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Canada thistle was one of the seven most common weeds 
of wheat in North Dakota in 1978 and 1979 (4). It infested 
1.1 to 1.7 million acres in the state and caused wheat grain 
losses of 6.6 to 7.8 million bushels. Because it is highly com
petitive with wheat, Canada thistle shoot densities of only two 
plants per square yard can cause yield reductions of 15 per
cent; 25 plants per square yard can cause losses of 60 percent 
(5, 10). Consequently, control strategies must succeed in 
red ueing Canada thistle densities to at least one plant per 
square yard or less to minimize or prevent spring wheat los
ses. 

Canada thistle is a perennial weed with an extensive root 
system. Roots may grow to depths of six to 20 feet depending 
on growing conditions (15). Even though roots may grow 
deeply, 65 percent of the root dry weight and 50 percent of 
the root length is in the top 16 inches of the soU profile (15). 
Lateral spread of roots of an established Canada thistle patch 
is variable. Lateral spread in pastures can exceed 11 feet per 
year, but roots of established Canada thistle plants may ex
tend 40 feet per year under more favorable conditions (16) . 

Established patches of Canada thjstle spread by root elong
ation and root buds. Root buds are immature shoots which 
form on Canada thistle roots larger than 0.05 inches in dia
meter (Figure 1) (8). These root buds form new shoots (also 
called secondary or regrowth shoots) after they elgonate and 
emerge from the soil (7, 9, 11, 16). Control of underground 
root systems which are responsible for vegetative propaga
tion, should be the primary objective for long-term manage
ment of perennial weeds. However, little research has been 
conducted on herbicidal control of the underground pro
pagative roots of perennial weeds because this research is 
time consuming and laborious. Most previous research has 
used shoot control to estimate perennial weed control. 

Glyphosate is a nonselective foliar-applied herbicide which 
translocates to the perennial root system of Canada thistle (6, 
14, 17, 18). Short-term control of Canada thistle shoots by 
glyphosate in the field is well documented. However, only 
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Figure 1. An electron micrograph of a Canada thistle root 
bud emerging from a thickened propagative root. 

one field study previously demonstrated that glyphosate in
hibited the Canada thistle root system one year after treat 
ment (13). Field studies on the effects of sequential fall ap
plications of glyphosate on the Canada thistle root system in 
the field over more than one year have not been reported. 

The objective of this experiment was to compare the ef
fects of either a single or two consecutive fall applications of 
glyphosate on control of the roots and shoots of Canada 
thistle. 

The six treatments in this field study were as follows: I} a 
control with no herbicide application other than a grass con
trol herbicide which was applied to the entire site, 2} a spring 
tank-mix application of bromoxynil plus MCP A (Brominal 
3 + 3® ), 3) a single fall glyphosate application, 4) a single 
fall glyphosate application followed by a spring tank-mix ap
plication of bromoxynU plus MCPA, 5) two consecutive fall 
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glyphosate applications, and 6) two consecutive fall gly
phosate applications followed by a spring tank-mix applica
tion of bromoxynil plus MCPA (Table 1). Glyphosate was 
applied at 1.5 pounds of active ingredient per acre plus 0.5 
percent (v/v) surfactant (X-77® ) in the late fall (late Sep
tember or early October) after wheat harvest when new 
Canada thistle shoots had emerged and formed rosettes 
(Table 2). No rainfall occurred within two days after any 
glyphosate application, and the soil was chisel plowed in the 
fall at least 16 days after treatment. The bromoxynil plus 
MCPA tank-mix was applied at 0.25 pounds of active ingre
dient per acre plus 0.25 pounds of active ingredient per 
acre, respectively each spring to control annual broadleaf 
weeds in the wheat. Because bromoxynil plus MCPA sup
presses Canada thistle shoots, the tank-mix was Included as 
a treatment. 

The experimental design was randomized complete block 
design, and the experiment was repeated on an adjacent 
site. Trial 1 was conducted from the faU of 1982 to the fall of 
1986, and Trial 2 was conducted from the faU of 1983 to the 
fall of 1986. Trial 1 had three blocks and Trial 2 had four 
blocks . Blocking was based on initial Canada thistle shoot 
density . All plots measured 10 by 40 feet. 

The experimental site was the North Dakota Agricultural 
Experiment Station Fargo on a Fargo silty clay. Uniform, 
dense, well-established, natural Canada thistle stands were 
present in both trials with 31 ± 11 shoots per square yard 
(mean ± standard deviation) before each trial was started 
(Figure 2). The borders of glyphosate-treated plots were 
sharp because of differing Canada thistle shoot densities. 

The soU was field cultivated and harrowed for seedbed 
preparation each spring before planting either semidwarf 
Olaf or Len hard red spring wheat. A double disk grain drill 
planted wheat at 65 to 75 pounds per acre in 7-inch rows . 
Nitrogen (urea), as recommended by soil test for a 2100 
pounds per acre wheat yield goal (35 bushels per acre), was 
applied as a broadcast application before planting and was 
incorporated by seedbed preparation. Diclofop (Hoelon® ) 
at 1.25 pounds of active ingredient per acre was applied as a 
postemergence broadcast treatment over the entire site for 
wild oat (Avena Jawa L.) and foxtail (Setaria spp.) control. 

Thickened Canada thistle roots were gathered by taking 
soU cores from each plot (3). Thickened roots larger than 
0.05 inch diameter are responsible for almost all vegetative 
propagation of Canada thistle through adventitious root 

Table 1. The six herbicide treatments used for control of Canada thistle in Trials 1 and 2. 

Treatment FaU· Springb Fall· Springb 

--.---------------  (Herbicide treatment) --------------- 
Control 
B/M Bromoxynil + M PCA Bromoxynll + MCPA 
GIyphosate once Glyphosate 
Glyphosate once 
Glyphosate once 

+ B/M Glyphosate Bromoxynil + MCPA Bromoxynll + MCPA 
Glyphosate twice Glyphosate Glyphosate 
Glyphosate twice 

+ B/M Glyphosate Bromoxynll + MCPA Glyphosate Bromoxynil + MCPA 

a Glyphosate (Roundup8 ) was applied In the fall after wheat harvest at 1.5 pounds per acre (active Ingredient) ptux X·7~ surfac

tant at 0.5 percent (v/v). 

b Bromoxynil plus MCPA (Brominal 3 + 34D ) were applied In spring wheat as a tank·mlx at 0.25 pounds per acre each. 


Table 2. The dates on which field operations were performed. 

Trial 1 Trial 2 

Event 1982 1983 1984 1983 1984 1985 

••--..-.-•.•-.-~.-.-.-..• ....• - •• (Date) ••••••_ •••_._••.____.. _ .••n_..... _ ....._~ 

Fertilizer application 5/3 4/23 4/23 4/23 
Field cultivation 5/6 4/25 4/25 5/21 
Wheat planted 5/6 4/30 4/30 5/22 
Soil cores taken 611·6/17 5/25-6/11 5/24-6/11 
Shoot density 

determination 6/17 6/12 6/12 6/13 
Bromoxynil plus MCPA 

application 6/17 6/13 6/13 6/10 
Dlclofop application 6/25 6/18 6/18 6/20 
Wheat harvest 8/9 8116 8/16 8/22 
Soli cores taken 8129-9/14 8/21.8J23 8129-9/14 8/21-8123 9/12·9/16 
Shoot density 

determination 10/5 9129 10/5 9129 9/26 
Glyphosate application 9/3 10/8 10/8 9129 
Chisel plowed 10/31 10/29 10/29 10/15 
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demonstrated that 65 percent of the Canada thistle root 
fresh weight and 82 percent of the root buds were found in 
the top 16 inches of soil (15). 

Thickened roots were washed from the soil by hand over 
a 14 mesh screen or with an automatic root washer (3) and 
root fresh weight was determined. Canada thistle shoot den
sity was measured for each plot in the spring and fall with 
six-0.3 square yard quadrats. All shoot density and root 
fresh weight data were expressed per square yard for nor
malization and cross comparison. 

Figure 2. The Canada thistle shoot density was very uni· 
form and heavy throughout the entire site before glyphos· 
ate application at 1.5 Ib/A in the previous fall whereas the 
plot on the right side was not sprayed. 

buds. Small lateral roots and elongating portions of primary 
roots do not form adventitious root buds (8). Soil cores were 
gathered in the spring and fall each year (Table 2). All cores 
were taken to a depth of 20 inches with either a manual buc
ket auger (3.5 inch diameter) or a hydraulically-powered, 
tractor-mounted soil corer (3.5 inch djameter). This depth 
included most of the root system because other research 

RESULTS AND DISCUSSION 
Canada thistle shoot density in commercial grian fields is 

normally less than the density reported in this study .. In 
1978, the mean Canada thistle shoot density in infested 
commercial wheat fields in North Dakota was three shoots 
per square yard midsummer after wheat spraying with a 
range of 0.2 to 19 shoots per square yard (4), whereas the 
average shoot density was 31 shoots per square yard in this 
study. Control measures which were effective in this study 
probably will be effective at the lower infestation densities 
reported in wheat fields. 

Glyphosate at 1.5 pounds of active ingredient per acre 
plus X-77 surfactant appUed in the late fall suppressed later 
Canada thistle shoot emergence in spring wheat for only 
one growing season (Table 3). 

Table 3. Canada thistle shoot density In the spring and fall as affected by one fall application of 
glyphosate or two sequential fall applications and annual spring applications of a bromoxynil 
plus MCPA tank·mix. 

1983 1984 1985 1988 

Treatment- Spring Fall Spring Fall Spring Fall Fall 

..••.••_............................._. (shoot number per square yard~·~.~-····--·····..•·••..·····-·· 


Trial 1 

Control 47.2 (0) 54.4 (0) 45.7 (0) 8.3 (0) 15.1 (0) 6.4 (0) 12.5 (0) 
81M 41.1 (13) 45.5 (16) 33.0(68) 4.8 (42) 11.5 (24) 1.6 (75) 4.2 (67) 
Glyphosate once 5.0 (89) 9.5 (82) 18.9 (59) 6.2(25) 11.8 (22) 4.8 (25) 14.3 (0) 
Glyphosate once 

+ 81M 6.4 (87) 10.0 (82) 23.7 (48) 4.3(47) 11.4 (25) 2.1 (67) 3.7 (71) 
Glyphosate twice 6.6(86) 11.3 (79) 1.8 (96) 0.5 (94) 5.5 (64) 3.6 (43) 12.2 (3) 
Glyphosate twice 

+ 81M 10.8(77) 13.3(76) 2.3 (95) 0.4(95) 2.3 (85) 0.7(89) 1.8 (86) 
LSD (0.05)
P>F 

12.2 
0.0001 

12.6 
0.0001 

10.0 
0.0001 

3.8 
0.0012 

5.5 
0.0024 

2.1 
0.0017 

1.8 
0.0001 

Trial 2 

Control 46.5 (0) 6.7 (0) 2.0 (0) 4.0 (O) 7.3 (0) 
81M 42.4 (8) 8.2 (0) 4.8 (0) 3.3 (19) 2.3 (69) 
Glyphosate once 6.9(85) 1.3 (81) 4.8 (0) 3.2 (21) 6.3 (14) 
Glyphosate once 

+ 81M 5.8(88) 0.2 (97) 11.9 (0) 1.9(52) 1.0 (89) 
Glyphosate twice 8.2 (82) 1.7 (75) 3.2 (0) 3.6(10) 9.6 (0) 
Glyphosate twice 

+ 81M 6.5 (86) 0.3 (95) 13.1 (0) 1.3 (69) 2.7 (63) 
LSD (0.05) 9.9 4.4 ns ns 1.8 
P>F 0.0001 0.0039 0.0622 0.6928 0.1979 

a See Table 1 for abbreviations. 
b Value In parentheses is percent control. 
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Canada thistle shoot control in the second growing sea
son after a single fall application of glyphosate was rated as 
unacceptable ( 5. 80 percent) , without retreatment. Canada 
thistle shoot density was decreased to 11 and 18 percent of 
the control density in the spring and fall of 1983, respective
ly , following a single fall glyphosate treatment in Trial 1. 
However , shoot density in Trial 1 was only 61 percent of the 
control density or was reduced only slightly in the second 
spring or fall, respectively, two years after a single fall 
glyphosate treatment. Thus shoot numbers were the same 
as the controls by the second growing season after a single 
fall glyphosate application , without a second year of treat
ment. 

Canada thistle shoot density was reduced in the first 
spring, 1984, following a single fall glyphosate treatment in 
Trial 2 much as it was in Trial 1 (Table 3) . However, rainfall 
in the summer of 1984 was much below normal (Figure 3) . 
Consequently Canada thistle shoot emergence after wheat 
harvest was suppressed, and fewer shoots were present to 
intercept the second fall glyphosate treatment in 1984 in 
Trial 2 than in Trial 1 in 1983. Drought-induced reduction in 
shoot density apparently masked any further suppression 
following two sequential fall glyphosate applications in Trial 
2 (see below) . 

Canada thistle shoots in the control plots of Trials 1 and 2 
were similar and dense through the spring of 1984 (Table 
3) . However, shoot density decreased at least five-fold in 
both trials in the fall of 1984 and thereafter. This drought-in
duced decrease was large, sharp, and obvious . From June 
16 through September 30, 1984, only 2 inches of rainfall 
fell , which is 74 percent below the 3D-year average (Figure 
3) . The clay soil became hard due to low moisture and may 
have physically prevented secondary shoot emergence after 
wheat harvest in the fall of 1984. Also, low humidity may 
have suppressed adventitious root bud elongation even after 
the primary shoots were cut by combining at wheat harvest 

MONTHLY 
TOTAL 

~ 

(12). Moreover, the Canada th istle root system eVidently 
was damaged by the drought because fewer shoots emerged 
after the drought in 1985 than before it. 

Glyphosate applied alone for two consecutive falls con
trolled Canada thistle shoots for only one growing season 
after the second glyphosate treatment in Trial 1 (Table 3) . 
Shoot densities gradually recovered after the second sum
mer following the second glyphosate application. Two ap
plications of glyphosate in each of two consecutive falls 
(1982 and 1983) continued to control Canada thistle shoot 
density in Trial 1 throughout the second growing season in 
the spring and fall, 1984. However, in the fall and spring of 
1985 and in the fall of 1986, three and four years after the 
start of the experiment, Canada thistle shoot densities re
covered to 36, 57 and 97 percent of the controls, respec
tively. 

Borders between glyphosate-treated plots and control 
plots were sharp, suggesting that little Canada thistle en
croachment by spreading roots occurred between plots over 
time . However, Beuerman et al. (2) found that glyphosate 
injured Canada thistle shoots 83 inches from glyphosate
treated shoots on an untilled, noncropped site . The lack of 
glyphosate-injured plants outside treated plots in our study 
may have been due to chisel plOWing which broke up the 
Canada thistle root system, limiting herbicide translocation 
beyond the plot borders. 

In the past , visual estimates of control shoot density or 
shoot biomass were used for measuring control of Canada 
thistle , even though this perennjal weed propagates vege
tatively by root growth and root buds. Suppression of thick
ened root fresh weight by glyphosate required one full year 
after shoot density decreased to be detected with the sampl
ing procedure used in this experiment (Table 4). No root 
biomass decrease was detected after one falJ glyphosate 
treatment in the first spring in either trial but root fresh 

1 = Glyphosate applied in trial 1 

2 = Glyphosate applied In trial 1 & 2 

3 = Glyphosate applied in trial 2 

JFMAMJJASONOJFMAMJJASONOJFMAMJJASONOJFMAMJJASONO 

-1982----1983---1984------1985--
DATE (MONTH YEAR) 

Figure 3. The monthly preCipitation totals and the average monthly precipitation for the four 
year period In which Trials 1 and 2 were conducted. 
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Table 4. Thickened root fresh weight of Canada thistle in 
the spring and fall as affected by one or two sequential fall 
applications of gfyphosate and annual spring applications 
of bromoxynil plus MCPA tank-mix. 

1983 1984 

Treatment- Spring Fall Spring Fall 

-- (ounces of root per square yard)b_
Trial 1 

Control 6.9 (100) 5.3 (100) 5.8 (100) 10.1 (100) 
81M 6.7 (96) 2.9 (54) 4.9 (84) 8.4 (83) 
Glyphosate 

once 3.8 (54) 1.6 (30) 4.1 (71) 7.0 (69) 
Glyphosate 

once + 81M 5.7 (82) 1.5 (28) 3.1 (54) 6.8 (67) 
Glyphosate 

twice 4.1 (60) 2.1 (40) 1.8 (31) 2.3 (23) 
Glyphosate 

twice + 81M 4.9 (71) 1.4 (25) 1.3 (22) 2.7 (21) 
LSD (0.05) ns 1.7 3.0 5.2 
P>F 0.5871 0.002 0.0307 0.0294 

1984 1985 

Spring Fall Spring Fall 

Trial 2 

Control 4.8 (100) 11.4 (1 (0) 2.8 (100) 
81M 9.4 (196) 8.0 (70) 5.1 (179) 
Glyphosate 

once 1.3 (27) 2.4 (21) 2.8 (100) 
Glyphosate 

once + 81M 2.4 (50) 3.8 (33) 1.4 (48) 
Glyphosate 

twice 1.6 (33) 4.0 (35) 4.9 (175) 
Glyphosate 

twice + 81M 2.6 (54) 0.8 (7) 3.0 (101) 
LSD (0.05) 42 6.9 ns 
P>F 0.0081 0.0500 0.8969 

a See Table 1 for abbreviations. 

b Value in parentheses Is percent control. 


weight was 30 and 21 percent of controls in the first fall after 
treatment in Trials 1 and 2, respectively. However, new 
roots were formed by the second year after a single glyphos 
ate application. Shoot density (Table 3) was suppressed 
more quickly and to a greater extend than was root fresh 
weight (Table 4), indicating that control of shoot density 
may overestimate control of the root system. 

Thickened root fresh weight was 23 percent of controls in 
the second faU, 1984, in Trial 1 after glyphosate appUcation 
in two successive falls (Table 4). In the second trial, neither a 
single nor two consecutive fall applications of glyphosate 
suppressed thickened root fresh weight in the second fall, 
1985. The drought of 1984 may have decreased thickened 
root fresh weight enough to minimize any apparent de
crease due to glyphosate. Also, the effects of the second 
glyphosate application may have been decreased because 
there were fewer secondary shoots to intercept the glyphos
ate spray in fall. Glyphosate may not have been translocated 
to the root system as well as in the previous year because 
moisture stress decreases its baSipetal translocation from the 
shoots to the roots (13). 

Glyphosate applied in the fall reduced shoot density 
(Table 3) more qUickly and to a greater degree than thick

ened root biomass (Table 4) or numbers of adventitious root 
buds (data not shown). Perhaps, the sharp decrease observ
ed in the number of emerged shoots resulted from both a 
decrease in root biomas and some internal inhibitory mech
anism which prevented existing root buds from elongating to 
form shoots. Also, low concentrations of glyphosate translo
cated from the shoots to the roots may have inhibited root 
bud outgrowth either directly or indirectly. 

Bromoxynil plus MCPA appJie<;l in the first growing sea
son reduced Canada thistle shoot density in the second 
spring, 1984, in Trial 1 (Table 3) when shoot density was 
measured before the tank-mix was reapplied. New second
ary shoots emerging after wheat harvest in the fall also were 
suppressed in 1985 and 1986 after three and four years of 

. repeated in-crop treatment, respectively. Repeated appli
cations of bromoxynil plus MCPA alone for several years in 
spring wheat adequately controUed Canada thistle shoots 
but did not eradicate the roots (Tables 3 and 4). 

Canada thistle shoot density was reduced by fall-applied 
glyphosate to the same relative extent in the spring or fall, 
1984, and the spring, 1985, whether or not bromoxynil plus 
MCPA was applied in the crop (Table 4). However, the 
bromoxynil plus MCPA tank-mix follOWing one or two fall 
applications of glyphosate enhanced control of fall Canada 
thistJe shoots in 1985 and 1986 after three and four years of 
repeated treatment above control achieved with glyphosate 
alone. EVidently, glyphosate applied alone was able to sup
press both Canada thistle shoot density (Table 3) and root 
biomass (Table 4), but an adequate quantity of roots re
mained after one or two consecutive fall treatments to allow 
Canada thistle shoots to emerge after two growing seasons 
unless annual bromoxynil plus MCPA also was applied an
nually to wheat. When in-crop treatments of bromoxynil 
plus MCPA followed by only one initial faU application of 
glyphosate, good control of Canada thistle shoots was main
tained (Table 5). 

Any strategy for Canada thistle control which requires re
peated fall herbicide treatments, such as glyphosate, over 
several years for long-term control or eradicatjon of roots is 
likely to fail because climatic conditions can fluctuate 
drastically from year to year as they did in this research (Fig
ure 3). DroughHnduced decreases in Canada thistle control 
in Trial 2 highlights this limitation of such a control strategy. 
Drought-induced reductions in control shoot density ap 
parently masked any further shoot suppression follOWing se
quential reapplications of glyphosate in two falls in Trial 2 
(Table 3) . Drought appeared to control Canada thistle 
shoots as well as .glyphosate did . 

It may be least costly to suppress dense stands or patches 
of Canada thistle by applying glyphosate in a single fall fol
lowed by repeated herbicide treatments in spring wheat or 
other crops over several years until Canada thistle shoots no 
longer emerge compared to two fall glyphosate treatments. 
A single fall-applied glyphosate treatment probably will not 
provide long-term control but should suppress Canada this
tle shoot regrowth for most of the growing season following 
treatment even for dense stands, but only if plants are not 
drought stressed at the time of fall glyphosate treatment. 

Glyphosate probably would be more effective on sparse 
stands of Canada thistle than it was on the dense stands in 
this research. More studies are needed to determine if Can
ada thistle shoot suppression would continue with repeated 
yearly in-crop herbicide applications after one initial faU 
glyphosate treatment and whether such treatments would 
reduce or eradicate roots in the long run. HerbiCides, such 
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