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AbSttWt 

Dyers woad (Is&& tktoria L.) is an iatroduced crudferous forb 
that in rapidly expanding on intermountain rangelands and is 
apparently reducing production and regeneration of more desir- 
able forage plants. Mechanical end chemical controls are expen- 
sive as well as having deleterious effects on nontarget species. 
Limitations to controlling thie noxious weed by early spring graa- 
hag were investigated with clipping experiments at 1 site in the 
Wasatcb foothills of northern Utah. These results were compared 
with actual utilization of woad by sheep at a poor condition 
example of that site. Significant mortality 8nd reduction in repro- 
ductive performance occurred when at least 60% of the above- 
ground phytomass had been removed on or after 23 May. Clipping 
twice, to remove as much as 90% of aboveground tissue before 23 
May, did not significantly affect word mortality, percent flower- 
ing, or fruit production. Sheep did not graze tti weed heavily 
enough at late enough dates to significantly affect mortality or seed 
production. Even on a poor condition range, these animals 
switched to other forages after about 15 May. Stocking rates 
rquired to restrict dyers word at our clipping site would likely 
result in further range deterioration. More host- specific biological 
control agents should be examined. 
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Dyers woad (Isaris rincroriu L.) is an introduced cruciferous forb 
that has been rapidly spreading in the croplands and rangelands of 
northern Utah and surrounding states (Farah et al. 1988). Young 
and Evans (1977) and Evans and Chase (198 1) concur that dense 
infestations can substantially reduce forage production and regen- 
eration of more desirable species. Chemical and mechanical con- 
trols exist for croplands (Evans and Gunnel1 1982, King and Evans 
1983). Damage to nontarget, desirable forage plants, steepness and 
rockiness of most range sites where woad occurs, and questionable 
economic feasibility limit use of these chemical and mechanical 
controls on rangelands. Development of a biological control 
would thus be desirable. Others have obtained some success with 
livestock as control agents of other noxious rangeland weeds (Sci- 
fres 1981, Brock 1988). 

Limitations to controlling dyers woad by early spring grazing 
were investigated via clipping experiments. We sought combina- 
tions of intensity, frequency, and timing of clipping that could 
cause significant mortality and reduction in flowering and seed 
production of dyers woad. These results were compared with 
actual patterns of dyers woad utilization by sheep and correspond- 
ing impacts on its mortality, percent flowering, and seed produc- 
tion. 
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Materials and Methods 

study sites 
Our experiments were conducted at 2 foothill locations on the 

western slope of the Wellsville Mountains, Box Elder Co., Utah. 
Elevations averaged about 1,500 m. Soils there belong to the 
Sterling Series, a well-drained loamy skeletal, mixed mesic Typic 
Calcixeroll (Soil Conservation Service 1975). Estimated average 
precipitation is about 40 cm/ yr. Average annual air temperature is 
9” C (Soil Conservation Service 1985). Potential natural vegeta- 
tion is dominated by big sagebrush (Arremisiu rridenruru Nutt.) 
and bluebunch wheatgrass [Agropyron spicurum (Pursh) Scribn. 
& Smith]. 

Both clipping and utilization studies were located on a “moun- 
tain shallow” range site (Soil Conservation Service 1985). The 
clipping studies were located in an area that had not been grazed by 
livestock for at least 20 years. Vegetation there was in late seral or 
“good” condition for livestock use. Utilization studies of woad 
were conducted in a sheep pasture about 3 km to the north of the 
locale of the clipping studies. Although elevation, slope, exposure, 
soils and potential vegetation were similar at the sites used for 
clipping studies, a long history of early spring through fall grazing 
had caused retrogression to early seral or “poor” conditions for 
livestock use (Soil Conservation Service 1975). The major plant 
species there were big sagebrush, cheatgrass (Bromus rectorurn L.), 
bulbous bluegrass (2%~ bulbosu L.), broom snake weed [Gurieve- 
ziu surorhrue (Pursh) Brit. & Rusby], gumweed [Grindelia squur- 
rosu (Pursh) Dunal], and dyers woad. 

Clipping Study Procedures 
A 30 by 50-m macroplot with a dense population of dyers woad 

was selected. The plot was divided into 30 rows, each 1 by 30 m, 
perpendicular to the contour. Ten random locations within each 
row were selected and the dyers woad plant nearest to this location 
was marked during October, 1983, and a 1 meter tall wooden stake 
placed 50 cm to the north. Selected plants had a basal rosette of at 
least 3 leaves that spanned at least 4 cm. Such plants (1): could be 
positively identified as dyers woad; (2) could be utilized by sheep; 
and (3) were likely to live to maturity (Farah et al. 1988). 

The clipping regimes were of 2 intensities, 60% or 90% removal 
of aboveground tissue, found at the time of each clipping plus an 
unclipped control. The percent aboveground phytomass removed 
was based on rosette radius, collective leaf mid-rib lengths or stalk 
height, existing on the plant at the time of clipping. Concurrent 
studies (Farah 1987) showed strong relationships between these 
dimensional variables and aboveground biomass of dyers woad. 

The plants were also subjected to varying frequencies of clipping 
at several dates during the growing season: (1) only once on 16 
April 1984, (2) twice on 16 April and again on 7 May 1984; (3) three 
times on 16 April, 7 May, and 23 May 1984; and (4) four times on 
16 April, 7 May, 23 May, and 11 June 1984. Each frequency- 
intensity treatment combination was replicated 30 times. Plants for 
eachtreatmentwerechosenatrandomfromtheentiremarkedpopulation. 

At each clipping date, a separate set of previously unclipped 
plants (intermingled with the other plants) was clipped only once at 
90% intensity to determine if dyers woad was susceptible to a 
single, severe clipping at a certain time. Data from this treatment 
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also helped to separate the interactions of frequency of clipping 
with time of clipping. 

Data taken just before clipping included phenophase (Farah et 
al. 1988), rosette diameter, number of rosette leaves, and basal 
diameter just beneath the rosette leaves. Other data collected at 
later dates were stalk height, number of stalks bearing flowers, and 
fruit number per plant. Since clipping often retarded development, 
plants clipped in 1984 were observed again during the 1985 grow- 
ing season. The effects observed during 1984 and cumulatively 
from 1984 and 1985 were analyzed separately. 

The statistical design consisted of a (2 X 4) + 1 modified factorial 
with experimental units (individual plants) and treatments arranged 
completely at random. 

A binomial chi-square analysis was used to test the effect of 
clipping on mortality and percent flowering of dyers woad (Coch- 
ran and Cox 1957). Ninety-five percent confidence intervals were 
used to detect differences in seed production and number of flower- 
ing stalks produced between treatments. A square root transforma- 
tion was required to homogenize variances among treatments. For 
purposes of presentation, means and confidence intervals were 
back-transformed to the original scale (Sokal and Rohlf 1981). The 
multiple and single time clipping treatments were analyzed together 
and separately. The latter analysis made it possible to determine 
how much a single clipping at a given time contributed to the total 
effect. 
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A site physically similar to the area of the clipping study was 

located in March of 1984 near the center of a sheep-grazed pad- 
dock. Ten transects, each 50 m long, were chosen so that they ran 
parallel to sheep trails (to minimize trampling impacts). These 
transects were marked with iron pins, driven in close to the ground 
surface at 5-m intervals. 

Six hundred plants (rosette diameter >6 cm) were chosen in 
early April, 1985. Random distances along the transects were 
selected and then the nearest plant to that point located. Plants 
were further identified by colored toothpicks placed upright in the 
soil 5 cm to their north. Half the selected plants were protected 
from sheep grazing that season by l-m3 wire exclusion cages. These 
plants served as controls. 

(b) 

On 27 April about 150 sheep were turned into the pasture by the 
owner. The following observations were made biweekly (if appli- 
cable): (1) whether the woad plant was grazed; (2) lengths and 
widths of leaves remaining on the grazed plants (including peti- 
oles); (3) rosette diameter; (4) basal diameter; (5) number of rosette 
leaves; (6) number of fruits per plant; (7) fruit weight per 100 fruits; 
(8) mortality of individuals; and (9) phenophase. 

With the exception of phenology, mortality, and reproductive 
variables (6 through 9), measurements of all other variables were 
discontinued after 20 May 1984 due to cessation of grazing by 
sheep on dyers woad. 

A random set of 30 control plants was destructively sampled on 
18 May 1984 to establish regression relationships between leaf area 
and leaf weight, and stalk height to stalk weight at the end of the 
utilization period. Regression analysis was also used to evaluate 
the relationship between degree of sheep utilization and various 
size characteristics of dyers woad. A chi-square test of independ- 
ence (Steel and Torrie 1980) was used to determine the effect of 
grazing on mortality and percent flowering of dyers woad. 

27-April 15-June 12-act 

18-May I3-Aug 

Dm.- Dormancy L.G. -Leaf Growth 

S.G.-Stem Growth FI.- Flowering 

S.D.-Seed Development D.- Death 

Phenology 

Results 

Fig. 1. Percentages of marked, unclipped dyers woadpopulations, at the 
site of the clipping study (a) and at the site of the utilization study (b), in 
variousphenological stages during spring, summer andfall of 1984. n = 
30 in both cases. 

Figure 1 shows that while overall phenological development of 
dyers woad during 1984 was similar at both the clipping and 
utilization study sites, unutilized controls began flowering earlier 

in the sheep pasture. Since it required a week to record data at each 
site, data collection at the utilization study site lagged by 1 week. 
These phenological progressions were also similar to earlier multi- 
year responses presented in Farah et al. (1988). Dyers woad plants 
had started vegetative growth by 16 April 1984, less than 1 week 
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Table 1. Fruit production by dyers woad pbntr clipped during the spring of 1984 at varying intcmitia and freqncncia. 

Treatment Intensity 

Control 
60% 
60% 
609% 
6% 
90% 
90% 
90% 
90% 

Number of 
Clippings 
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: 
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4 

Original Sample Number of Plants Mean Fruit 

(# o&nts) 
that Production per 

Fruited Plant 

30 
31 

; 237 
223 
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Effects of Time of Clipping 

1984 
A set of previously unclipped plants was clipped only once at 

90% intensity to determine if there was a time at which dyers woad 
was susceptible to a single, severe clipping. In order to achieve 
significant mortality over those of the controls, plants had to be 
clipped at 90% intensity no earlier than 23 May (Fig. 5). Single 90% 
clippings prior to this time did not significantly affect mortality of 
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Fig. 5. Effect of time of chppbtg on mean cumulative percent mortality of 
dyers wood during 1984 (a) and during 1984 and 1985 combined (b). 
Plants were clipped to remove 90% of abovegroundphytomoss. n = 30 
plants. Bars with different letters are signafkantly different at an Q level 
of 0.05. 

dyers woad. A single heavy clipping also resulted in signifkant 
reductions in percent flowering only when plants were clipped on 
or after 23 May (Fig. 6). A contrast between Figures 6a and b 
shows that clipping after 7 May delayed flowering of some plants 
by 1 year. 

Pig. 4. Effect of multiple clipping at 2 intensities (60% = low; 90% = high) Date of clipping affected total fruit production of treated plants. 
on mean comtdativepercentflowering of dyers woad during 1984 (c)and Fruit production of plants clipped on 7 May and those clipped on 
during 1984 and 1985 combined(b). n = 3Oplantsat the beginning of the 
experiment. Bars with different letters are significantly dfferent at an a 

23 May were, respectively, 42% and 23% of the controls. As in the 

level of 0.05. 
multiple clipping treatment, fruit production did not significantly 
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Fig. 6. Effect of time of clipping on mean cumularivepercentji’owering of 
dyers woad during 1984 (a) and during 1984 and 198.5 combined. (b). 
Intensity of clipping and sample size are the same as in Fig. 5. Bars with 
di/ferenr letters are sign@anrly dgferent at an Q level of 0.05. 

decline on a per plant basis (data not shown) and fruit weights were 
not affected by the time of clipping (data not shown). We have 
shown elsewhere (Farah et al. 1988) that achieving reductions in 
seed production of woad are crucial for its control since seed 
dormancy is minimal and only about 3% of the seedlings reach 
maturity. 

A combined analysis (data not shown) of multiple and single 
clipping showed that a single late clipping at 90% intensity resulted 
in similar mortality and flowering responses as multiple clipping. 
Most importantly, the effects associated with clipping 4 times 
could not be distinguished from clipping once in mid June. 

Utilization Study 
To determine whether the timing and intensity of clippings were 

realistic, we monitored utilization of dyers woad by sheep on a 
nearby pasture. From 27 April until 18 May, only 48 out of 300 
marked dyers woad plants (16%) showed signs of utilization. Utili- 
zation of individually grazed plants ranged from 18 to 2970, with an 
average of 39% of the above-ground tissue removed. This level of 
utilization did not significantly affect mortality, percent flowering, 
mean fruit production, or fruit weights (Table 2). The basal diame- 
ters and rosette diameters of grazed plants were greater than those 
of ungrazed plants (Table 2), which indicates that animals were 
selecting larger plants. The utilization study ended after 18 May, 
before the end of the growing season, because sheep switched their 
preferences to other forages entirely. Avoidance of dyers woad 
occurs at the time of maximum flowering stalk growth. 

Discussion 

As with many other cool-season range plant species in the tem- 
perate zones (Jameson 1963, Caldwell 1984), clipping damaged 
dyers woad more severely when it occurred later in the spring. In a 
single, aboveground clipping in a previous study conducted near 
our site (Fuller 1985), mortality increased and flowering decreased 
when a single above-ground clipping occurred on 25 June instead 
of 1 May 1982. Results from the treatments involving multiple and 
single clippings reported here indicate that clipping plants on or 
after 23 May (time of peak bloom) increased mortality and reduced 
flowering. Before this date, clipping 90% of aboveground phyto- 
mass twice, at bi-weekly intervals, did not affect survivorship or 
reproductive capacity. Fuller (1985) found that to significantly 
reduce flowering capacity and increase mortality before 23 May, 
dyers woads had to be clipped 5 cm below the ground surface. This 
suggests dyers woad damaged by clipping or grazing regenerates by 
activation of buds on the root crown and upper roots beyond the 
reach of sheep. 

Casually managed sheep had little affect on mortality or seed 
production of dyers woad in the instance we monitored. Sheep 
there did not voluntarily utilize great amounts of dyers woad, even 
though the range was in poor condition. 

The intensity and timing of grazing needed to significantly affect 
the mortality and reproductive capacity of dyers woad at our 
clipping site in good condition would probably result in substantial 
range deterioration because livestock prefer other, more desirable 
native forage species during the same period, and these other 
species are very susceptible to grazing damage at that time (West 
1983). 

More host-specific biological agents should be examined for use 
in controlling dyers woad. Unless there are some successes in using 
the rust (Puccinia rhluspeos) (Daines 1988), dyers woad will prob- 
ably continue to increase in density on infested sites and spread 
more widely in the Intermountain West. 
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Table 2. Percent mortality, percent flower& mean fruit production per plant, fruit wdghtr at the end of the 1984 vowing eeeeon (n40). Mean bwl 
diuneter, mean roeette diemeter for grazed end ungrezed dym word plate on 18 May 1984 (~22). Stenderd errors or 9596 confidence limite, where 
8pproprirte, ue rbown III p8renthes. 

Treatments 

Ungraxed 
Grazed 
95% confidence 

intervals 

Percent 
Mortality 

25 
19 

Percent 
Flowering 

49 
51 

Fruit Fruit Weight 
Number (g/ 100 fruits) 

215 .334 

240 .351 
(143, 311) (.311, .391) 

Basal Diameter Rosette Diameter 
(cm) (cm) 

.34(.02) 8.71(.42) 

.47(.04) 11.03(.52) 
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