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availability, and purpose of oak clearing. 

Chemical Control 

Several herbicides utilizing foliagt 
spray and basal stem and soil application 
provide practical means of eliminating 
Gambel oak in spot treatment. Herblcldal 
control trials reported in Table 1 were 
carried out since 1968 on Brigham Young 
University Farm near Spanish Fork, Utah. 
The study site containing Gambel oak in 
mattes comprised a west slope with silt 
loam soil receiving 15 inches average 
annual precipitation. 

The 1 lb picloram-2 lb of silvex (or 
2,4,5-T) was the only single-application 
foliage spray that gave effective control 
of mature Gambel oak. This apparent 
synergic effect was in contrast with pic- 
loran or silvex applied separately, neither 
of which adequately controlled the Gam- 
be1 oak. Application of two pounds of 
silvex per acre in each of 2 successive 
years gave up to 90% top kill but only SO 
to 75% plant kill. Although picloram- 
2,4,5-T mixtures were not applied to 
mature plants, use at 112 lb/acre ratio in 
related studies with oak sprouts and 
saplings suggested it would probably be as 
effective as the picloram-silvex mixture at 
equivalent rates. Some maintenance con- 
trol in subsequent years following foliage 
aoolication of herbicides may be re- __ 
quired. 

When applied as a basal stem spray to 
stems up to 6 inches in diameter, 2,4,5-T, 
silvex, and picloram were all very effec- 
tive, but AMS was ineffective. Plants 
basally sprayed with bromacil went 
through a series of leaf drops; but after 
three growing seasons, most stems in the 
mattes treated were apparently dead. In 
the basal stem application, an attempt 
was made to saturate the lower 15 inches 
of each stem. Apparently, silvex, pic- 
loran, and bromacil applied basally was 
readily translocated through roots of 
Gambel oak, since stems located in excess 
of ten feet on the uphill side of study 
plots were killed. This plus the evidence 
that most stems in a Gambel oak matte 
underground root system, indicates it 
may not be necessary to treat all stems in 
mot& with marked boundaries. 

Temporary soil sterilization with pic- 
loram granules at 4 lb a.e./acre provided 
another effective means of killing Gambel 
oak by spot treatment. However, this 
method requires adequate rainfall to car- 
ry the herbicide into the soil. When 
applied in late spring prior to a drought 
year, apparent herbicidal effects were 
delayed up to 15 months. 

Mechanical Control 

Gambel oak on deep soil sites can also 
be eliminated by intensive mechanical 
methods. Bulldozing followed by root 
raking to remove underground plant parts 

I. 

capable of sprouting is an effective ment following top removal will generally 
approach. Mashing and burning followed be required. Since Gambel oak commonly 
by root raking can also be used. Where occurs on heterogenous soils of varying 
shallow or rocky soils prevent roots being soil depth and rockiness, plowing with a 
combed from the soil, herbicidal treat- sweep-blade rootplow is seldom practical. 

Musk Thistle (Carduus nutans): 
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Musk or nodding thistle (Carduus 
nutam L.), a plant native to Europe and 
Asia, is now widely established on west- 
ern ranges. This thistle was introduced 
over 75 yeas ago into the eastern United 
States, where it apparently is not a serious 
problem. Though this plant has been 
sparingly established on midwestern and 
western ranges for a long time, only 
recently has it increased, become a prob- 
lem, and been declared a noxious weed 
(Higgins, 1966; Furrer and McCarty, 
1966; Nilson, 1969; Alley and Lee, 1969; 
Holmgren and Andersen, 1970; Jensen, 
1970). 

Description and Growth Characteristics 

Musk thistle is a vigorous, aggressive 
plant with large, showy, purple flowers. 
Terminal heads are born singly on a 
relatively leaf-free stem and are usually at 
right angles to the stem. Lower down, the 
stem has clasping, spiny leaves. The stout, 
spiny, spreading involucre distinguishes 
this plant from other thistles. Plants are 
normally about 36 inches tall and have 10 
to 100 seedheads, but they vary greatly in 

sire with site and growing conditions. In 
southeastern Idaho, plants growing in a 
good stand of native vegetation varied 
from 8 to 40 inches (20 to 102 cm) in 
height and had from 1 to 40 or more 
heads. A single thistle was growing a few 
feet away on the edge of a wheat field 
with little plant competition. It was 6 
feet (1.8 m) tall and widely branched and 
had 643 seedheads (Fig. 1). 

Musk thistle is a biennial or winter 
annual in that it forms a rosette in spring, 
late summer, OI fall and then develops 
flowers and seeds the next year (McCarty 
and Scifres, 1966). Flowers and seeds are 
produced over a long period. Seed pro- 
duction begins with the maturing of the 
first flowers in June and continues as 
later flowers mature until after fall frost 
(Fig. 2). The seeds or achenes are 
attached to plumes or plume bristles and 
can be carried long distances, primarily 
by wind and to a lesser extent by water, 
animals, machinery, and vehicles (Fig. 3). 

Musk thistle is an abundant seed pro- 
ducer. Ten large terminal seedheads from 
plants in southern Idaho, northern Utah, 
and western Wyoming had an average of 



535 seeds; one large head had 752. Ten 
smaller heads midway up the stem aver- 
aged 298 seeds. Assuming 40 heads per 
plant and 400 seeds per head, this is 
16,000 seeds per plant. Seeds collected in 
Idaho, Utah, and Wyoming in September 
1972 averaged 81% germination when 
placed in moist sand in the greenhouse. 
Most seeds germinate readily, but some 
remain dormant in the soil for 4 or more 
years (Higgins, 1966). 

Adaptation 

Musk thistle has a wide range of 
adaptation. It grows from sea level to 
about R,OOO-foot (2,438 m) elevation and 
on soils that range from saline in the 
valley to acidic in the mountains. Thistle 
plants at 7,000.foot (2,134 m) elevation 
in the spruce-fir zone in western Wyoming 
were vigorous with over 50 large flower 
heads per plant. Musk thistle also grows 
and produces viable seed in areas with as 
little as 10 inches (25 cm) of annual 
rainfall. 

Because musk thistle is a biennial and 
does not resprout, plants may be easily 
killed by cultivation and also controlled 
by mowing; hence, it is not a major 
problem on either dry or irrigated crop- 
land. It is spreading fastest and is most 
abundant along roadsides, fencelines, and 
areas with poor stands of vegetation. 
Though musk thistle plants are larger and 
more vigorous where there is little plant 
competition, musk thistle plants are also 

spreading and growing well in good native 
and seeded ranges, irrigated pastures, and 
in wet meadows with dense stands of 
grasses, rushes, and sedges (Fig. 4). 

Control Methods 
Musk thistle is relatively easy to con- 

trol with herbicides. One pound of 2,4-D 
(2,4-dichlorophenoxyacetic acid) mixed 
with l/2 pound of dicamba (3,6- 

dicholoro-o-anisic acid) in 30 gal of water 
per acre gives excellent control. Although 
not registered, a mixture of 2,4-D and 
picloram (4-amino-3, 5,6- 
trichloropicolinic acid), mixed as above, 
is also effective in controlling musk thistle 
(Jensen, 1970).’ Picloram beads are easy 
to use and are effective on small patches 
or isolated plants. Herbicide treatments 
may be applied in spring or fall when 
plants are in the rosette stage and most 
certainly before the flower heads begin to 
form. 

Individual plants may be cut below 
the crown at any time. If cut plants have 
flower heads, these should be burned or 
otherwise destroyed so that the seeds will 
not mature. The possibility of biological 
control with insects is being investigated, 
and hopefully this method will have 
promise. 

Is Control Feasible and Desirable? 

A survey was made of the western 
states and some midwestern states where 
musk thistle poses a problem. In addition, 
30 counties in Idaho, Utah, and Wyoming 
were asked to survey their musk thistle 
infestations. All of the county extension 
workers who replied, most state workers. 
and published reports indicate that musk 
thistle is a problem and that control 
should be undertaken immediately while 
infestations are small (Furrer and 
McCarty, 1966; Higgins, 1966; Nilson, 



1969; Alley and Lee, 1969; and Jensen, 
1970). To let musk thistle grow in waste 
places and on watershed lands will furnish. 
seeds to infest pastures, meadows, and 
rangelands where it reduces the amount 
of forage available and hinders the move- 
ment of grazing animals. Also, most 
people do not like its sharp spines on 
picnic and camping areas. 

The best way to prevent or reduce the 
amount of musk thistle is to deny it a 
suitable habitat. Therefore, areas that are 
susceptible to invasion by musk thistle or 
from which musk thistle has been eradi- 
cated should be treated or managed so 
that they will grow good stands of vegeta- 
tion that will prevent or at least slow 
down reinvasion of this and other unde- 
sirable plants. 

After an area has been treated and all 

thistle plants have apparently been killed 
and the land has been revegetated, con- 
trol methods must be continued for 
plants that were missed, plants from seeds 
that were in the soil, and reinvading 
plants from seed from adjacent areas. 
Successful weed control is not a once- 
over treatment. It can be achieved only 
with follow-up to prevent reinfestation. 
Because this plant is a prolific seed 
producer and the seeds can be carried 
long distances, control should be simul- 
taneous on all lands, both public and 
private. 

Some Utah ranchers with large infesta- 
tions of musk thistle on rangelands have 
been able to control the plant. However, 
because their lands have recurrent infesta- 
tions from adjacent lands, they practice 
recontrol on a continuing basis. 
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Grazing Systems: A Least Cost Alternative to Proper 

Management of the Public Lands 

Is economics research in range re- 
sources effectively meeting the needs of 
the public land administrator in decision 
making? I contend it is not, and I hope 
my comments will stimulate some of my 
fellow economists to expand their views 
and efforts in research in this field. 

I start with an hypothesis that has not 
been empirically tested. We who support 
the hypothesis do so only on the basis of 
visual analyses and gut feelings that we 
are right. Our hypothesis is that properly 
designed grazing systems on public range- 
lands suitable for livestock use are the 
least cost alternative of meeting many of 
the major objectives and responsibilities 
of public land management agencies. 

In this day of the environmental move- 
ment we hear many criticisms of the 
economist, his economic tools, and the 

concept of progress and profit at the 
alluded-to degradation of the environ- 
ment and the quality of life. A recent 
New Yorker cartoon had this caption, “I 
guess we have to pay for the higher 
standard of living by a lower quality of 
life.” 

It is common to hear such statements 
as: “On a purely cost-benefit basis it just 
wouldn’t pay to save planet Earth” 
(Maurice Strong); “The Planet is perishing 
on prescriptions written only to serve the 
cash register” (Russel Train); and “Eco- 
nomic success may result in social, envi- 
ronmental, and ecological collapse” 
(Barkley and Leakler). 

One economist, in all seriousness, once 
asked me, “Why worry about erosion? If 
it doesn’t pay to stop it, let it erode.” I 
think there is much in this response that 
points up the problem. Economists are 
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invariably trained in economic analysis 
developed to guide decisions in the pri- 
vate sector of the economy. They have 
effective tools to evaluate costs and re- 
turns to the businessman or rancher as 
long as values can easily be put in dollar 
terms. However, too often they fail to 
consider long-range social costs or conse- 
quences of man’s activities, and they give 
only lip service to those non-market 
benefits and disbenefits that might 
result. 

For decision making in management of 
public resources we must abandon exclu- 
sive reliance on economic tools designed 
primarily for the private sector. Instead 
we must utilize tools capable of guiding 
public decisions aimed at achieving multi- 
ple objectives, some of which will be 
subjective in nature. 
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