyo., emerged at lease 10
davs earlier than several other veo-
types, its shoot growth preceded
that of the others, and it matored
eartier (table 3). Thus, because of
its carlier establishment, the LY
ceatype might be expected to be
more competitive in sueh cvops as
spring wheat. About two-thivds of
the shoots of all ecotypes emerged
between May U and May 15, when
the mean temperature was -16° 17,
Adter shoot emergence of Canada
thsele, the rosettes. enlarged hori-
zontally. covering and %h.ldmg the

ground, Vertical shoot growth be-
pan inereasing  rapidly  about 3

weeks aflter emergence. Under the
climatie conditions at Bozeman, the
most rupid vertical growth oceurred
from June 16 to June 29, 1959, with
an average growth of 3 contimeters
per day {table 4). This 15 a com-
parable period ta that in which root
reserves were lowest in 1934 and
135 (fig. 2).

Flowering and Seed Produclion

Canady thistle has heen reported
to be normally dicccious: thut 1s,

TAvLE 2.-—Shoot emergence of whilelop in the spring at Boise, [daho, and
nf Canada thistle at Bozeman, Uonz

Whitetop

Conadn thistle

at Bolse, Ldahe, 1052 ni liozemnan, Monl., 1959
Teane Menar  Fanergenee Tiine Mean  Kuergence
tnterval temper-  of shigpts nterval teniper-  of shools
alure aLure
E Pereent FF. Prrecut
Maceh 17 1o 24 35 20§ April W te 23 . 30
Alareh 25 to 31 4l | April 21 1o 2500 412 3
April 11 7 41 801 Aprdl 20 to May 6. A 27
April 5 to 15 47 Muay 7 te 150 40 E1M)
May 15 to 20 Ho 2l
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Tanve 8.—Shoot emergence of 10 Canada thisile ecotypes in the spring,

Shoots emerped on z a—

Bozeman, Mont., 1958

Shools per

Ecotype! square fool,

Apr. 21,1950 Mpy 1, 1850 May 15,1958 May 13, 1959 Hay 29, 1959
] Pereent Pereent Prreent Pereent Mimber
LW L ... 4.0 Sa 050 07a 5.5
8 0 12 he Toub 83 b 6.5
Al ... 2.0 14 b 63 be 77 be 5.0
G .. 0 G ¢ G3 be 82 b 4.
& SO 0 G ¢ 33 ed 83 b 6.0
0 0 1 ¢ 32 ed 79 be 4,5
Y™ [ e 3] 1 ¢ 31 ed 76 be 5.1
PN .. 0 S be 42 ed 38 d 5.2
Py .. 1] 4 ¢ 5 d 67 ed 3.2
[ S 0 G ¢ 3 d 63 d 3.2
Average. ... . 0.6 10 a7 76 5.0

! See footnote 1, table |, page 4, for origin of ecotypes.

* Dunecan’s Multiple Range Test, P=0.05. Valués with different letters are sig-

nificantly different at the 5-pereent level,

¥ 100 pereent emergence on May 29, 1950,

staminate flowers that produce only
pollen are borne on ene plant and
pistillate flowers that produce tle
seccl on another (fig. 3). This char-
acteristic was investigated amorg
the 10 ccotypes described above.
Light of the ecotypes bore pistillate
flowers that were observed each year
but apparently never produced pol-

len and depended upon an external
gource for pollen to produce sced.
Pistillate flowers that were covered
to prevent external pollen from the
flovets in 1859 ancd 1960 producel
no seed. Although most of the seeds
are borne on the pistillate plants, an
occasional seed was found on the
staminate plants in these studies.

Tavre 4.—Shoot growth of Canada thistle, Bozeman, Mondt., 1959

Mean

Tregroe Vertleal shoot growth 2
Time interent Bays {emper- days!
aturg Totat Duoily
Number °F. Number Chi. Chi. Pereent

May stodJune d . . . 30 A6 162 18 0. 60 0.5
June 3to 15, . . 11 62 188 21 1.90 1.6
June 16 1o 19 L 153 80 i3 3. L4 2.6
June 20 o 29 . 10 61 1530 29 2,92 2.4
June 30 to July 6, .. 7 Gl 109 I8 2,63 2.2
July T te 1300 7 62 119 12 L. 68 P4
July Wte 20, . 7 7l 1853 7 1.03 N
dnly 2lte27_ . . v 72 101 2 .27 L2
July 25 te Angust 3. n 67 135 2 22 L2

Total. . . i} Lo 1, 344 122 .

Average. 63 S 6L ... ...

! An arithmetie secumulation by days of daily mean temperatire in degrees above

13" I,

? Eneh number is the average for 20 plants,

270810 OBy-—-2
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Frarag 3o Dioecions flowory of Cnnade thistie s P pger feff Btaminale Hower; upper
Fight, plstithnte Qower; faaer foft, stnmboite ool with developod anthers and
alrindint polen: fower eight, pisthiilade Borel with sisdier, andoveloped anthors
and no potlen.
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Thus, florets on stuminate plants
were occasionally perfect, bearing
both pollen and seed: this indicates
that the species is imperfectly dioe-
ctous, as reported by Bakker (4)
and Land and Rostrap (2.2},

Staminate and pistillate fowers
are casily distinguished in the field
by the abundant polien on the skami-
nate flowers and, as the seed ma-
tures, by the voluminous pappus on
the pistillate flowers to transport the
seed. The pappus, although present
on staminate plants, is relatively un-
developed as compared to the pap-
pus on pistillate plants. Flowering
neeurred from July 1 into Aungust.
According to Tineck and Komme-
dabl (.27}, Canada thistie is o long-
day plant; they found no flowering
i plants under light for 8 or 12
howrs but found considlerable flow-
ceing under Heht for 18 hours.

In our studies large quantities of
viable seeds were prodoced under
Favorable conditions where stami-
nate and pistillate plants  were
planted within 50 feet of cach other
{17y, However, n studies in the
Netheriands yield of veed was low
and seeds were dispersed by the

CONTROL OF CANADA THISTLE g

wind for only short distances up to
I kilometer (4). Hayden in Towa
{24} reported little seed produciion
unless staminute and pistillate fow-
ers wore within 20 to 200 feet of
each other.

Seed size wvaried considerably
among ditierent ecotypes of Canada
thistle in our studies (table 5) (/9).
The largest seed was found on LW
and was equivalent to upproximate-
Iy 208,000 seeds per pound: the
smallest seed was found on I and
was equivalent to 677,000 sceds per
pound. The types sampled probably
do not actually encompass the entire
range of varintion in this character-
1stie. The number of Canuda thistle
seed per pound has previously Leen
reported as 283,000 (30).

Viability of (anads thistle seed
was quite high in several germina-
tion tests (S0 £4), In one study 50
to 8t pereent of the newly harvested
seeds germinated (79), Goss (A1)
showed that some Canada thistle
seed remained viable when buried
tn the soil for as long s 20 vears,
Viability  was  greater  for seed
buried af 42 inches than for seed
buiried at 8 or 22 inches,

TaBrg 5.-~elverage weight of 100 xeeds of 8 {anada thistle ccotypes, 195860

Average welght of 100 soeds In—

- Fyodr aver- Sewmls per

Keobypes t 1853 1952 1962 ape wiight of oLl
100 sred !

firamt firen {itam Cram Number
LW 163 6. 130 L4l 4. i8% 2G5 430
(i LR L BOG T s b 477,470
YA BLf iR 05 OB L O05 b $77, 470
RY) RS .04 LG 893 b 487, 740
P BTG LG JHES o0 b SN, 450
DI . CAINT LS IR LJORG L it il
Cid . . - L85 iy Y 08T b 521, 380
1 066 063 LTS GT e G7Y, 800
Average L0903 007 ORS00 442, 330

P Roee footnote |, table §, page 4, for origin of ceotypos,

# Numbiers bearing dilferent letters differed siguificanty,
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We Tound that new seedlings es-
tablished slowly and scem to be
qultp sensitive to shading or com-
P(‘tltmn They usually survive and
secome established on newly plowed
ditehibunks or disturbed grazing ov
noneroplond areas where for a fime
plant rompetition is Timited, These
results agree with those of Bakker
{4y who reported that Canada
rhmrle seedlings diedl when light in-
tensity fell below 20 pereent of full
daylight and development was de-
lmod at 60 to T0 percent of full
duylight.

Nature of the Problem

Canada  thistle propagates by
rools and is very ageressive in any
field because of this characteristic,
TTowever, the plant is alse a threat
to other arcas beeause of its sead
production, which is its major
means of spreading from farm to
farm, and from farms and road-
sides to owr ranges and watershed
aveas (4. 12, 11).

Canada  thistle causes serious
yicld losses in spring-sown small
grains, peas, row crops, and pas-
tures and is obnoxious in many
other situations. Tt js well adapted
to growing with spring wheaf and
FrOWs W ith this erap perhaps more
often than with any other. The dif-
ferenee in adaptation of Canada
thistle to spring wheat and alfalfa
hay eropping programs was clearly
shown i fwo of our experiments

1886, T.S.

DEPT. OF AGRICULTURE

reported in 1938 (76) and 19359

(23). The percentage of C‘an.td.a
thlbtle‘a inereased progressively i
continuous spring wheat uoppmg,
but decreased in alfalfa mowed for
hay (table 6}, Other investigators
have reported alfalfa, pervennial
forage grasses, and winter wheat to
be rhe “most effective competitive
erops in controlling Canada thistle
(32, 35},

The effect of Canadn thistle on
the yield of spring wheat was meus-
url:'d by the author in several

farmers’ fields in Gallatin County,
Montany, 1953-55 (17). Randomly
located psu(‘he% were chosen in these
fields where yield samples could be
obtained at four different Ievels of
("fanada thistle infestntion by pro-
ceeding along an individual drill
swath into the thistle pateh.

Although the levels of yield
varied among the different fields,
the patterns of yield reduction 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 pregent

(fig. 4). This was the usual level of
m’re&tatlon found throughout the
center of the pateh, w ith a sparse
infestation toward the outer edge.
Where only two shoots per square
vard were present, the rate of yield
reduction per shoot was greater
than the rate at higher densities
because thistle plants were more
vigorous and larger.

TasLe 6.~—Canada thistle survival in two cropping p:‘ogr ams

Sun’lvui of Canada thistie In—

(*ropping progmm
1953
. . Prereent
Contintious spring wheal __ L0
Alfalfa mowed for hayo . .. 10G

Pereent
14

1854 1855

Pereent Percent
138 182
60 11

Percent
1
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100

60 -

WHEAT YIELDS, perceniage

20 —

0 | I

0 5 10

15 20 25 30

THISTLE SHOOTS FER SQUARE YARD

Ficune 4.—¥ield reduction In wheat caused Ly different levels of Canada thistle in-
festntion in Gallatin County, Montana, 1952-55,

Control Measures

The foregoing description indi-
cates sevem% characteristies of Can-
ada thistle that are typical of weedy
species and that enhance its persist-
ence wnc spread. Because of these
characteristics and the prevalance
of Canada thistle, control measures
have been extensively sought over
the past 100 years, The methods of
control developed fell into three
broad categories—eultivation prac-
tices, cropping programs, and chem-
ical treatments.

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

recently has this worlk resultzd in
proimise of an active biological ngent
that will control thistles. Harris
(13) in Canada conducted feeding
trinls on  (Haltice carduorum
(Fuer.), a leat-feeding beetle that
was found in Europe. Results of
fheso studies were encouraging and
the beetle was taken into California
for further feeding studies.® Since
these feeding studies have indieated
no danger to crops, this beetle hns
been released in balifcmi;l, Idaho,
Montany, Ovegon, and Washington

iHWAwkEs, R. B. lost SPECIFIGITY
STUDIES ONF HALTIICA CARDUCRUM (GUER.
(COLEOPTERA ! OHRYSBOMELIDAE}]. .5,
Dept. Apr., Agr. Res. Serv., Ent. Res,
Div. 1965, [Mimeographed leaflet.]
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for Further field studies of its adap-
tation and effecriveness in control of
("anada thistle,

Cultivation

Cultivation practices have been
developed to stirve Canada thistle
roots by repeatedly destroying the
neaw shoots and leaves {27,240, Over
the years many variations in the
starvatinn process have been sug-
wested: one was hoeing periodically
in row cvops {10 42). Tlarly writers
(£.2..27) stated that starvation must
Le begun as soon as shoots appear
above ground. This practice became
known as the “hlack™ fallow sys-
ten. Later studies indicated that de-
pletion of roopt reserves was greater
and fewer enltivations were neces-
sary 1f the new thistle shoots were
destroyed about S to 10 days after
amergence (27). This practice of
delayed cultivation has become un
effective control of (anada thistle,
The land should be cultivated to

depth of 3 to 4 inches every 21 days
(.27y. Al writers emphasize the ne-
vessity of destroying all shoots af
each cultivation wo that no new food
15 stured.

Cropping

The effectiveness of competitive
crops in control of Cunada thistie
was recognized as carly as 1846
129}, Mowing Canuda thistle at the
early bloom stage or mowing re-
peatedly at various intervals has
also been effective (54). Alfalfa has
been ane of the best competitive
crops when mowed at leust twice
pach year for hay (6, 9, 26). Differ-
ent forage crops vary in their abil-
ity to compete with Canada thistle;
adso, moeisture conditions and fer-
tility of these crops influence their
ability to compete (2), Alalfa
grown for hay and elipped at the
bloom stagre was very effective in

DEPT. OF AGRICULTURE
control of Cunada thistle in our in-
vestigations at Bozeman ({6, 17).

Chemicals

Salt {(Na(?l) was one of the ear-
liest chemicals recommended to con-
trol {*anada thistle (70.29). A brine
solution was applied to the thistle
foliage and brine or dry salt was ap-
plied to the soil. Dewey (40) stated
that “Salting thistle plants every
week or two during two successive
growing seasons i1l pastures where
sheep have access to them, usually
destroys them.” This practice ap-
parently was popular since it was
recommended by Detmers (9) many
years later,

Sodimn (NaAs.(;) and calcium
arsenite (Ca(As:0,).) were the
most effective of several chemicals
tested by Detmers (9) in 1927, Re-
ports of tests in 1928 (2) indicated
that 180 pounds per acre of sodium
chlorate applied in the fall killed
the Canada thistle but did not in-
jure oats planted the next spring.
Workers in Ohio recommended 400
to 480 pounds per acre (85). Tests
with sodium chlorate in Idaho (20)
showed that at least 640 pounds per
acre was needed to eliminate Canada
thistle and that moisture conditions,
soil type, and organic matter
greatly affected sodium chiorate
treatments, This chemical scems 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
and 1,147,392 pounds used on 2,028
acres in 1930.

Carbon bisulfide (CS;) came into
use about the same time s sodium
chlorate. Although quite costly,
srbon bisulfide was widely ac-
vepted for use on patches of Canada
thistle {(28) on croplands. Because
of the very short residual life of
carbon bisulfide, crops could be
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planted 2 to 3 weeks after the treat-
ment.

A new growth regulutor type
herbicide 2,4-D (24-dichlorophen-
oxyacetie ucid) appeared in 19-bf
and was immediately tested fo con-
trol Canada thistle (3, 24). Re-
searchers generally classed Canada
thistle m» Intermediate in response
to 2.4-T). It requirved repeated treat-
ments for effective control (24.)
Bakke (7} reported 70-percent con-
trol in 1 year with a treatment of 1
or 2 pounds per acre applied at the
early bud stage and a second treat-
ment to vontrol regrowth in Sep-
tember, .\ summary of results of
severul 2.4-1) experiments to control
Canada thistle (24) mdicuted that
2.8-D was more elfective than 2,4,5-
T (2:55-trichiovophenoxyacetic
acid) and about equally us eflective
as MOPA (2-methyl-t-chlorophe-
noxyncetic aeid}.

Combinations of Cullivation,
Cropping, and Chemieals

As indicated by the work pre-
viously cited, specific cultivation
practices, cropping progrums, or
chemical treatments to control (lan-
ada thistle have been developed.
However, with the development of
selective spriys, n combination of

CAUTION

Tt herbicides are handled or
applied Improperly, or if un-
used parts are disposed of Tm-
properly, they may be inju-
vious to  humans, domestie
animals, desirble plants, pol-
linating inseets, fish, or other
wildlife, and may contaminate
water supplies. Use herbicides
only when needed and handle
them with eare. Follow the di-
rections and heed 1] precau-
tions on the container Tabel.

these methods mto farming pro-
grams is the most practical way to
confrol extensive inlestations of
Canada thistle on farmlands. Such
combination methods were found
by the author to control whitetop
very effectively (73}, and sote com-
bination methods to contral Canwda
thistle have also been investigaied
a(m;l reported from South Dakotn

o

f).
Three experiments designed to
evaluate cultivation, cropping, and
chemicals, nlone aud in several com-
Iinations, were conducted in Mon-
tana and Idaho from 1955 to 1960,
in selected fields where a dense nat-
ural infestation of Canada thistle
occurred.

Experiment 1 was begun in 1953
and consisted of L6 treatments in-
volving cultivation, cropping with
wheat, forage grrasses, alfalfa, corn,
potatoes, and peas as crops, und se-
lective spraying with 24-D and
MCPA. The plots were established
in a fairly uniform infestation of
Canada thistle on 5 acres of highly
productive silt leam soil on the
Montann Agricultural Experiment
Station. The treatments were ran-
domized and rveplicated four times
on plots 3% feet wide and 80 feet
tong (44 ncre).

Iixperiment 2 was conducted n
cooperation with the Idaho Experi-
ment Station. The efforts of HMugh
(". McKay in this work are grate-
fully acknowledged. Tt wasg also he-
cun in 1933 and consisted of 11
treatments similaye to those of ex-
periment 1. These 1jg-ucre plots
were located near Newdale, Idaho,
on a J-acre field densely intested
with Canada thistle. The soil was a
silt loam (ypical of the Upper
snake River Valley area. Grain and
potatoes had been grown in this
tield for many years before the ex-
periment was begun, Small grains
had been grown in this field the 4
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previous years, resulting in o low
state of fertility,

Txperiment 3 was begun in 1955
on a leased site ol variable silt loam
=011 near Bozeman, Mont.. and con-
sisred of 5 treatments. Snwmll grains
had been grown in this tield the -
previous years amd rhe fleld was
heavily infested with wild oats ux
well as Canada thistle.

The plots of all three experiments
were large enough to be Farmed
with regular field equipment, .\
duckloot cultivator  with  rigid
shanks and 16 inel sweeps with -
inch overlap = 3 uwsed. All plots
were plowed in the spring the 1st
vear and in the fall eacl yenr there-
after. Chemicals were applied with
a tractor-mounted sprayer with n
20-foot boom consisting of two 10-
foor sections. Freatments were con-
tinued for 5 years to assess their
long-time value in eradicating Can-
ada thistle.

All wheat plots were irrigated
onee each year at Bozeman and
twics each year at Newdale. Al
fatfa, corn, and potato plots re-
reived  additional  Irrigations as
needed.

The perennial grass and alfalfa
piats were seeded without compan-
ion crops, and were mowed once
during the year of seeding. The hay
plots at Newdale were fertilized
with 30 pounds of nitrogen and 100
pounds of phosphate  fertilizer
(P20;) per acre in the seedling vear.

The Canada thistle popnlation
wis sampled in June each year by
eounting the shoats within perma-
nent square-yard quadrats. Orig-
inal counts were made the st year
of ench experiment, before treat-
ments were nuule. The elfect of
treatments on control s presented
ach year as the percentage of that
original count.

sSamples fo determine wheat and
forage yields were taken Irom the
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same quadrats in which the thistles
were counted,

Control of (anadsa thistle by sev-
eral of the cultivation, cropping,
and chemienl treatments was excel-
lent. There was a definite economic
advantage in combining fertilizer
and 243 treatments in wheat in-
fested with Canada thistle as well
as an advantage in control of Can-
ada thistle {table 71 e, 3).

The data presented on Canada
thistle survival in tables 7, &, and
9 were obtained in early June cach
vear Dbefore annual spraying or
mowing or cultivation. The data
ropresent the effect of control meas-
ures taken the previous years,

Errect 0F SPRING VWIEAT CROE-
PING, CULTIVATION, NUIROGEN FRRTIL-
IZER, AND 2,4-D SPRAY ON CONTROL
OF CANADA THISTLE AND YIELD OF
witgar.—The stand of Canada this-
tle in spring wheat was effectively
reduced  with annually repeated
treatments of 24-Dalone inall three
experimenfs {table ©). 24D was
much more effective the 1st year of
treatments at Bozeman than at New-
dale: however, during the 2d, 3d,
and +th years the trend was about
the snme at both locations: and by
the ith yearsurvival of Canada this-
tle was much the same for similar
treatments in spring wheat at all
locations.

Applications of nitrogen alone
at Bozeman resuited in an increased
growth of Canada thistle and an in-
creased yield of spring wheat; how-
ever, applications at Newdule re-
sulted in no appreciable change in
growth of Canada thistle but re-
sulted inan increased yield of wheat
(table T). The previous cropping
history of these loeations probably
vontributed ta this ditference in
growth of Canada thistle. {See p.
13.) Wheat responded well to nitro-
goen it Newdale and moderately well
at Bozeman. By comparison, wheat




B T N Y T TR R - I PO ST SIS AT F IR Y TN 1.3

Wil %
im0y

ot gt Yertiloser,

-

R N N T St i woe b dprome this
[ T Bleatiiend 1 Pheep o
SN Do o e s e evperament 1A

. . . T T L Ljsm I B l'\lu‘]":
) e oEe Nt G heer Mty
. Cotrae ;:f--T- el woere Lo
ALK S T el e Toewe b et prad

T T e b natin Lector g

- [ N L AR UL S A T PR L,

1 - . .
ol phh FIEEETIN B AR LIN e e hf et
L I R et earte ot e e

R T I v, T [RLRESE BN HEI SRR P atis
Fooo L e ey St g petat s B,

S BT I P B S PR Ut DU TN F O PRSI R
‘3 T T T S SO T S AT CHRT I RS
: O P R Bevenon than i
v el N I!I‘.-;t'Tl.
. ’ | IS I EEETIRCT Y R PIVIPRCIVE BOR FUTT ST,
B TP T I SPTPI TR PPRNSTPSRTIS B §
A R By ' et t. g!'r':lil:! EEETH VY al

e e T O TN I & SO RN N AN




TasLe T—FLffect of spring wheat cropping, cultivation, nitrogen fertilizer, and & 24-D spray on control of Canada
thistle and yield o f wheat

Experiment ( mmdn thistle mresLnLion in 2~ Sprlllg W h(nL 3lcl(ls for -~ Annanl \\thL )iL]d
. . Nitrogen  2,4-D

fertilizer  spray
Crop or cultural treatinent 2d year  3d year  dth year Sthyenr st year  2d year 3d year 4thyenr 5th year Average ;\vcmgc:
nerease

‘ON NILETING TVOINHOIL 9T

Lb.facre  Lbjecre’  Pereent  Percent  Percent  Percent  Bu.facre Buwjacre Bufacre Du Joacre  Bujacre  Bujacre - Bu.jacre
Spring wheat 50 3/4 8 2 1 4 56 60 52 70 44 56 28
cdos oo L 090 -+ 2 099 25 8 3 77 77 48 35 ®) 559 37
doo oL ) 3/4 23 6 1 3 30 31 20 15 41 27 12

43 11 4 3 54 56 40 40 43 47
214 255 & 63 48 29 30 37
_ ( 136 2 73 56 2 22

CemlOn e : . ( 245 1 ] 2 23 11 12 19

Avernge.. L. e : ] ' 218 s 42 23 21 ' 33
48 2 48

35 20 29 3

2 19 12 31 22

43 2 28 33
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Spring wheat (cheek)
Ldoo .
do.....

Average . .

1st, 3d, and 5th years--
cultivation; 2d and
4ih years—spring
wheat,
cdo o 0 4

R

Average.

218 49 38 22 20
168 30 23 19 16
122 29 13 6

169 36 25 16

1 %) 55 )

No crop-—-no eultiva- . 28 39
tion.
.oodos e 136 142
Ist year—cultivation; 3/4 8 O]
next 4 years—spring .
wheat.

! Identical treatmients compared in separate experiments;
(1) Bozeman, Mont., hegun in 1953; (2) Newdale, 1daho, begun
in 1953; (3) Bozeman, Nont., begun in 1855,

2 Percentage of original infestation first year. Data are averages
of 10 counts on 4 replieations, 3 by 3 feet,

3 Compared with spring wheat check.

1 Rate increased to 3 pounds per acre after 1st year.
5 No crop grown or no yield snmple oblained.

8 Average computed using 4 years instead of 5.

70.5 percent or less.
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11 CroppRing., 111(11: ating that control
of thistles with 2,4-I3 wax enhaneed
by spring wheat mmpeti\'inn

Inall three 0\1)011111(*11 s, repeatoed
cultivation to contrel Cunada thistle
wus eifeerive. On the avernge, 1 sea-
son of enltivation ln\'(ﬂ\*mrr six ar
seven operations el mmmfud 04 per-
cent of the Canada thistle,

C'omparing yields of the spring
wheat cheek treatiments for ¥ yvears
at Newdale with the vields after 1
viar of cultivation shows a 17
bushel yield advantage for 1 year
of enltivation and 1 vear of wheat
over 2 years of wheat. Production
costs for one crop and 1 vear of
cultivation would be considerably
less than vosts for 2 vears of evop-
ping, Also, vonteol of Canada this-

1386, T.5. DEPT. OF AGRICULTURE

tle was 98 pereent with cultivation
und eropping compared to an actual
Imereuse 11 infesention with continu-
ous spring wheat cropping.

ErreeT or FORME CRUPPING, CUL-
TURAL PRACTICES, NITROGEN FERTI-
LIZER, AND 2,1-D SPRAY ON CONTROL
or Canany Tistie—Allfalfa con-
sistently controlled Canadi thistle
when mowed twiee each year (table

The only vaviation in the frend
among the three vxpm'inwn[‘s -
curred at Newdale \\hule {"anada
thiztle showed a slight inerease dur-
mg the year of alfailn establish-
ment. In experintents 1 and 3 there
wits L slight nerease of (Canada
thistle nhumw the Gth year of al-
falfa. This inerense hus often been

Tanve S—FEffect of cropping, culfural practices, nitrogen fertilizer, and
_2.4-0 spray on conirol of Canada thistle

Exper-
MOHE - o - o

'Iruutmem.

Canada thistle inlestatlon in =—

Mol Cropping prictices

b dere

Alfalfa forage crop and
mowing twice cach year.
Alfalfa grass mixture and
mr}}“ ing twiee cach year.
do.. ... ...

Average. ... L.

TForag: g!“'lh‘« nnd mm\m}, .
e, e
do. Ll

Averapgoo ... ...

Potatoes 1st year; silage
rorn continuous other
FOATS,

Silage eorn continumous. . .

(iruss seeded in rows for
sred production and
sprayed 5 weeks alter
cmergencee st yoeor;
sprayed onee each year
for next 4 yt‘urs.

I'Identiea! treatments compared

Nitrgpen
fertitizer

in =r‘p'lr'1tt' experiments: )
hr'gnn in 1443, (2} Newdale, Idaho, hegun iy 1933: (3) Bozeman, Mont.,

241 gt 3d 1th 5th
spray year year o oyenr o year

Aeere Percent  Dercemt Pereend

— 14 5 Q]

Percent

121 11 11 ®

17 16

9
)
3

{1) Bozeman, Alont.,
begun in 1933,

TP rt't-nl‘u,e of ariginal tr)unt m‘uip the 1st year.

LD percent or less.

! Rate inereased to 3 pounds per acre after Jst yoar.
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observed. s the alfalfa stand is
thinned and weakened by age, Can-
ada rhistle beging to invade. For this
reason and because alfalfa yields are
lower in stands 5 years old or older,
alfalfn flelds normally should bhe
rotated 1o other ecrops after 4 or 5
_\'(‘!ll'.“'.

Forage grass that was mowed to
simulate  pasturing  and  sprayed
with 2110 wag abour as effeetive
as alfulfa and wmowing in control-
ting Cunada thistle {table 8). Silage
vorn was an effective competitive
erop for contrel of Canada thistle
sinee w200 treatment as well as
inter-row eultivation was possible,
Aerund elimination of (anuda this-
tle ovenreed in experiment 1 with
potatoes and cultivation the 1st year
and stlage corn and culrivation wiwl
spriving the foilowing & years,

KPPECT  OF CERTALN  ROPATIONS.
CULTURAL FRACTICES, AND CHEMICAT,
SPRAYS o toNTrofL  or  (Caxana
THISTLE AND YIELD 0F cnops—In
general, each cropping, eultural, or
spraying practice was equally effec-
tive swhen combined into a rotation
ov farming program to control Can-
uda thistle {table 49). AlMnifa or
griss forage crops that were mowed
or the griss spraved with 24-1) and
mowed for 3 years each reduced
Canada thistle so that later crops
ol potatoes. peas, or whear were
littg atfeeted by thistle competition.

Yields of peas were generaily
satisfactory  when spraved  with
MOPA, although the control of
Canada thisde wis temporary and
somewhit erratie at the rates used.
MUPN wt 1) pound per acree cou-
frefled Canada thistle loss eflee-
tively than at th pound per dacre,
but 1% pound per acre injured
the peas more as shown by visual
symptoms, However, the yields of
peas il vat ditfer significantly
when cither 13 or 15 pound per acre
was applied. Perhaps the injury
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stused by the higher rate was oflset
by better weed control. The very
low vield o peas in the 3d vear was
a result of severe damage from
2410 eouramination of the MCPA
spray that year.

Several combinations of crop-
ping, cultivition practices, and
spraying etlestively controlied Can-
ada thistle. Consiztenvy with fol-
lowup  treatments and  well-man-
aged  competitive erops inerensed
control, TDerschied (7) rveported
stimilar resules in a series of similar
combinations of control nmeasures
i 1061,

KeoXoame apvaNtTace oF Nirno-
CGEN  PERCIDIZER  AND  2,4-D SPRAY
USED TO CONTROL CANADA THISTLE IN
SPRING . WITEAT  FIERDs.—Tnerveased
vields and net returns from spring
wheat crops fertilized with nitrogen
aid xprayed with 2,4-1) were spec-
tacular  (table 1), The cost of
nitrogen or 2.4-13 or hoth, was de-
ductod from the vield increases
above the checl for Tour treatments
on spring wheat. The net ineveased
return from nitrogen and 241 in
spring wheat ranged from 13 to
30.5 doliars per acre, assuming the
price of wheat at $1.00 or $2.00 per
hushel, respectively. Nitrogen alone
or 201 wlone also rvesulted n
profitable returns. These data em-
phasize that such treatments not
only control anadu thistie but also
are economically profitable,

YIELD OF S$PRING WTIELT A8 AF-
FECTED B‘l" TIME OF TRENPIENT OF

(ANADSY THISTLE BY HLANDWEIEDING
Ol 2e-0 sPRAY.—AS <hown in figure
+ spring wheat vield losses, caused
by competing Canada thistle plants
At various  lovels.  generally  in-
ereased direetly in proportion to the
merense i density of the infestu-
tion.  INarly removal of Canada
thistle competition . from  spring
whent by handweeding o 244-1)




Tasre 9.—Iffect of certain rotations, cultural practices, and chemical sprays on eontrol of ( ‘anada thistle
and yu’ld (f er ops

Treatment Canada thistie

e o e e : infestation in 2— Crop yields for—
Bxper- Year of Spray
iment  treatment ) - - ~
No.t rop Cuoltural practice Herbicide Rateof 24 3d  4th  §th 1t 2d 3a 4th 5th
used :\pp{licu- yenr year year year  year year year. yenr year
ation
Lb.] Per- Per- Per- Per-
acre  cent cent cent. cenl
1 1 Spring whent ... o . AR 55 ) 3/4
y .HL()oth Alfalfa . . o \[omn;,- o7l 133700 42,0 4.2 150D 12,6
Istto3d.  Grass pasture.. CoooWdoo o L 0 24-D 34 . . e miee mmman mmewe  ammman
1. dtho. .. Spring-wheat. ... . ‘2,-} -1 72 I e maem mmewe mmesm . mmmme
atho. ... Peas. oo L ... MCPA /4 17 7 & 8 1.8 12,4 42,3 %48 350
" { sttodd  Alfalfa_. © Mowing.. e el il mmmme emmec mmeve mmmmna
E th . Potatoes . . .. . - . 98 21 3 7 1 146 44 1115 (%)
None .. Cultivation (4 2,4-1 2 R P R P womet mmman awenne
B times).
i 2d to Spring wheato. .. Nitrogen 2,4-D 3 L1 1 1 ) 390.4 59 342 *
ath. ferti.zer.
Ist . ..o Spring wheat. .20 ... Cmiems 24D e m e de T edwmd wmmmn  mmawn mmemw | e s
9 2d to Alfalfn grass \[omng- I e e e e e e emmen mmemm ememn mmemn meeees
- 4th. mixtuare.
Stho. .. PotadoeS..o. - 0 o aicem crmmemeie mae e —wL. T80 30 4 330 t1 14 14 O]
{lbL &3d None..._.. ... Cultivation...... .. ... e emee e e e e e mmeae amme emaes e -
2d.& 4th. Winter wheat ... ..o ... .. ...... 2.4-D 34 13 2 1 2 %) 364 (%) 346 Q)
Co. Isttosth Peas. oo . ... ... MCPA /4 40 52 71 20 371 363 311 340 343
1... Isttoath ... .do.... . ... el e ... MCPA 1/2 22 27 39 6. 364 356 314 344 342
'lxmtmeuts compar ('d in separ atc C\pouments (1) Boacmrm, 3 Bushels per acere.
\Iont begun in 1953; (2) Newdale, Idaho, begun in 1943. 4 Tons per acre.

: Pcrccnt.lgc of ongnnl infestation st year. 5 No crop grown or no yield sample obtained.

'ON NITITIAY IVOINHOAL (g
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PABLE 10.—Increased net return from spring wheat in fields irealed with
nitrogen fertitizer und 2,4-17 spray lo control Canuda thistle

Cost of

Urestmant treatment

T pUre

Nitrogen -+ 24-D spray___ . 512,50
2,4-1) spray—no nitrogen. . . 3. ()
Nitrogen—uno Spray. .- ... 4. 50
No nitrogen—uo spray 4]

{checky.

Yield of spring wheat

Averape
snnunl

Rushels

wet annuen! tnerepsed reburn per
aere (row spring wheat after
consfdering costs of witrogen and

per aere 1 2.4-13 {f wheat sold for—

Ingrease  $LO0 per  $L30por  $2.00 por
over cheek Dushel busliel bushet

Bushels

48 26 13,50 526.50 $39.50

33 11 %00 13, 50 19. 00

33 i8] 1. 50 7.06 2. 5{

2 L. 0 0 0

L Average cost of applying fertilizer ur spruy—S1 per acre ecach; average cost of
nitrogen per acre (63 pounds at 1316 cents per pound)—388.38; average cost of 2,4-D

spray per aere—=S2,

T Average of 3 experiments, with 4 replications cach.

elfectively minimized the yield loss
in bwo experiments at Bozeman,
1055 and 1954 {table 11).

In 1958 Thateher spring wheat
was seeded with a 6-foot, 12-hole
cercal deill in an aren of fuirly
heavy Cuapada thistie infestation
(13 to 25 shoots per sguare yard).
Nitrogen feetilizer at 50 pounds per
aeve had been broadenst over the
Aot wrea before seeding, Plots were
andweeded and 2481 was applied
on  different  days  after  wheat
emerged.

The procedure in 195D was simi-
lar to that in 1958 but move treat-
ments were tested. The level of (an-
ada thistle infestation was lower in
1959, varying from S to 15 shoots
per square yard, and the infestation
wis in o Aeld that had Deen fallowed
and eultivated twiee in 1935, These
factors probably rontributed to the
higher wheat yields in 1939,

With all tveatmenis to control
Canada thistle, wheat yields de-
creasedd as the time from emergence
te treatment nereased (table 11),
showing the effect of thistle compe-
tition on wheat. In 1935 with w maod
erate (o beavy infestafion of Can-
ada thistle, handweeding 16 davs
after emergence hereased the yield

21.7 bushels per acre over the cheek,
w 2i4-fold crease. 244-D treat-
ments at 1 pound per acre at the
sume (e incrense{{ the yield 12.9
bushels per acre over the yield of
the check, Towever, yield increased
less when 2,4-1) was applied 30 days
after emergence of the wheat, and
vield did not increase when 2,41
was applied 37 days after emerg-
eitce.

Results in 195% with a lower level
of thistle infestation also showed
that with all treatments wheat
yields decreased as the time from
emergence (o treatment incrensed,
There was 2 trend toward increased
vield when amine 245D was applied
57 days after emergence. 2.4-1) ap-
plied 46 days atter emergence of
wheat tended to canse u decrease in
wheat vield, The ester formulation
of 24-1) apparently injured wheat
more than the amine formulation.

In 1959, wheal yields were nol
significantly  greater when 2.-1
was applied 16 days after wheat
emerged than when it was apphed
30 days after wheat emerged. This
wonld tndicate a greater injury to
wheat by 2:4-1) when it was :Lpplie(l
at the early date than when ot was
upplied at the later date. The



TapLe 11, -Spring wheat yields as affected by time of treatment of Canada thistle by handweeding or 2,4-D, Bozeman,

i

Time of trestment

days after wheal  moem o e e e
cinergence
Wheat
4 to 6 leaf.
. Fully tilered ... .
Very carly boot.
AMid-hoot ...
Average PR

Stage 6[ plant development of-—

Canada thistie

Just cmerged or S-leaf
rosette,

Early hud (21 inches).

Late bud (30 inches). © .

First bloom

1 e Gipnificantly different from check at 5-percent level.
2 Applied at ithe rate of 1 pound per acre,

@

Mont., 1958 and 1959

1058

1tand- “.’,4“ D
weeded amine 2

. BuJacre  Bu.lacre

36, 7% 270

30, 0% 0 24.2%
. 19. 9

33. 4% 24, 0%

Wheat yields for treatments in U~

Check

B acre
15..0

15, 0
15,0

15, 0

Applied at the rate of 35 pound per acre.

1859

Mand- 24D 24D Cheek
weeded satine ¥ ester®
Ru.acre  Bu.jscre . Bu.jacre - Bu.jacre
S0, §F 43, 5% 30. 8 36. 7
45, T’f‘ 43, §* 39, 2 36. 7
42, 2% 4(). 6% 35. 1 36.7
41, O* 3n. 2 29, 2 36. 7
4., 2% 40, 8* 3a. 8 36. 7

‘§' '0861 CON NILATING TVDINHOAL GG
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creater competition of (anada this-
tle on the Tater date and the fact
that 2.4-1) was less injurious on the
wheat then apparently offset this
greater 211 injury on the early
dute. The datu for 1958 did not in-
dieate this carly injury: however,
the heavier infestation of Canuda
thistie in the 1958 plots than in the
1050 plots may have seeounted Tov
these ditferent results,

Evanvaron oF (HEMICALS  FOR
CONTROL 0f (ANADA THISTLE 0N
NONCROPLANDE. - Several investiga-
tions of promising herbicides to
conlrol Canada thistle were con-
tueted newr Bozeman  from 1938
through 1963, The site of these plots
wits an old infestation of (‘anada
thistle on a fertile silt loaum =01l on
expeeiment station lands, Tndivid-
md plots were 1 squave rod and
boeders were sterilized with sodium
chilorute (o prevent border eifects of
adjacent treatmenls, Sprays were
applied with compressed-air knap-
sack sprayers at the rate of 40 mxal-
lons of water per nere. Pellets or
sranules were broadeast on the plots
by hand, Etfecrs of treatments on
Canada thistle were determined by
visual estimites or by shoot-count
comparisons with a check plot in
eacly replication.

An extensive series of compari-
sons wits begun in 1958 with appli-
cations made on April 30 hefore
Caaddan thigtle emerged, on June 12
at its carly bud stage, wnd on July 2
al ifts fist hloom slage,

Several soil stertlants applied in
April controlled (anada thistle for
the full season the frst yewr (fable
12y, Monuron 03-( p-chlorephenyl) -
L -cdhmethylurea) at 80 pounds per
acre wis the most effeetive, No (fun-
adn thistle was found on August 20,
s orJuly 1, 1959, in plots freafed
with monuren in 1957, hut some was
Found on June I, 1960, In fact, (in-
ada thistle was fhe only plant in

CONTROL OF
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these plots in 1960, Simazine (2-
chloro-+.6-his(ethylaminoe)-s-tria-
zine) at 16 pounds per aere and
fenuron  (A-phenyl-11-dimethylu-
ren at 4o or S0 pountds per acre also
cantrolled Canada thistle the 1st
vear, but after 2 years Cannda this-
1le had recovered consitderably on
these plots also.

Because Canada thistle often re-
eovers in a year or iwo after soil
sterilunts have been applied, the
villue of these chemieals in control-
ling Canada thistle o other deep-
rooted perennials is limited, Unless
the soil is kept sterile hy repeated
treatments Tor a long time, the per-
enninl weedl is usually the first
plant to reinvade the treated area.
Selective or semisterilant herbicides
are therefore more desirable, espe-
cially those that allow grass to es-
tablish while they control Canada
thistle. 2,4-D, dicamba, and piclo-
ram demonstrate this in later ex-
periments. (See alse tables 14 and
15.)

Although single treatments at
low rates of 241D resulted in lim-
ited control of Canada thistle
(tables 12 and 13), repeated treat-
ments ut low rates resulted in mod-
erate contral. 2.4-T) ad high rates of
+0 or more pounds per acre resulted
in excellent control of Canada
thistle when applicd November 8,
1962 (table 153}, The timing of such
applications is important since re-
sults in experiments begun earlier
i the season were not satistactory.
For example, 50 and 100 pounds
per acre applied on October 1, 1953,
or May U or July 1, 1055, did not
contral Canada thistle at all, as de-
termined 1 vear after treatments.
This is probably a result of the
breakdown of 241 at the higher
temperatures in the sumimer and
early lail. Perenninl grasses such as
Wentueky bluegrass and bromegrass
wert also danaged more severely by
2ot-1 applied in November. Results
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Tanre 12.—Control of Canada thistle as influenced by date of eppliation
and chemical a,pphed Boveman, Mont., 1958 and 1959

Rate of Control 0[ Cnna(la tlllstla an—
utg g
wate of applicalion and chemleal spplicatlen  Aug. 20, 1058 Jul} 1,1958  Jane 1,1960  July 25, 1060

April 80, 1968 Lb.facre Pereent Perat Pereent Pereent
Monuron 100
Fenuron . 03
Fenuren ; E G0
Polyehlorobenzoie aeid. - . 5
Simnzineo o o .oooo.. . ... ; o7

Sodium chlorate G3
Ethyl ¥, N-dipropylthiol-

carbamate. oo ooooo. . 5 a0
Sodium N-methyldithio-

earbamate 5 47
Sodium N-methyldithio-

carbamalte 25

Sune 12, 1968, and Gclober
12,

June 12, 1858, and July 8,
1968

Amilrole
Amitrole
2,3,6-TBA

Juty 2, 1058
Fenuron weilable powder__
Fenuron pellets. .. ... ..
Fenuren pellets. .. o
Fenuron pellels

2,4,6-TBA. ... . ... 30
2,3,6-TBA e 20
2,3.6-TRA. . ... 10

MonuronTCA_ ... . o 250
MonuronTCA . 180
MonaronTCA . o 140

July 8, 1950
llorate, 2,3,6-THRA L 4306
)\I’“lll’l}l(‘-rl . 4
Amitrole- .- . . ... 4

Fenae -+ 24-D.. .. . . 442
Fenae Na linguid. . 4
Fenne pellets, .. .. _ ... 4

2,'3,6-’1 BA . 20
2,3,6-THA poll:'ls 20
2,3,5-TRA . . 10

! Borate (B;04)—39 percont; 2,3,6-TBA-—8 pereent.
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of treatments with MCPA af 40
pounds per acre were about cqual
to results with 2,4-1 (table'13).
Amitrole (3-amino-1,2,4-triazole)
at & pounds per acre controlled
Canada thistie well for 1 season
when treatments were applied in
June 1938, in June 1981, or in July
1062 (tebles 12 and 13). Amitrole
damaged most species present, in-
cluding grasses; however, not all
grasses were destroyed ut this rate.
Amitrole-T {8-amino-1,2,4-triazole
plusammoniumthiocyanate) tended
to be more effective than amitrole;
however, because of insuflicient
comparisons, amitrole-T was not
consicered conclusively better. The
avernge control of Canada thistle by
seven separnte treatments of ami-
trole at 4 pounds per acre was
slightly more than 90 percent as de-
termined 1 year after treatment.

AND CONTROL OF CANADA THISTLE 25

From 1938 to 1862, 23.6-TBA
(2,3,6-trichlorobenzoic acid) was
ineluded in seven treatments and
was generally very effective, At 10
pounds per acre the average control
1 year later was B3 percent; at 20
pounds per acre the average control
I year later was 05 percent. This
chemical showed a long residual ac-
tivity in the soil and was quite toxic
to perennial grasses. However, as
the toxicity decreased perennial
grasses tended to invade plots be-
Fore Canada thistle. Applications of
2.4,6-TBA made in November wera
as cffective as, or slightly more ef-
fective than, treantments in April,
May, or June.

Dicamba (2-methoxy-3,6-dichlo-
robenzoic acid) controlled Canada
thistle effectively in several experi-
ments in 1961, 1962, and 1963. Rates
tested were from % to 20 pounds
per acre, and single applications of

TasLe 13.—Control of Canada thisile by chemicals applied, Bozeman, Mont.,
1861 and 1962

Lrate of appllcation ond chemical

Amitrole-T_ - . _ .. ..__.. .
Amitrole. . ________

Bt
Fenpe-+24-D__ ..
24-T) AmMINe . L L el
S 4D neido o oL
A-Dncid_ e e

Amitrole_ _ L . ______..

Fenae+2,4-D
2,4-Daeit oo
DA-Douetd ... LT
2,4-T) amine. .. .. e mmaaaa

Rate of
application

Canada thistle eontrol on—

June 1, 1902 Juue 20, 18683 June 24, 1064

L facre Percent Pereent Perreent

10 oG L 1Y
20 100 100 —oo_...
20 89 58 Lo
10 80 50 ...

4 98 T4 .

2 87 8 -

4 th] 70 L.l

4 87 84 o _._
442 32 75 ...
2 70 3B -

3 70 16 . __.__

2 35 O -

i 99 100 ...
20 100 100 .o __._.
20 08 66 oo __
10 82 Al L.l

4 a5 45 -

4 a0 10 oo
4--3 98 21 .
i 70 0 -

2 35 0 .-
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TasLE 13.—Control of Canada thistle by chemicals applied, Bozeman,
Mont., 1961 and 1962—Continued

Dute of apptcation and chamical

Cannda thistla control on—
Rate of —_
opplication

June §, 1962 June 26, 1902 June 26, 1984

July 3, 1862
Dicamba
Dicamba
Dicamba
Dicamba

...36’1‘:11\

Amri.-m!t,-l‘

\mwrulc
2,3,6-trichlorohenzyloxy propanol
2,3,6-trichlorobenzyloxypropanol
2,4-D

November 8§, 1962
Divamin granules
Dicammba liguid
eamba granules
[licambn granules
2,3,6-TBA liquid
2,3,6-TBA liquid

2,3,6-trichlorobenzyioxypropanol
2,3,6-dichlorothiobenzamide
Fenac granules

Fenac granules

Fenne granules

Atrazinc wettablc powder
Atrazine wettable powder_._ o ... ..

Isncil {wettable powder}
Fenuron pellets
Fenurou pellets
I..muron wctt‘.abic powder

Pereent

3
40
10

4
97

3 to 10 pounds per acre to the foli-
age in early July almost completely
eradicated Canadu thistle. Applica-
tions of 4 or 10 pumds per acre in
November were slightly less effec-
tive (table 13). Appheations of 4
pounds per acre on July 3, 1983, in
n mixed stand of bromegrass, Ken-
tucky bluegrass, and Canada thistle
effectively controlled Canada thistle
(table 14). The grasses were not
damaged and provided strong com-
pefltmn

Picloram  (4-amino-3,5,6-trichlo-

ropicelinic acid) controlled Can-
adn thistle cffectively in experi-
ments in 1962 and 1963 (tables 14,
15, 16, and 17). In these tests
picloram at % pound per acre con-
trolled Canada thistle more effec-
tively than 234-D at 4 pounds per
acre in other cxperiments, and at
rates of 1 or 2 pounds per acre,
picloram controlled Canacla thistle
98 to 100 percent, as determined 1
yeur or more after trentment.
Picloram was toxic to most spe-
cies present, Perennial grasses were
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TABLE 14.—Control of Canada thistle by dicamba and picloram applied,
Bozeman, Mont., July 3, 1963

Estimoted coatrol on 1—
Get. 22, 1983 June 25, 1064 July 22, 1964 Sept. 22, 1964

Cherndeal and rote of npplication {b.facre)

Picloram: Percent Pereent Pereent Percent
e 100 99 97
L e - 100 100 100 100
P 100 100 100 100
L U 100 100 100 100
Dicamba:
N 04 80 20 10
AU 80 85 23 10
e 84 30 23 25
S a9G 93 a0 75

I Data arc averages of 3 replications.

severely damaged ot rates of 2 or it wheat feld was treated with various
pounds per acre. Picloram af %  rates of picloram, June 6, 1962
pound per acre gave control of  (table 17). Individual plots 20 by
thistle about equal to 4 pounds per 30 feet were sprayed with a portable
acre of dicamba (table 14). Al-  sprayer with a 10-foot boom at a
though perennial grasses werve dam-  tate of 10 galluns of water per ucre.
aged badly at 2 or 4 pounds per acre lC:muda thistles were in the early
of picloram, a heavy stand of chent- bud stage.o't growth and }\:heat was
grass and wild oats volunteered on 11 the catly boot stage. l‘?‘ftmen.ts
these plots the senson after treat- Or8 randomized and replicated in

e T four complete blocks.
ment. Winter ‘EI)I)IIC“tJOI?s of pic- Picloram controlled Canada this-
101"“_1“ on the seil “‘?“-9'“‘—‘{1 just as 9%‘ tle effectively as estimated 14 and
fective as summer or foilage appli- 25 months after trentment. Four-
cations. teen months after treatment, with 1
Canada thistle infesting 0 winter  pound per acre, 98 percent of the

TaBLe 15.—Control of Canade thisile by chemicals applied at different rates,
Bozeman, Mont., July 2, 1963

Canada thistle control on—

Full rat
Chentienl olllnprglll—‘ Ouet. 22, 1963, alter [ull or pare June 12, 1964, after full or part
cation rale of herbicide was applied rate of herbicide wus applied
T S AN S, S S
Lblacre  Percent Percent Percemi Percent Pereent Pereent Pereent Pereont
Dicamba_.._.._... 9 493 a1 Gy [s14] 83 75 83 30
Pieloram_.__..___. 9 100 100 100 100 108 100 100 100
2,3,6-trichloro-
benzyloxypro-
panol___. . L __. 18 a0 66 69 60 095 68 ad 20)
Fenae___._........ 18 20 97 68 31 09 65 25 10
Trifluralin. . ____.._ 18 7 19 3% 38 40 10 0 0
Dicambo+2,4-1__. d4-14 78 Gl a4 38 35 63 50 35

Fenac+faniitrole. .. 4-+12 28 73 75 40 90 60 40 20
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TaBLE 16.—Control of Canada thistle by chemicals applied, Bozeman, Mont.,

Nov. 29, 1963

Chem!eal Chemieal formulation

Potassium salt_ - _

Na liguid..__._.__ ;

J
{
[
I

Amine___.__...... {

MCPA. L.

2 B-dichlorethio-

Wettable powder. {
benzamide.

Prometone.___ ...

Active ingredient.

Canada thistles had been killed. In-
jury symptons were still evident in
surviving thistles and in the barley
and red clover grown the year after
the treatments. Barley yiclds in-

Hate of
application #

Lb.facre

Contral Comments June 25, 15964
June 25, 106

Pereent
21 100 1 Everything dead except
100 Kentucky bluegrass

i 100 and wild barley.

63
90
97
08

83
07

Ground bare at 10
pounds per acre.
No annuals present.

]Littlc residual apparent.

Fanweed and prickly
lettuce stili growing,
egven at highest rate.
Peorenninl grasses not
injured.

Heavy residual appar-
ent. Ground practi-
cally barc. 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

140 dandelion and per-

ennial grass.

98 10nly Canada thistle

49 remaining.

75 ]0nly Canada thistle

65 remaining; plants

I are chlorotic.

creased on all plots treated with
picloram and 2,4-D; however, lodg-
Ing 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
northern half of the United States
and many other countries. It is well
adapted to productive ecultivated
soils, especinlly where spring
cereals are grown, It is a weed 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, Mont., Canada thistle
was found to be an imperfectly
dicecious plant producing large
quantities of viable seed. Seed size
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TabLe 17.—Control of Canada thisile by picloram and 2,4-1) applied,
Bozeman, Mont., June 8, 1062, and borley yields obtained the following

Rate of
appieation

Contral gn — Barley yleid

iear
Cheinleal
Picloram:
Potassium salt_ ... .. _ .. .. ...
) 5 1 S, -
DO e aaa
Pleloram ester., .. _... ... ..._..
24T ester. oo o ... e .
Cheek__. ... . .. . .. Ll

! Idata are averages of 4 repliestions,
t Severe lodging caused by picloram.

of strains randomly chosen at 1)
locations varied [rom 298,000 to
677,000 seeds per pound.

Newly germinared Cannda this-
tle seeds require considernble light
and usnally beeome established on
disturbed areas of pastures or crop-
lands where competition is limited
during the seedling stage.

Onece established, Canada thistle
was very peraistent because of prop-
agation from underground roots
and its ability rosurvive from stoved
reserves of the roots. The normal
trend of reserves was somewhat like
that of other perennial weeds, with
carboliytlrates derressing for 3 to
G weeks after new shoots emerged
in the spring. The rarbohydrate re-
gerves fhen nereased until Septem-
ber and remained about constant un-
til freezeup In Qetober. The first
herbaceous shoots of Canada thistle
emerged in the spring when mean
weekly temperatures were 42° F.
These shoots varied considerably in
appearance as did the leaves, which
were from deeply lobed with many
spines on the marging to no lobes
and few spines. The mest rapid
shoot growrth was in June when
mean temperatures were from G1°
to Ga”,

Beecause of the aggressiveness and

L. facre

Aug. 22, 1661
Aug. 22, 1963 July 6, 1964

Percent Percent Bu.focre
ly 66 27 421
2 85 60 42,4
2 g 9% 43,3
1 a8 52 2446
" 40 25 41.5
...... 1 ] 18. 8

the wide distvibution of Clanada
thistie, all kinds ot control measures
Liave been sought, including cultiva-
tion, cropping, chemicals, and bio-
logicul agents. Cultivation and
cropping alone and in combinations
with chemiculs to control Canada
thistle were tested in three separate
experiments in Montana and Idaho
from 1953 to 1959, Several were
found to be effective and practical.

The data from these three experi-
ments show that 24-1) controlled
Canada thistle more ecffectively
when competitive crops such as
wheat, pasture grass, or silage corn
were grown than when no crops
were grown. Combining 2,4-D spray
with spring wheat cropping effec-
tively controlled Canada thistle and
also increased yield of wheat sub-
stantially over a d-year period. In
two of the threc experiments, the
addition of nitrogen fertilizer not
only increased the Canada thistle
stand but alse maintained wheat
yield at « high level. In the other
experiment, nitrogen did not sub-
stantially increase the Canada this-
tle stand bLut did maintain wheat
yvield at a high level. 2,4-1) con-
iroilledd Canada thistle in spring
wheat more effeetively the Hrst +
years when nifrogen fertilizer was
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added than when it was not; how-
ever, the difference was not so great
the 5th year.

From the standpoint of net crop
return and control of Canada this-
tle, the combination of 24-I) spray
and nitrogen fertilizer was best in
a series nl‘ spring wheat treatments.

M Eal f.l that was moved twice
cach year for hay very effectively
'mmnfiod (‘anada thistle: the aver-
e zr?ﬂtlnl wad I8 pereent in three
experiments,

Eftective control of Canada this-
tle also resulted in infested plots
where perennial forage orasses were
grown. These plots were sprayed
with 28D and mowed for hay bwice
vach year.

Viarious rolations or combinations
ol lorage crops, spring wheat, corn,
or potaroes showed that eombina-
Hons of elfective measures sinmar-
ized here wepe satisfactory as Farm
programs to control and eliminate
Canada thistie.

One season of eultivation, begun
by June 1 and repeated every 21
ditys, elminated an average of 95
pereent of the (Canada thistle In
separate experiments,

MOPA effeeiively  enntrolled
Canada thistle in peas and yields
o ({lili(‘ bt L'*I:l( l{i!.\ . }l(]\\l“\ i,
amdy a amall pereentage of thisles
were netually killed by this teeat-
inetf.

Canada thistle was found to re-
Huee wheat yvields aboat 30 pereent
af miestation levels of 20 to 23 this-
tHes per square yvard. Such vield joss
wis prevenisd with early control
of Cunada thistle I fwo experi-
ments. Spring wheat yields from
plot~ handweeded or sprayved with
A1 16 days after whoat emergence
averngiel 34 pereent more than
sields Trom antreared plots Wheat
yields were ineronsed significantly
by handweeding and 200-1) in plots

1386. U.5. DEPT. OF AGRICULTURE

treared Sirdavs atter wheat emerged,
hut not in plots treated 37 days after
wheat emerged. Wheat yields were
areater in hundweeded plots than in
plots treated sith 2001 on the same
date, This bxlicated the advantage
of early elimination of the competi-
tive effect of (anada thistle and the
ijnrious cfeet of 20D on the
wheat on the respeetive dates of
trentment.

On noneropland, Canada thistle
wits effectively controlied for L sea-
son with 24-1) at 2 to 4 pouinds per
acre, N\ secowd treatment of 2,410
on Canuda thistle vegrowth the
same year resnlted tn better control
as deternnned by sarvival the fol-
fowing year. .\ competing stand of
perenninl grass usually developed in
plots treated with 24-1) for Canada
thistle control, Certiuin other chem-
ials sueh as 23,6-TRA, amitrole,
awitrole-T and fenae  controlled
Canaela thistle faiely well with
single -li)p]]hl“f}n‘s. but were gen-
erally quite toxic to all associated
plants, ineluding perennial grasses.
Dieamba dpph{‘(l at the bud stage
of growth at 3 o 10 pounds per acre
generatly  elfectively  controlled
Canuda thistle. This chemical was
tmueh less damaging to the grasses
present than 23.6-TB.A, amitrole,
ar fenae. and was considered to be
w more destrable creatment For many
iowerop sitnations,

The most effeetive ehennend tosted
was pielorst ad 2 or e pounds
per acre, which eliminated Canada
thistle  consistently,  Control  hy
picloran at one-hadf pood per aere
wits N3 pereent in two experiments
atd at 1 pound per acre was 98 4o
190 pereent in three experiments.
Time of application seemed to have
litile infinence on the cffectivenoss
of plelopam (rentments, Perenuial
asves were generally quite tolerant
to piclorwm at 1 pound per aere oy

Jos.
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