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Abstract 

More information about the effects of combiig intensive live- 
stock grazing of noxious weeds and associated desirable plants 
with other control measures is needed to develop effective range- 
land weed management strategies. We studied the response of 
leafy spurge (Euphorbiu esula L.) and Kentucky bluegrass (Pea 
pratensis L.) to intensive short-duration grazing by either sheep 
or cattle, in combination with picloram (4-amino-3,5,6- 
trichloropicolinic acid) for 5 years. In the fmt year, 2 pastures 
(16 and 24-ha) were split into 3 blocks and picloram was applied 
to one-half of each block at a rate of 0.9 kg hi? Exclosures were 
established to include both treated and untreated portions in 
each block. The smaller and larger pastures were grazed by 
sheep and cattle, respectively. There were 1 or 2 grazing periods 
per year, varying from l- to Z-days in length. Leafy spurge stem 
densities were counted annually, and grass cover and plant bio- 
mass were also examined. Data from each pasture (cattle or 
sheep) were analyzed separately using analyses of variance. 
Leafy spurge was selectively grazed by sheep, and stem densities 
were reduced by sheep grazing (P<O.Ol). Cattle did not utilize 
leafy spurge and stem densities were not affected. Picloram 
reduced leafy spurge stem densities throughout the study in both 
the sheep (P~O.001) and cattle (P~O.001) pastures. Picloram also 
reduced leafy spurge biomass in the sheep pasture (P<O.OS), 
which allowed an increase in Kentucky bluegrass biomass. 
Grazing x picloram interactions affecting either leafy spurge 
stem densities or leafy spurge biomass were not detected. An 
integrated leafy spurge management system may require a 
longer time frame, additional control measures, and (or) more 
intensive grazing management. 
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Lea@ spurge (Euphorbiu esula L.), a Eurasian invader current- 
ly infests over 600,000 ha of grazing land in North and South 
Dakota, Montana, and Wyoming. Infested areas continue to 
expand rapidly (Leistritz et al. 1992), threatening many native 
plant communities in the western U.S. The plant is long-lived, 
has a wide ecological amplitude, reproduces vegetatively and by 
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seed, has few natural enemies in North America, and contains 
compounds which cause some livestock to develop an aversive 
response to it (Selleck et al. 1962, Bowes and Thomas 1978, Lym 
and Kirby 1987, Kronberg et al. 1993). Most animals have prefer- 
ences for certain forages. Under continuous grazing the preferred 
forages are eventually reduced or eliminated, which decreases 
their role as competitors in the plant community (Crawley 1983, 
Louda et al. 1990). Theoretically, cattle grazing can reduce grass- 
es and increase the susceptibility of the plant community to inva- 
sion by less-preferred weedy species. Intensive grazing by ani- 
mals preferring forbs, such as sheep and goats, can shift the plant 
commuuity toward more desired grasses. 

Previous research has shown that cattle avoid leafy spurge 
infested sites (Lym and Kirby 1987, Hein and Miller 1992). In 
contrast, leafy spurge is a suitable forage for sheep (Landgraf et 
al. 1984, Bartz et al. 1985, Walker et al. 1992), and in some situa- 
tions can be controlled by them (Johnston and Peake 1960, 
Bowes and Thomas 1978, and Lacey et al. 1984) 

Long-term chemical control of leafy spurge is extremely diffi- 
cult to achieve. Picloram (4amino-3,5&richloropicolinic acid) 
is the most effective chemical for reducing leafy spurge density, 
but only provides short-term control (Lym and Messersmith 
1987). A combination of chemical, cultural, or biological control 
may be necessary to provide sustainable control (Alley et al. 
1984, Dershield et al. 1985, Sedivec and Maine 1993). 

Although much research has focused on controlling leafy 
spurge, the effects of livestock grazing on leafy spurge-dominat- 
ed plant communities are poorly understood; especially the 
effects of short-duration livestock grazing in combination with 
herbicide application. We evaluated the effects of short-duration 
cattle or sheep grazing, in combination with ‘picloram on leafy 
spurge and Kentucky bluegrass (Pea prutensis L.). Information 
should be useful in developing integrated management strategies 
for managing leafy spurge on rangeland. 

Materials and Methods 

Study Site 
This study was conducted at the Crazy Mountain Ranch (45” 

45’ N, 110” 23’ W, elev. 2,100 m) approximately 6 km east of 
Clyde Park, Montana. Mean annual precipitation is about 50 cm, 
with 55% received during the growing season (May-September). 
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About 2,680 kg ha-’ of total herbage is produced annually on the 
silty range sites (well drained soils that are moderately fine in 
texture). Herbage is comprised of Kentucky bluegrass (75%), 
leafy spurge (20%), and other plants (5%). The proximity of old 
buildings indicated that the area was homesteaded and farmed in 
the early 1900’s. 

Methods 
Two pastures (16 and 24ha) were fenced in 1990. Each pasture 

was divided into 3 equal blocks, one-half of which was randomly 
selected for herbicide treatment. A single application of picloram 
was applied at a rate of 0.9 kg ha-’ in June 1990. Three permanent 
exclosures (8 x 30 m) were constructed in each of the pastures. 
Each exclosure straddled the boundary line between the piclo- 
ram-treated and nonpicloram-treated strip of each block. For each 
of these strips, 2 permanent transects (30-m) were established 
inside, and 2 parallel transects were established outside of its 
exclosure. A total of 24 transects were established in each pas- 
ture. Five permanent plots (0.5 m*) were systematically located 
along each transect. Transect and plot locations were marked 
with iron stakes and l&m nails, respectively. Three or 2 utiliza- 
tion cages (1 m*) were located in each picloram-treated and each 
nonpicloram-treated strip in the 16-ha and the 24-ha pasture, 
respectively. Thus, the pastures grazed by sheep and cattle con- 
tained 18 and 12 utilization cages, respectively. 

The Hi-ha pasture was grazed armually by about 1,100 targhee 
ewes with lambs. The grazing period usually lasted 2 days, and 
occurred in early July when leafy spurge was flowering. Twice 
during the 5-year period, the sheep regrazed the pasture for 1 day 
in early September. The 24ha pasture was grazed annually by 
cattle. During the first 2 years of the study, 500 cows with calves 
grazed the pasture for 2 days in early July. About 525 yearling 
heifers grazed the pasture in the remaining years. Except for the 
short grazing periods, livestock were excluded from the pastures 
for the remainder of the year. 

Leafy spurge stems were counted annually in the plots along 
each transect. Counts in the initial and final years were made in 
September. Density data in other years were collected in June. 

Kentucky bluegrass foliar cover, the percent of the plot occu- 
pied, was estimated within each of the 0.5 m* plots located along 
the transects at the beginning of the study. Cover was classified 
into 6 classes: 1 = O-10%, 2 = ll-25%, 3 = 26-50%, 4 = 
51-75%, 5 = 76-90%, and 6 = 91-100%. 

Leafy spurge and Kentuclq bluegrass utilization was estimated 
immediately following grazing, from 1990 through 1993, by clip- 
ping plots inside and outside of the utilization cages. In 1994, 
above-ground biomass of leafy spurge and Kentucky bluegrass 
was clipped to ground level inside the exclosures and utilization 
cages. The former represented yield after 5 years of protection, 
while the latter represented yield after 1 year of protection from 
livestock grazing. After collection, all herbage samples were sep- 
arated by species, oven-dried for 48 hours at 65’ C and weighed. 

AIldJGS 

Data from cattle and sheep pastures were analyzed separately. 
Leafy spurge stem densities (1991, 1992, 1993, and 1994), were 
analyzed using analyses of variance (SAS 1990). Main effects 
were year (n=4), grazing (grazed vs. not grazed), and picloram 
(picloram vs. no picloram). Grazing by herbicide interactions 
were included. Analysis of stem density and cover data collected 
in 1990 indicated that blocks were similar. Separate analyses of 
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variance were used to determine effects of treatments on 
Kentucky bluegrass cover and bunchgrass (Sripa spp; Dunthor& 
ssp.) density within year (1990 and 1994), and biomass (leafy 
spurge and grass) in 1994. 

Results 

Sheep Grazing 
Sheep utilized from 65-86% of the leafy spurge annually (data 

not shown). Leafy spurge stem densities were reduced by sheep 
grazing (PcO.01) and by the application of picloram (P<O.OOl). 
Regardless of treatment, stem densities increased (P <O.OOl) dur- 
ing the study (1991 < (1992 = 1994) < (1994 = 1993)) (Fig. 1). 
Significant (P cO.10) grazing X picloram interactions on stem 
densities were not detected. 
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Fig. 1. Densities (means and standard deviations) of leafy spurge 

stems by year iu the sheep pasture at Clyde Park. 

Neither leafy spurge (mean = 4.75 kg ha’; P = 0.18) nor Kentucky 
bluegrass (mean = 20.85 kg ha-‘; P = 0.48) biomasses were affected 
by sheep grazing. Piclomrn reduced leafy spurge (PcO.10) from 5.7 
to 3.7 kg ha-’ and increased Kentucky bluegrass (P =< 0.05) from 
17.5 to 24.3 kg ha-‘. Significant (P = ~0.10) grazing x picloram 
interactions on leafy spurge biomass were not detected. 

Kentucky bluegrass cover was similar among treatments in 
1990. Four years later, cover was not affected by either sheep 
grazing (mean = 2.8%; P = 0.18) or picloram (mean = 2.85; P = 
0.91). Bunchgrass density was initially higher (P ~0.10) in the 
picloram treated strips; but by 1994, no differences were detected 
(mean = 0.48 plants mm*; P = 0.26). 

Cattle Grazing 
Leafy spurge stem densities increased (P<O.OOOl) during the 

study (1991 c (1992 = 1994) < 1993) (Fig. 2). Stem densities 
were not affected (P= 0.66) by cattle which did not utilize leafy 
spurge. Stem densities were reduced (p<O.@Ol) by picloram. 
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Year 
Fig. 2. Densities (means and standard deviations) of leafy spurge 

stems by year in the cattle pasture at Clyde Park. 

Above-ground biomass of leafy spurge was not affected by 
grazing (mean = 6.65 kg ha-‘; P = 0.54) or by picloram (mean = 
6.75 kg ha-‘; P = 0.91) but Kentucky bluegrass was influenced by 
a significant grazing x piclomm interaction (Fig. 3). The biomass 
of Kentucky bluegrass increased when picloram treatments were 
combined with cattle grazing but not by picloram treatment 
alone. 

Kentucky bluegrass cover was similar among treatments in 
1990. Four years later, mean cover class increased from 2.9 to 3.3 
with either cattle grazing (P < 0.05) or with picloram (P <O.Ol). 
Bunchgrass densities (0.48 plants mm2) were similar among treat- 
ments throughout the study. 

Discussion 

Lassiz faire policies are not recommended for controlling leafy 
spurge infestations. Without sheep grazing or picloram, leafy 
spurge stems doubled from 1990 to 1994 (Fig. l), and there was 
no evidence of native plant community restoration. Leafy spurge 
increases were reduced with sheep grazing and picloram. In com- 
parison to no grazing, the benefits of sheep grazing became most 
noticeable between the 2nd and 3rd grazing season after picloram 
application (Fig. 1). 

Results from our study are not in complete agreement with 
other studies. While sheep grazing reduced leafy spurge stem 
densities in the present study, results were less dramatic than 
those reported by Johnston and Peake (1960) and Bowes and 
Thomas (1978). However, the former study was conducted in a 
crested wheatgrass (Agropyron crisfarum L.)-leafy spurge pas- 
ture, and the latter employed heavy season-long grazing. 

We did not observe the increased growth of associated species 
that were reported by Montana ranchers (Lacey et al. 1984). 
These differences may be explained by differences in grazing 
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management. Most leafy spurge-infested pastures are apparently 
grazed season-long. In contrast, our study utilized a short-dura- 
tion grazing system. Although high animal density for short graz- 
ing periods normally reduces animal selectivity, our sheep select- 
ed leafy spurge in favor of Kentucky bluegrass. After 2 days of 
grazing, utilization of spurge varied from 65 to 86%, while uti- 
lization of grass varied from 26 to 45% annually. In comparison 
to plants protected from sheep grazing, the sheep-grazed leafy 
spurge stems tended to be shorter and produced fewer flowers. 
Although vigor was reduced by grazing, it is possible that leafy 
spurge recovered during the long non-grazing period. The effect 
of incorporating frequent grazing periods into our short-duration 
grazing strategy are unknown. 

Our results indicate that a single application of picloram may 
partially control leafy spurge for 4 to 5 years. Because annual 
applications of picloram plus 2,4-D (2,4 dichorophenoxy acetic 
acid) at 0.28 and 1.1 kg ha-‘, respectively, are normally required 
to achieve about 90% leafy spurge control (Lym and Messersmith 
1987), control in our study may have been enhanced by the high- 
er picloram rate (0.9 kg ha-‘) and by the short duration grazing 
prom. 

A synergistic effect of picloram and sheep grazing may exist. 
From 1990 through 1993, there were fewer leafy spurge stems in 
the picloram-treated plots than in the sheep-grazed plots (Fig. 1). 
However in 1994, there were fewer leafy spurge stems in the 
sheep-grazing treatment than in the picloram treatment: In con- 
trast, we were able to obtain the best results with the combination 
of sheep grazing and picloram. Results are expected to vary with 
the timing, frequency, or severity of defoliation. 

Sheep selectively grazed leafy spurge, regardless of stem densi- 
ty, in our study. In contrast, sheep avoided high densities of flow- 
ering stems in Idaho (Walker et al. 1994). These differences may 
be related to inherent variability within leafy spurge. 

Stem densities fluctuated annually at our study site. Much of 
the variation is attributed to precipitation (Table 1). In contrast to 
1994, favorable precipitation enhanced seedling establishment in 
1993. Selleck et al. (1962) attributed fluctuating stem densities in 
Saskatchewan to precipitation, competition and other environ- 
mental factors. The inclusion of seedlings in density measure- 
ments increased the variability of stem densities in our data. 
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Fig. 3. Interaction of grazing x picloram on grass biomass in the cat- 
tle pasture at Clyde Park. 
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Table 1. Monthly precipitation (cm) and deviation from 30 year normal for Wilsall, Mont., the most representative climatological station. 

Month 1990 1991 1992 1993 1994 
PPt dev PPt dev PPt dev PPt dev PPt dev 

April 
MLIY 
June 
July 
August 
September 
October 
Total 

------------------------- (cm) _ _ _ _ _ _ _ _ _ _ _ ------ -------- 
6.68 2.11 8.48 3.91 10.69 6.12 10.87 6.30 5.87 1.30 

10.21 1.50 11.43 2.72 8.64 -0.07 14.15 5.44 4.s3 -3.s9 
3.71 -4.44 5.69 -2.46 16.92 8.77 11.43 3.28 8.10 -0.05 
3.20 -1.06 0.58 -3.68 7.21 2.95 18.26 14.00 5.99 1.73 
4.22 -0.40 3.63 -0.99 3.33 -1.29 8.94 4.32 0.84 -3.7s 
0.86 -4.25 5.61 0.50 3.56 -1.55 5.11 0.00 1.09 -4.08 
2.29 -1.52 1.93 -1.ss 6.30 2.49 2.13 -1.68 6.S3 3.02 

43.36 -s.99 51.03 -1.32 66.32 13.97 79.53 27.18 42.82 -9.27 

Kentucky bluegrass biomass generally increased with picloram 
treatments as competition from leafy spurge was reduced. 
However, production eventually declined in the cattle pasture, 
where selective grazing of grasses gave leafy spurge a competi- 
tive advantage. Although grass biomass in the cattle pasture 
declined as leafy spurge biomass increased, Kentucky bluegrass 
cover remained higher with grazing. Grazing decreased the 
excessive accumulation of Kentuck- bluegrass litter which sup- 
presses production. 

Our study tried to integrate intensive livestock grazing with 
picloram to control leafy spurge. Although leafy spurge densities 
increased during the 5-year period, increases were reduced with 
sheep grazing and picloram treatments. An integrated system for 
managing leafy spurge may require a longer time frame, addition- 
al control measures, and (or) a more intensive grazing manage- 
ment program. 
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