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Abstract 

An experiment to evaluate 59 long-term leafy spurge (Euphorbia 
es& L.) management alternatives with resulting forage produc- 
tion was established at 4 sites in North Dakota in 1980. The 
herbicides applied included 24-D [(2,4_dicblorophenoxy)acetic 
acid], dicamha (3,6-dichloro-2-metboxybenzoic acid), and piclo- 
ram (4amino-3,5,6-trichloro-2-pyridinecarboxylic acid). Picloram 
was applied as the liquid spray, granules or using a roller or 
pipe-wick reduced volume applicator. All original treatmentsapp- 
lied in 1980 reduced leafy spurge density 65% or more but required 
retreatments in 1981 and 1982 to maintain good control. Picloram 
sprayed at 2.2 kg/ha followed by a herbicide retreatment provided 
the best leafy spurge control at 84% after 3 years, but resulted in 
only intermediate annual forage production. Picloram roller app- 
lied provided 84% initial leafy spurge control and increased forage 
production an average of 28%, but control declined rapidly with- 
out retreatment. Picloram pipe-wick applied gave poor leafy 
spurge control and no increase in forage production. The most cost 
effective treatments for both leafy spurge control and high forage 
production were annual applications of picloram at 0.28 kg/ha or 
picloram plus 24-D at 0.28 plus 1.1. kg/ha. These treatments 
increased annual forage production by 64 and 71$, respectively, 
and reduced leafy spurge production by 96% compared to the 
untreated control. Annual application of 2,4-D did not reduce the 
leafy spurge density but did control the top growth long enough to 
allow increased forage production. Several long-term management 
alternatives provide a choice for leafy spurge control depending on 
geographical location, neighboring vegetation, and economic 
considerations. 

Leafy spurge (Euphorbiu esulu L.) infests over 320,000 ha in 
North Dakota causing an estimated total annual loss of nearly I3 
million dollars (Messersmith and Lym 1983). Loss of hay and beef 
cattle production is estimated at 7 million dollars annually and is 
due to reduced forage production from leafy spurge competition 
and cattle avoiding grazing in leafy spurge infested areas. Leafy 
spurge contains a toxic substance that causes scours and weakness 
in cattle and may result in death (Selleck et al. 1962). 

Control of perennial weeds in pasture and rangeland with herbi- 
cides often increases forage production. Elwell (1964) found that 
applications of 2,4,5-T [(2,4,5trichlorophenoxy)acetic acid], sil- 
vex [2-(2,4,5trichlorophenoxy)propanoic acid], or 2,4-D [(2,4- 
dichlorophenoxy)acetic acid] at rates which provided at least 50% 
oak brush (Quercus spp.) control increased production of native 
grasses an average of 2,362 kg/ ha in Oklahoma. In Arizona, native 
perennial grasses produced nearly 3 times more herbage per hec- 
tare than the control 1 year following treatment with 2,4,5-T at 0.84 
kg/ ha to control velvet mesquite [Prosopisj~lzj7oru var. velutina 
(Woot.) Sarge.] (Cable and Tschirley 1961). Five years following 
treatment with 2,4,5-T at 4.8 kg/ ha for brush control in Missouri, 
total herbage yield was 12,300 kg/ ha greater than control areas 
(Ehrenreich and Crosby 1960). In North Dakota, forage produc- 
tion was increased 23% following annual application of 2,4-D at 
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1.1 kg/ha to control broadleaf weeds in rangeland (Mitich 1965). 
However, increased forage production is not always large or 

rapid following herbicide application in rangeland. Robertson 
(1969) found that crested wheatgrass (Agropyron desertorum 
Roemer and Schultes) production was less than the check I year 
following 2,4-D application for big sagebrush (Artemisia triden- 
tutu Nutt.) control and no significant increase occurred until the 
third year after treatment. Prickly pear (Opunriu polyucunthu 
Haw.) removal did not increase blue grama [Boutelouu grucilis 
(H.B.K.) Lag. ex. Steud] yield but made forage available to cattle 
(Bement 1968). Yields of perennial grass were not increased until at 
least 30% control of mesquite [Prosopis julifroru (Swartz) DC.] 
was maintained over several years in New Mexico (Herbel et al. 
1983). However, once control is achieved, increased forage produc- 
tion can last as long as 20 years (Cable 1976). 

Herbicides generally used for leafy spurge control include 
dicamba (3,6dichloro-2-methoxybenzoic acid), picloram (4-amino- 
3,5,6-trichloro-2-pyridinecarboxylic acid) and 2,4-D. The high 
rates of dicamba and picloram needed for long term leafy spurge 
control make these herbicides uneconomical for large areas in 
pasture and rangeland, and 2,4-D provides only short term control 
of shoots (Lym and Messersmith 1983). 

Herbicide treatments that provide satisfactory leafy spurge con- 
trol when applied either with low volume applicators or sprayed 
annually at below maximum use rates would be economical alter- 
natives to high rate treatments and also would reduce the ecologi- 
cal risk associated with herbicide residues in the environment. The 
purpose of this study was to evaluate leafy spurge management 
alternatives with herbicides for leafy spurge control and forage 
production. Herbicides were evaluated as singular or repetitive 
treatments either spray applied or with reduced volume applicators. 

Materials and Methods 

An experiment to evaluate long term leafy spurge management 
alternatives with herbicides and resulting forage production was 
established at 4 sites in North Dakota in 1980. The sites included a 
bluegrass pasture near Sheldon, an exclosure area on the Sheyenne 
National Grasslands near McLeod, and 2 sites on a federal game 
management area near Valley City. The main population of grasses 
was several bluegrasses (Pou spp.) with occasional crested wheat- 
grass, western wheatgrass (Agropyron smithii Rydb.), smooth 
brome (Bromus inermis Leyss.), and big bluestem (Andropogon 
gerurdii Vitman). All sites had at least an 80% ground cover of leafy 
spurge and were sparsely infested with other perennial plants like 
western snowberry (Symphoricurpos occident&s Hook.) and 
Arkansas rose (Rosa arkansana Porter). 

The herbicides included 2,4-D dimethylamine, dicamba, piclo- 
ram liquid (2s). picloram 2% a.e. granules (2G), and picloram 2s 
applied using a roller or pipe-wick reduced volume applicator. The 
conventional sprayed treatments were applied using a tractor- 
mounted sprayer delivering 75 L/ha water at 240 kPa. A granular 
applicator was used to apply the picloram 2G formulation. The 
primary component of the roller applicator was a 20 cm diameter 
pipe covered with a 1.2 cm thick carpet (Messersmith and Lym 
1985). The carpet was uniformly treated with herbicide applied 
through a plastic pipe located above the roller. The roller rotated 
counter-clockwise at approximately 50 rpm, and the ground speed 
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of the applicator was 4.8 km/h. The pipe-wick consisted of 2 
parallel wick bars 2. I m long and 0.3 m apart, each constructed 
from 1.9 cm PVC pipe with 0.3-cm holes drilled every 5 cm and 
covered with polyfoam and canvas (50% cotton-50% polyester) 
(Messersmith and Lym 198la). Liquid in a storage tank flowed 
into the wicks as the canvas contacted plant stems with flow rate 
dependent on weed density. The roller and pipe-wick applicator 
height was adjusted to treat the top one-half of the tallest leafy 
spurge stems. Solution concentration on the roller was picloram at 
30 gae/ L; this is the same solution concentration as picloram at 2.2 
kg/ha sprayed at 75 L/ha. The solution concentration was 
increased for the pipe-wick applicator to picloram at 60 g ae/ L, 
since the pipe-wick applied about half the total volume per hectare 
as the roller applicator. The roller and wick generally apply SOand 
75%, respectively, less picloram than spray treatments of 2.2 kg/ ha 
in 80% or greater cover of leafy spurge (Lym and Messersmith 
1980). The additive in the roller and pipe-wick treatments was an 
oil concentrate (83% paraffin based petroleum oil + 15% emulsi- 
fier) at 5% (v/v). 

The experiment was established in June 1980 with 2 replications 
at each of the 4 sites. The design was a split plot with a factorial 
arrangement of treatments. The whole plots treated in June 1980 
were 4.6 by 46 m and consisted of 10 initial alternatives ranging 
from no treatment to comparatively inexpensive treatments of 
%lO/ ha to expensive herbicide treatments of $16O/ha or more 
(Table 1). The IO initial treatments applied to the whole plots 
included an untreated control, 2.4-D at 2.2 kg/ ha, picloram 2G 
and 2s at I. 1 and 2.2 kg/ ha, and roller and pipe-wick application 
of picloram alone and picloram plus 5% oil concentrate. Each 
whole plot was divided into six 2.3 by 15.3-m subplots in June 
I98 1, and retreatment alternatives were randomly applied within 
each whole plot. The six follow-up treatments included no 
retreatment, 2,4-D at I.1 kg/ha, dicamba at I.1 and 2.2 kg/ ha, 
picloram 2s at 0.28 kg/ ha, and picloram 2s plus 2,4-Dat 0.28 plus 
1.1 kg/ha. The retreatments ranged in cost from $5 to $50/ha/yr 
for 2,4-D and dicamba at 2.2 kg/ha, respectively. Each subplot 
received an identical retreatment in June of 1982 and 1983. Leafy 
spurge control was evaluated between June 10 and 25 in 1981, 
1982, and 1983, and was based on visual estimates of percent leafy 
spurge density reduction as compared to the untreated control with 
0% being no change in the number of stems and 100% being 
complete absence of leafy spurge stems. Retreatments were applied 
immediately after leafy spurge control evaluations had been made 
each year. 

Forage yield was determined in July 1981, 1982, and 1983 by 
harvesting 0.9 by 6 m in each plot with a rotary mower. Three 0.2 
by 0.3-m samples also were taken by hand along each harvested 
strip and separated into forage and leafy spurge components so 
percent leafy spurge and forage weight in the mowed sample could 
be calculated. The samples were oven dried at 60 “C and are 
reported with a 12% moisture content. The entire plot was mowed 
after harvest each year to remove dead leafy spurge stems and other 
plant material for improved forage measurement and maintenance 
of plot uniformity. The data for leafy spurge control and forage 
production were analyzed using the general linear models proce- 
dure (Stat. Anal. Syst. 1982). 

Results and Discussion 

Leafy Spurge Control 
Whole plots were treated in 1980 and visually evaluated 12 

months after treatment before any retreatments were applied in 
1981. The first evaluation (June 198 I) represented the leafy spurge 
control obtained on the whole plots with the initial treatment 
(Table 2). Picloram 2G at 2.2 kg/ ha, picloram 2s at 1.1 and 2.2 
kg/ ha, or picloram roller-applied at 30 g/L provided excellent 
leafy spurge control from 84 to 99% I2 months after application. 
Picloram 2G at I. 1 kg/ ha, picloram pipe-wick applied at 60 g/ L 
with and without oil concentrate, and picloram roller applied at 30 
g/L with oil concentrate provided leafy spurge control from 69 to 
76%. The 2,4-D at 2.2 kg/ ha provided only 25% leafy spurge 
control I year after application. Leafy spurge control from the 
sprayed and granular treatments was consistent with the 20-year 
averages from these herbicides (Lym and Messersmith 1985) 
although the 1980 growing season was very dry, which often results 
in poor herbicide absorption and translocation. The experimental 
sites received below normal precipitation in 1980, ranging from 
-6.27 cm at Valley City to I I .46 cm at Sheldon (Table 3). Leafy 
spurge grew under dry conditions much of the growing season and 
was 30 to 45 cm shorter than normal. 

The initial 1980 treatments were evaluated in 1982 and 1983 as 
subplots without a herbicide retreatment (Table 2). Picloram 2s at 
2.2 kg/ ha maintained 75 and 76% leafy spurge control in I982 and 
1983, respectively, but all other 1980 single treatments declined to 
58 and 4 1% control or less in 1982 and 1983, respectively. The rapid 
decline was not typical, especially for picloram at 2.2 kg/ ha, which 
generally maintains leafy spurge control at 85% or better for 18 to 
24 months in North Dakota (Lym and Messersmith 1983). The 

Table 1. Herbicide cost for 10 original herbicide treatments applied in 1980 and five annual retreatments applied in 1981 through 1983 in 1984 dollars. 

198 I to 1983 herbicide and rate (kg/ ha)/annual cost’ 

1980 2 2,4-D 
Application Sol’n 1.1 

Treatment Method Rate cont. Cost” (SW yr) 

‘W:“’ &Lo”) (.%/ha) 
2.4-D Sprayed 10 25 
Picloram 2G Broadcast I.1 160 175 
Picloram 2G Broadcast 2.2 

.;;’ 
320 335 

Picloram 2s Sprayed I.1 100 115 
Picloram 2S Sprayed 2.2 30 200 210 
Picloram Roller . 30 100 115 
Picloram + 5% 
oil conc.b Roller . 30 loo 115 

Picloram Pipe-wick . 60 50 65 
Picloram+S% 

oil cont. Pipe-wick . 60 50 65 
Control . . . . 0 15 

Dicamba 
I.1 

($25/yr) 

85 
235 
395 
175 
270 
175 

175 
125 

125 
75 

Dicamba Picloram Picloram + 2,4-D 
2.2 0.28 0.28 + 1.1 

WO/ yr) (W/yr) ($301 yr) 

(total’ $/ha) 
160 85 10 
310 235 250 
470 395 410 
250 175 190 
350 275 290 
250 175 190 

250 175 190 
200 125 140 

200 125 140 
150 75 90 

‘Costs do not include application costs which vary depending on location and equipment used. Estimated herbicide cost: 2.4-D = $51 kg ai. picloram 2s = $lOO/kg ai, picloram 
2%G = $16O/kg ai. dicamba = $25/kg ai. 
b83% paraflin based petroleum oil + IS% emulsifier. 
Total cost of 1980 treatment plus 3 annual retreatments. 
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Table 2. Leafy spurge control from 10 original herbicide treatments spray, roller or pipe-wick applied in June 1980 and five annual retreatments in June 
1981 and 1982 averaged over four locations in North Dakota. 

Treatment 

1980 

Application 
method Rate 

Solfi 
cont. 

Treated 
in 1980 

only 

I98 I and 1982 herbicide and rate (kg/ ha) 

Picloram Retreat- 
2.4-D Dicamba Dicamba Picloram +2,4-D ment 

I.1 I.1 2.2 0.28 0.28+ I. I mean 

Evaluated June 198 I 

LSD 

2,4-D 

(0.05) 

Sprayed 
Picloram 2G Broadcast 
Picloram 2G Broadcast 
Picloram 2S Sprayed 
Picloram 2S Sprayed 
Picloram Roller 
Picloram + 5% 

oil cont.’ Roller 
Picloram Pipe-wick 
Picloram + 5% 

oil cont. Pipe-wick 
Control 

LSD (0.05) j&O L‘ij 

Evaluated June 1982 
2.4-D Sprayed 
Picloram 2G Broadcast 
Picloram 2G Broadcast 
Picloram 2S Sprayed 
Picloram 2S Sprayed 
Picloram Roller 
Picloram + 5% 
oil cont. Roller 

Picloram Pipe-wick 
Picloram + 5% 

oil cont. Pipe-wick 
Control . . . . . 
Mean 

LSD (0.05) ;&j $;‘1’9** = 4; 

Evaluated June 1983 
2.4-D Sprayed 
Picloram 2G Broadcast 
Picloram 2G Broadcast 
Picloram 2S Sprayed 
Picloram 2S Sprayed 
Picloram Roller 
Picloram + 5% 

oil cont. Roller 
Picloram Pipe-wick 
Picloram + 5% 

oil cont. Pipe-wick 
Control . . . 
Mean . . . 

(kg/ha) w L) 

2.2 60 
I.1 . 
2.2 
I. I ‘;5’ 
2.2 30 
. 30 

30 
60 

60 
. 

2.2 60 
I.1 . . . . 
2.2 

. I.1 i5’ 
2.2 30 

. 30 

. . 30 26 24 24 28 36 41 31 
60 IO II 9 9 23 21 15 

60 
. . 

198O’X’l981 = I;; ‘. 

2.2 60 
I.1 . 
2.2 
I.1 .i5’ 
2.2 30 

30 

4 14 34 25 59 65 39 
IO I7 9 44 59 75 41 
41 52 65 60 69 74 64 
39 53 50 72 52 66 59 
76 84 87 89 87 83 86 
31 20 31 44 63 60 44 

30 21 31 34 53 63 71 50 
60 5 8 17 43 49 55 35 

8 17 

1980=9; 1981 & l982=7; 1980X(1981 & 1982)=22; 

24 33 74 61 
0 IO IO 36 22 38 

24 31 37 50 60 65 

. 60 
. . 

. . . . . . 

(Percent control)b 

25 
76 . . 
98 . . 
97 . 
99 . 
84 . . 

. 

. . 

. 

. 
. 

. 
. . 

. 
. . 
. 
. 

. . 

. . 

. . 
. 

. 

. . . 

. . 
. 

70 . 
69 . . 

. 

. 

71 
0 . 

. . 

. . 
. . 

I IO 8 9 26 28 I6 
14 I8 I4 29 35 35 26 
58 54 60 57 69 67 61 
43 39 42 51 46 52 46 
75 84 16 91 93 80 85 
28 20 27 24 31 45 29 

I3 II 24 28 46 34 29 
0 3 2 6 I5 20 9 

27 28 29 34 42 43 9 

42 
23 

‘83% paraffin based petroleum oil + 15% emulsifier. 
bEvaluations were 12 months after treatment and immediately prior to the retreatment applied for the year. 

picloram 2s formulation provided an average of 23 and 32% better 
leafy spurge control than the 2G formulation at 24 and 36 months 
following application, respectively. Picloram 2s and 2G generally 
provide similar leafy spurge control in North Dakota but the dry 
conditions of 1980 may have resulted in inadequate activation of 
the granules for leafy spurge control. Also, the dry conditions 
reduced plant vigor and probably caused poor absorption and 
translocation of foliarly applied picloram. The leafy spurge top- 
growth was too short for good contact with the roller or pipe-wick 
applicators, resulting in poor long-term control. Leafy spurge 
control is enhanced when most of the topgrowth is treated as 
compared to treating only the upper half of most stems (Messer- 
smith and Lym 1985). 

Both retreatments in 198 1 that included picloram at 0.28 kg/ ha 
and dicamba at 2.2 kg/ ha increased leafy spurge control compared 

Table 3. Total precipitation and departure from normal at four experi- 
mental sites from 1980 to 1983. 

Year 

Site and precipitation” 

McLeod Sheldon Valley Cityb 

Received Deuart. Received Deoart. Received Deoart. 

(cm) 
1980 43.26 -6.43 38.38 -I 1.46 43.16 -6.27 
1981 58.24 +8.6 I 59.20 + 9.31 44.98 -4.46 
1982 51.46 +I.78 51.30 + 1.47 45.38 -4.04 
I983 46.25 -2.64 43.56 - 6.27 44.65 -2.10 

‘Seventy-five percent of the annual precipitation occurs during the growing season 
bApril !o September). 
Two snes were located near Valley City. 
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to no retreatment when evaluated in 1982 (Table 2). The retreat- 
ments did not maintain control at the 1981 level except 2 retreat- 
ments following picloram 2s at 2.2 kg/ ha which maintained 92 and 
93% control, respectively, compared to picloram 2s alone, which 
provided 75% leafy spurge control. Leafy spurge control with 
picloram roller-applied at 30 g/L in 1980 declined from 84% in 
1981 to 28% in 1982. Leafy spurge control with picloram applied at 
60 g/L in a pipe-wick with and without oil concentrate, declined 
from 69 and 71% control in 1981, respectively, to 13 and 10% 
control, respectively, in 1982. None of the retreatments maintained 
leafy spurge control higher than 46% with any roller or pipe-wick 
applied original treatment. Additives with picloram roller or pipe- 
wick applied did not improve leafy spurge control. Retreatment 
with 2,4-D or dicamba at I. 1 kg/ ha did not improve leafy spurge 
control regardless of the original 1980 treatments. 

In general, leafy spurge control from the retreatments improved 
in 1983 compared to 1982 (Table 2). The enhanced control proba- 
bly was due both to the improved growing conditions during 1982, 
which increased the susceptibility of leafy spurge to herbicide 
injury, and to a gradual loss of vigor in the leafy spurge plant 
following 3 years of annual treatment. Picloram 2s at 2.2 kg/ ha 
was the only 1980 initial treatment without retreatment to main- 
tain satisfactory (76%) leafy spurge control by 1983, and control 
was increased to 86% when averaged across the 5 herbicide 
retreatments. Leafy spurge control from picloram 2s at 1. I kg/ ha 
applied in 1980 had declined to 39% in 1983, but control was 
increased to 72 and 66% with retreatments of dicamba at 2.2 kg/ ha 
or picloram plus 2,4-D at 0.28 plus I. I kg/ ha, respectively. Piclo- 
ram 2G at 2.2 kg/ ha without retreatment provided only 41% leafy 
spurge control in 1983, but control was 64% averaged over the 5 
retreatments. Picloram 2G at 1.1 kg/ ha applied in 1980 provided 
only 10% leafy spurge control in 1983 but control increased to 75% 
with 2 annual retreatments of picloram plus 2,4-D at 0.28 plus I. 1 
kg/ ha. 

Picloram roller or pipe-wick applied and 2,4-D at 2.2 kg/ ha in 
1980 provided 21% or less leafy spurge control in 1983 (Table 2). 

Annual retreatment of picloram at 0.28 kg/ha or picloram plus 
2,4-D at 0.28 plus I. I kg/ ha over the roller and pipe-wick treat- 
ments gave an average of 62% leafy spurge control. Thus even with 
an annual retreatment, the roller and pipe-wick treatments did not 
provide long-term satisfactory leafy spurge control. 

Dicamba at 2.2 kg/ ha, picloram at 0.28 kg/ ha, and picloram 
plus 2,4-D at 0.28 plus I. 1 kg/ ha provided 34, 42, and 43% leafy 
spurge control, respectively, in 1982 and 50, 60, and 65%, respec- 
tively, in 1983 when averaged across all original 1980 treatments 
(Table 2). Dicamba or 2,4-D each at 1.1 kg/ ha were less effective 
than the other retreatments, because leafy spurge top growth was 
prevented for only 1 to 2 months. 

The best leafy spurge control after 3 years was 83 to 89% from 
picloram 2s at 2.2 kg/ha followed by any retreatment. The best 
leafy spurge control in plots treated with picloram in a reduced 
volume applicator was from roller application at 30 g/L with 
annual retreatments of picloram plus 2,4-D at 0.28 plus I. 1 kg/ ha 
at 7 1% and pipe-wick application at 60 g/L with oil concentrate 
followed by annual retreatments of picloram at 0.28 kg/ ha at 74%. 
The roller applicator applied 60% less herbicide than the sprayer 
applicator when using similar application conditions (Messersmith 
and Lym 1985) so the initial treatment with a reduced volume 
applicator may result in an economic advantage even though the 
leafy spurge control was less than from a sprayed or granular 
treatment. 

Forage Production 
Forage and leafy spurge production was consistent by location 

and year and were combined for discussion. Forage production 
increased for 27 of the 59 herbicide treatments and leafy spurge 
production was decreased by all treatments compared to an aver- 
age of I,3 14 and 1,490 kg/ ha, respectively, for the untreated con- 
trol (Table 4). It was expected that leafy spurge production would 
be low because harvest was 3 to 4 weeks after herbicide application 
each year. Even when herbicides were applied only in 1980, all 
treatments reduced leafy spurge production compared to the 
untreated control. 

Table 4. Mean forage and leafy spurge production following leafy spurge control with 10 original herbicide treatments applied in June 1980 and five 
annual retreatments applied in June 1981 through 1983 at four sites in North Dakota. 

Treatment 

1981 to 1983 herbicide and rate (kg/ha) 

Picloram 
No 2,4-D Dicamba Dicamba Picloram + 2,4-D 

1980 retreatment I.1 I.1 2.2 0.28 0.28 + 1.1 Mean 
Application 

method 
Sol’n For- Leafy For- Leafy For- Leafy For- Leafy For- Leafy For- Leafy For- Leafy 

Rate cont. age spurge age spurge age spurge age spurge age spurge age spurge age spurge Total 

(kg/ha) (g/L) (kg/ha) 
2,4-D Sprayed 2.2 60 1867 662 1999 102 1624 234 1970 216 2156 105 1648 130 1877 242 2119 
Picloram 2G Broadcast I.1 1814 

: : :: 1683 
465 1878 78 1591 333 1689 135 1810 79 2037 59 1803 192 1995 

Picloram 2G Broadcast 2.2 I91 2134 91 2177 73 1716 70 1829 72 1613 59 1859 93 1952 
Picloram 2S Sprayed I.1 I5 1904 92 1493 59 2093 74 1821 59 1577 59 2194 59 1847 67 1914 
Picloram 2S Sprayed 2.2 30 1601 61 1663 59 1587 59 1709 59 1749 59 1822 59 1689 59 1748 
Picloram Roller . . 30 1942 370 2047 100 1928 113 1851 109 2222 94 1823 62 1969 I41 2110 
Picloram+S% 

oil conc.b Roller 
: : : 

30 1832 263 1664 86 1724 164 1646 137 1717 63 1441 59 1671 129 1780 
Picloram Pipe-wick 60 1447 446 1976 76 1798 203 1660 158 1906 100 1666 59 1742 174 1916 
Picloram+S% 

oil cont. Pipe-wick . . 60 1313 270 1739 59 1644 148 1666 120 1400 59 1478 59 1540 II9 1659 
Control . . . . . . . . 1314 1490 1771 218 1702 603 1707 403 2150 58 2247 58 1815 472 2287 

Mean . . . . . . . . . . 1672 431 1836 93 1789 200 1744 147 1852 75 1797 60 
Leafy 

Forage spurge Total 

LSD (0.05) 1980 = 196 
1981 to 1983 q  ISI 

5”3 206 

1980 X (1981 to 1983) = 475 165 

~Total = Forage plus leafy spurge production. 
83% paraffin based petroleum oil + 15% emulsifier. 
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Total dry matter production for all 1980 picloram treatments 
was reduced compared to the control except roller application 
without a surfactant (Table 4). The reduction was due mainly to 
leafy spurge control but some treatments also reduced grass pro- 
duction. Total dry matter production was lowest for picloram 2s at 
2.2 kg/ ha, and picloram roller and pipe-wick applied both with an 
oil concentrate. These treatments probably caused the greatest 
retention of picloram on grass leaves, which apparently resulted in 
grass injury; the forage production averaged 1,633 kg/ ha for these 
treatments compared to 1,844 kg/ ha for the other five 1980 piclo- 
ram treatments. Thus, all 1980 picloram treatments resulted in 
greater forage production than the untreated control, but grass 
injury prevented increases as large as for some other treatments. 

Leafy spurge control does not have to be long-term to provide 
increased forage production. Five treatments applied in 1980 with 
no retreatment had an increase in forage production of 500 kg/ ha 
or more than the untreated control. Even a single treatment of 
2,4-D at 2.2 kg/ ha resulted in an increased forage yield despite the 
highest leafy spurge production among treated areas. The 4 treat- 
ments that did not significantly increase forage production, i.e., 
both picloram at 2.2 kg/ ha and both pipe-wick treatments, appar- 
ently can be attributed to grass injury since they had less leafy 
spurge production than the 2,4-D treatment. These results suggest 
that an irregular herbicide application program involving treat- 
ment at 2- or 3-year intervals should result in improved forage 
production even though the reduction of leafy spurge density will 
be low; however, the herbicide treatment must not cause grass 
injury. 

The annual retreatments reduced leafy spurge yield when com- 
pared to subplots receiving only 1980 treatments, except for the 
three 1980 treatments that provided the best leafy spurge control 
when applied alone, namely picloram 2G at 2.2 kg/ ha and 2s at I. 1 
and 2.2 kg/ ha (Table 4). Picloram at 0.28 kg/ ha and picloram plus 
2,4-D at 0.28 plus 1.1 kg/ ha resulted in 2 of the highest forage 
yields and lowest leafy spurge yields when applied as annual treat- 
ments even with no 1980 treatment. These treatments provided 22 
and 38 leafy spurge control, respectively, in 1983 (Table 2), but 
averaged about 2200 kg/ ha forage production (Table 4). Thus a 
program that gradually reduces a leafy spurge infestation with an 
annual application of a relatively inexpensive herbicide combina- 
tion can be most cost effective for forage production and weed 
control than a single expensive treatment (Table 1). 

Dicamba at 1.1 and 2.2 kg/ ha applied as annual retreatments 
alone resulted in 1,702 and 1,707 kg/ ha of forage and 603 and 403 
kg/ ha of leafy spurge, respectively (Table 4). The 2.4-D at 1.1 
kg/ ha resulted in I,77 1 and 2 18 kg/ ha of forage and leafy spurge, 
respectively and is more economical than either dicamba treatment 
(Table 1), so it usually would be the preferred retreatment. Some 
grass species such as smooth brome are more susceptible to 
dicamba than bluegrass (McCarty and Scifres 1968, Morton et al. 
1967, Vanden Born 1965) and may produce less forage after 
dicamba application than this study estimated. Dicamba is metab- 
olized rapidly by bluegrass (Broadhurst et al. 1966) which may 
minimize injury to this species. 

Herbicide treatments that provided the best leafy spurge control 
did not necessarily provide the highest forage production. Piclo- 
ram 2s at 2.2 kg/ha which maintained 76 to 89% leafy spurge 
control (Table 2) was not among the highest yielding treatments 
(Table 4). Picloram roller-applied at 30 g/L alone and with 
retreatments provided only moderate leafy spurge control (Table 
2), but was among the highest yielding of the 59 herbicide treat- 
ment combinations (Table 4). The dry conditions of 1980 may have 
increased plant susceptibility to picloram (Arnold and Santelmann 
1966), resulting in reduced forage production. Picloram roller- 
applied mostly contacted leafy spurge topgrowth, so injury that 
would affect forage production was minimized. 

Application of 2,4-D at 2.2 kg/ ha in 1980 and at 1.1 kg/ha 
annually thereafter provided one of the highest annual forage 

productions of any treatment at 1,999 kg/ ha (Table 4), despite 
consistently poor leafy spurge control (Table 2). The 2,4-D applied 
to leafy spurge controls the topgrowth but has minimal control of 
the root system, so leafy spurge reinfests in 2 to 3 months to 
densities equal to or higher than the original stand (Bybee 1979, 
Messersmith and Lym 198lb). However, 2,4-D applied in June 
reduced leafy spurge competition long enough to allow increased 
forage production. 

Picloram pipe-wick applied at 60 g/ L generally gave slight or no 
increase in forage production compared to the control regardless 
of the retreatment (Table 4). Pipe-wick treatments also were 
among the lowest in leafy spurge control, so they are not desirable 
for long-term leafy spurge management. 

Higher grass density was observed in the untreated control plots 
than in the leafy spurge infested areas adjacent to the experiment as 
the experiment progressed. Thus the increase in forage production 
due to herbicide treatment may have been underestimated. The 
entire experiment was mowed immediately after harvest to provide 
a uniform cutting across all plots and to remove all plant material 
to facilitate the next year’s harvest. Perhaps mowing alone allowed 
the grass to better compete with leafy spurge. 

Several long-term management alternatives provide a choice of 
herbicide, application method, duration of acceptable control, and 
forage production in leafy spurge infested areas. If leafy spurge is in 
an area that can be treated annually with relatively low application 
costs, then picloram at 0.28 kg/ ha or picloram plus 2,4-D at 0.28 
plus 1.1 kg/ ha should be the most cost effective treatments when 
considering both leafy spurge control and forage production. The 
leafy spurge stand can be reduced gradually (Lym and Messer- 
smith 1983) while the forage production is maximized. If leafy 
spurge is located in terrain where annual application is very expen- 
sive than picloram at 2.2 kg/ ha could be used to provide long-term 
leafy spurge control. Although 2,4-D is a more economical herbi- 
cide than picloram, annual 2,4-D applications will cause minimal 
reduction of the original infestation but should reduce spreading. 
The roller applicator is practical only in areas of even terrain such 
as abandoned crop fields or roadsides. 
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