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Highlight 

Removing 40, 70, and 100% of the foliage of tall blue- 
bell plants for 4 consecutive years significantly reduced 
production, height, and stem number. Clipping during 
flowering and fruiting damaged plants more than treat- 
ment before flowering. Grazing systems for tall bluebell 
ranges should allow for deferment every two or three years 
to enable plants to maintain vigor and high production. 

Tall bluebell (Mertensia arixonica var. leonar- 
diij3 is one of the major forbs in aspen and subal- 
pine herbaceous ranges in Utah and surrounding 
States (Houston, 1954; Ellison, 1954). It produces 
abundant succulent foliage and is highly palatable 
to both sheep and cattle (U.S. Forest Service, 1937; 
Matthews and Conrad, 1968). In spite of its high 
palatability, tall bluebell sometimes forms almost 
pure stands in areas that originally had a mixed- 
forb community. It matures by midsummer and 
dries rapidly; thus becoming useless as forage. 
This occurs even earlier in areas dominated by 
tall bluebell. However, tall bluebell’s successional 
status in the plant community and the effects of 
different seasons and intensities on this valuable 
forage species are not clear. 

This study was undertaken to obtain background 
information to use in designing grazing systems for 
ranges containing tall bluebell. The objectives 
were to determine: (1) the effect of different levels 
and times of foliage removal on herbage produc- 
tion, number of stems, and stem height of tall 
bluebell; and (2) if tall bluebell in essentially 
pure stands reacts differently to foliage removal 
than tall bluebell in a mixture with other forbs 
and grasses. 

To meet our objectives, we studied the effect 
of 4 successive years of foliage removal on the 
growth and vigor of tall bluebell. We used clip- 
ping because it has proven to be a satisfactory, con- 
trolled method for studying the effects of known 
amounts of foliage removal. This was pointed out 
by Jameson (1963), in a review of clipping studies 

l Received October 7, 1968; accepted for publication Decem- 
ber 21, 1968. 

2 Headquarters at Ogden, Utah. Authors stationed at Fores- 
try Sciences Laboratory, maintained in cooperation with 
Utah State University, Logan, Utah. 

3 Nomenclature of plants follows Holmgren and Reveal 
(1966). 

in which he compared the advantages and disad- 
vantages of the clippin, u and grazing methods of 
foliage removal for study purposes. 

Study Area and Treatments 

The study was conducted on the Mud Creek Sheep allot- 
ment, which is about 25 miles southeast of Heber, Utah, 
on the Uinta National Forest. The two study sites on the 
allotment are at an elevation of about 8,300 feet, both in 
openings within aspen forests. One site has a relatively 
pure stand of tall bluebell; the other has a mixed-forb 
community. Total production on the bluebell site is ap- 
proximately 2,200 pounds per acre (air dry) of which tall 
bluebell makes up about 70%. On the mixed-forb site, 
production is about 2,800 pounds per acre, 50% of which 
is tall bluebell and 25% is white polemonium (Polemonium 
foliosissimum). Tall bluebell plants at the bluebell site 
are considerably larger in diameter and have more stems 
than those at the mixed-forb site. 

Soils at both sites are approximately 5 feet deep with 
well-developed silt loam A horizons and clay or clay loam 
B horizons. The vegetation and soils of both sites have 
been described in detail by Matthews and Conrad (1968). 

Treatments of tall bluebell plants consisted of four clip- 
ping intensities and an untreated check at each of three 
phenological stages with four replications at each site. 
Phenological stage (date) and clipping intensity were as- 
signed at random to each of the 60 plants at each site. The 
treatments, which were started in 1963 and continued on 
the same plants through 1966, were: (1) 40% foliage re- 
moval (by weight); (2) 70% foliage removal; (3) 100% foli- 
age removal: (4) lodge or simulated trampling; and (5) un- 
clipped check. 

The amount of foliage removed was the specified per- 
centage of the production at the time of clipping and not 
of the total for that year. The 40% treatment removed the 
top half of the stems, simulating the way sheep utilize this 
species under “moderate” grazing. The 70% treatment was 
the same except that all the leaves on the lower half of 
the stem were also removed. This treatment simulates the 
way plants are utilized under “heavy” grazing. Stems were 
clipped at ground level for the 100% treatment. The lodg- 
ing treatment was an attempt to simulate trampling damage 
by a band of sheep and consisted of flattening the stems by 
hand. This merely bent some stems and broke others, 
thereby imposing a partial clipping treatment. 

The approximate date of each clipping was determined 
by height and phenological development of the unclipped 
check plants as shown below. 

Average height of 
Time of clipping Phenological stage check plants (inch) 

Early June Early growth 7-10 
Late June Early flowering 1 S-20 
Early July Fruiting-full height 20-28 

The first clipping was done 9 to 17 days after snowmelt. 
Because of slight variations in plant development, actual 
dates of clipping ranged from June 6-15, June 20-28, and 
July 7-10 between 1963 and 1965. In 1966, clipping was 
done about 2 weeks earlier at all three phenological stages 
because growth started sooner as a result of an early snow- 
melt. However, plant growth was reduced because frost 
and low precipitation followed the early snowmelt. Mature 
check plants attained a height of only 14 inches in 1966. 
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FIG. 1. Average weight of treated tall bluebell plants expressed 
as a percentage of the average weight of the 12 check plants 
at the bluebell site. 

The total production of all clipped plants was determined 
each year by adding the air-dry weight of foliage removed, 
the estimated amount of foliage remaining, and regrowth 
estimated 2 to 3 weeks after the third clipping date. Total 
production of the check and “lodge” plants was estimated 
at the third clipping date. 

In 1967, after 4 successive years of clipping, height and 
stage of development were observed weekly and all plants 
were allowed to grow to maturity. Production, number of 

stems, and average stem height were determined for each 
plant in late July after seed was shed but before the plants 
dried. To determine production, half of the plants at each 
site (two replications) were clipped at ground level and 
dried. Production of the remaining plants was estimated. 

Independent analyses of variance were done for produc- 
tion, height, and stem number in 1967 with clipping treat- 
ment and phenological stage at time of clipping as fixed 
effects in a randomized design. Inclusion of clipped and 
estimated weights in a single analysis might have introduced 
some bias but the differences between treatments were so 
great that the bias probably was minimal. 

At the bluebell site, the underground plant crowns and 
major roots of the clipped plants were excavated. Carbo- 
hydrate content of the crowns was determined by the acid 
hydrolysis method.4 

Results 

Herbage Production 

At both sites, herbage production was signifi- 
cantly5 reduced in 1967, as a result of 4 successive 
years of clipping (Tables 1 and 2). In most in- 
stances, foliage removal during the growth stage 
was less damaging than clipping when plants were 
flowering and fruiting. For example, at the blue- 
bell site the plants clipped 100% during the growth 
stage produced only 18% as much herbage in 1967 
as the unclipped check plants in 1967, while those 
clipped at the flowering and fruiting stages pro- 
duced only 3 and 5y0 of the check, respectively 
(Fig. 1). 

In 1967, five plants at the bluebell site and one 
plant at the mixed-forb site were dead. These had 
been clipped at either 100 or 7070 during the 
flowering and fruiting stages. 

Lodging during the growth stage did not sig- 
nificantly reduce herbage production because the 
stems when flattened were merely bent and in a 
few days they straightened up and grew normally. 
Lodging during the flowering and fruiting stages 
significantly lowered herbage production but the 
reduction was not as great as clipping during the 
same stages. This could be explained by the fact 
that the succulent stems (containing 85-90% water) 
become brittle as they increase in diameter; thus 
many of them broke when lodged during the flow- 
ering and fruiting stages. 

Number and Average Height of Stems 

The 100, 70, and 40% clipping treatments sig- 
nificantly reduced stem number and height at all 
three stages (Tables 1 and 2). However, the effect 
on stem number and height was not so pronounced 
as the reduced herbage production by the same 

4McDonough, Walter T. Carbohydrate reserves in Merten- 
sia arizonica as related to growth, temperature, and clip- 
ping treatments. Manuscript in preparation. 

5 In this paper the term “significant” refers to the 5% level 
of probability and “highly significant” refers to the 1% 
level. 
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Table 1. Effect on tall bluebell in 1967 after 4 years of 
clipping treatments. 

Bluebell site Mixed-forb site 

*vg Stem 
Time and dry wt 

*vg Stem 
height dry wt 

(g) Stems (inch) 
height 

treatment (g) Stems (inch) 

Growth stage 
None1 1862 92 26 106 54 25 
Lodge 256” 122 28 69 48 22 
40% 58 53 21 15 20 15 
70% 72 53 22 13 20 14 

100% 34 38 15 8 15 13 

Flowering stage 
Lodge 84 62 22 28 42 18 
40% 36 41 16 8 19 13 
70% 8 21 8 12 16 10 

100% 6 12 9 1 3 7 

Fruiting stage 
Lodge 80 82 18 61 45 24 
40% 67 74 18 24 32 18 
70% 4 6 6 6 12 14 

100% 10 10 7 4 14 10 

1 Check plants were not treated. 
2 Figures for check plants are averages from 12 plants. 
3 Figures for treated plants are averages from four plants. 

treatments. For example, on the bluebell site the 
100% clipping treatment at the flowering stage re- 
duced herbage production in 1967 to only 3% of 
the check in 1967 (Fig. 1). But number of stems 
and stem height were 13 and 35y0 of check, respec- 
tively. 

Flowering 

Reduction in vigor, which was reflected by a 
reduction in herbage production, number of stems, 
and stem height, also delayed development and re- 
duced flower and fruit production in 1967 even 
though plants were allowed to grow to maturity. 

Table 2. Results of multiple range tests comparing the 
average1 dry weight, number of stems, and stem height 
of tall bluebell plants at the two study sites in 1967. 

Bluebell site Mixed-forb site 

*vg Stem *vg Stem 

Treatment 
dry wt height dry wt height 

(g) Stems (inch) (g) Stems (inch) 

None2 3186a 92c 26e 106 54” 25 
Lodge 140a 89c 23~ 53 45’1 21 
40% clipping 54b 56 18 16s 24i 15k 
70% clipping 28h 27” 12f 109 16ij 13kl 

100% clipping 17b 20d 10f 4g llj 10’ 

1 Averages of 12 plants with the same treatment at all three dates. 
2 Check plants were not treated. 
3 Within each column, means followed by a common letter are 

not significantly different at the 50/, level as determined by 
the multiple range test (Duncan, 1955). 

Almost all (80 to 100%) of the stems of the check 
and lodged plants produced flowers and most of 
these stems produced some fruit. All plants clipped 
during the growth stage and plants clipped at the 
40% level at the flowering and fruiting stages 
started flowering 1 to 2 weeks later than the check 
plants in 1967; only 50 to 80% of the stems on 
these plants produced flowers. Most of the plants 
clipped at 70 and 100% during the flowering and 
fruiting stages produced only basal leaves (Fig. 2). 
The few stems of these plants that did flower did 
so 2 to 3 weeks later than the check plants. 

Relation Between Treatment and Carbohydrate Content 

The amount of stored carbohydrates was highly 
significantly correlated (r = +.64, df = 28) with 
amount of herbage production in 1967. Whether 
this degree of correlation is biologically important 
is not known and further study is needed. Except 
for those plants clipped at the 100% level, the 

FK. 2. Growth of representative clipped and unclipped tall bluebell plants at the bluebell site in 1967. Plants with 70 and 40y0 of their 
foliage removed in early flowering stage for 4 consecutive years produced only 4 and 43 grams of air-dry herbage, respectively, com- 
pared with 126 grams produced by the unclipped check plant. The 70% plant produced only basal leaves and no flowering stems. 
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FIG. 3. Carbohydrate content of plant crowns in 196’7 of treated 
and untreated tall bluebell plants. 

plants clipped during the growth stage had the 
lowest levels of stored carbohydrates (Fig. 3). 

The amount of stored carbohydrates at the time 
of foliage removal may influence the relative dam- 
age to the plant (Jameson, 1963). A recent study 
by McDonough” on tall bluebell in the study area 
indicated that carbohydrate in the crown reaches 
a low when the plant is in the early- to mid-period 
of vegetative growth before the start of flowering. 
Carbohydrate levels then build up slowly until 
the end of fruiting. 

Based on McDonough’s findings, clipping during 
early growth the first year was done when carbo- 
hydrates were decreasing, clipping during flower- 
ing was done when carbohydrates were increasing 
slightly but were still at a low level, and clipping 
during fruiting was done when carbohydrate levels 
had built back to a relatively high point. This 
would indicate that carbohydrate levels at the 
time of clipping were not closely correlated with 
response to clipping because the flowering and 
fruiting stages were the most damaging to tall blue- 
bell. However, the treatments had the effect of 
progressively delaying growth and development 
compared with unclipped check plants as years of 
treatment increased. Thus the exact time of clip- 
ping in relation to the carbohydrate cycle for the 
clipped plants is not known for the last 2 or 3 
years of the study. 

Summary and Conclusions 

Moderate use (40% clipping) of the bluebell 
herbage for 4 consecutive years reduced its poten- 
tial to produce herbage. However, the plants with 
40% of their foliage removed maintained a rela- 

G See footnote 4. 

tively constant level of production during the last 
3 years of the study. It appears that 40% foliage 
removal by grazing every year would reduce the 
total productivity of a tall bluebell range but prob- 
ably would not eliminate tall bluebell from the 
community. Heavy use (70 to 100% clipping) was 
much more damaging and actually killed some 
plants. Consistent heavy use over a long period, 
especially during flowering and fruiting, probably 
would severely reduce the amount of tall bluebell 
on the range or eliminate it entirely. 

Trampling or lodging of tall bluebell did little 
damage to the stems in the growth stage but did 
far more damage during flowering and fruiting 
stages. Actual trampling damage by sheep on the 
range also occurs mainly when plants are mature; 
thus management plans for tall bluebell ranges 
should be designed to minimize and allow for such 
damage as well as the amount of herbage actually 
eaten by sheep. 

Since our study has shown that tall bluebell was 
affected less by clipping in the growth stage than 
in the flowering and fruiting stages, the implica- 
tion is that early grazing would not be as damaging 
to tall bluebell as is commonly supposed by range 
managers. Grazing begins June 15 each year on 
the allotment where our study was conducted and 
on July 1 on most other sheep allotments in the 
vicinity. Grazing during the early growth stage 
(early June in most years) would not be as damag- 
ing to the plants as grazing in late June or early 
July each year. However, sheep do not eat a great 
deal of tall bluebell when they first arrive on the 
allotment. Instead they eat young, tender grass 
shoots for a short period and start eating large 
quantities of tall bluebell when the plants are 
about half grown (at the beginning of the flower- 
ing stage). Therefore, early grazing would not nec- 
essarily insure utilization of tall bluebell at the 
least damaging stage of growth. Other factors that 
might lead to excessive soil disturbance, such as 
high soil moisture, would also have to be con- 
sidered. 

Whether or not early grazing is considered, the 
best management of ranges containing tall bluebell 
would include a rotation system of grazing insur- 
ing use of plants at a different time each year. De- 
ferment from grazing until late summer in some 
years would be the equivalent of complete rest be- 
cause tall bluebell stems are dry and often pros- 
trate by late summer. In our study most of the 
plants clipped 4 successive years showed little re- 
covery of vigor when allowed to grow to maturity 
the fifth year. Therefore, grazing systems for tall 
bluebell ranges probably should allow for defer- 
ment or rest at more frequent intervals-every 2 
or 3 years-to allow plants to maintain vigor and 
high production. 
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ceive a”n average of 8 to 14 inches of precipitation annually, 
usually occur where the annual precipitation exceeds 10 
inches and on soils having medium moisture-holding ca- 
pacities. Conversion results were intermediate on coarse 
soils having low moisture-holding capacities and compara- 
tively poor on fine soils having high moisture-holding ca- 
pacities. Degree of grass establishment varied directly with 
the big sagebrush vigor-index. Grass production was lower 
on gravelly sites converted from black sagebrush than on 
nearby sites converted from big sagebrush. Cheatgrass hin- 
dered the establishment of crested wheatgrass in some 
places. Conversion results were poor on sites where grease- 
wood or shadscale was mixed with sagebrush. These halo- 
phytes had usually re-established on the treated sites. 

Several million acres of sagebrush, principally 
big sagebrush (Artemisia tridentata), in the West- 
ern United States have been plowed and seeded 
in attempts to produce more forage, reduce erosion, 
and control undesirable plants. Successful seedings 
have thus resulted in a more beneficial use of the 
limited precipitation in arid and semiarid regions. 
Large increases in forage on seeded areas in many 
cases has allowed improvement of nearby ranges 
by the reduction or deferment of grazing. Several 
million additional acres of sagebrush probably will 

l Publication authorized by the Director, U.S. Geological 
Survey. 

2This paper is part of a manuscript submitted by the senior 
author to the Watershed Management Department of the 
University of Arizona in partial fulfillment of the require- 
ments for the Master of Science Degree. Received October 
12, 1968; accepted for publication January 23, 1969. 

be converted to grassland within the next one or 
two decades. 

Other means besides plowing and seeding are 
sometimes suitable for improving the perennial 
grass cover of rang-elands. Spraying the sagebrush 
with 2,4-D to release native grasses is often success- 
ful. Other practices that may be effective are: (1) 
reduction or deferment of grazing, (2) changing 
the class of livestock, or (3) changing the season 
of use. 

Pechanec et al. (1965), Hull and Holmgren 
(1964), Hull et al. (1962), and Plummer et al. 
(1955) have all listed climatic, soil and plant- 
indicator criteria for selecting sagebrush areas suit- 
able for converting to a perennial grass range. 
Most of these authors also made recommendations 
on sagebrush elimination methods, seeding meth- 
ods, species to seed, and grazing management. 

This study conducted in cooperation with the 
1J.S. Bureau of Land Management in 1963 and 
1964 had two objectives. The main objective was 
to investigate the effects of annual precipitation, 
soil properties and cultural practices on crested 
wheatgrass (Agropyron desertorum) establishment 
in sagebrush regions of the Western United States 
that receive an average of 8 to 14 inches of precipi- 
tation annually. A related objective was to assess 
several species of sagebrush, occurring alone or 
mixed with associated shrubs, as indicators of the 
seeding potential of sites where they occur. 

The authors are greatly indebted to R. S. Aro 
who collected most of the plant data, helped with 
the interpretation of all the data, and offered sev- 
eral valuable suggestions on the organization of a 
preliminary report. The assistance of G. A. Tomp- 
kins in the field and laboratory is gratefully ac- 
knowledged. Cooperation of personnel of the Bu- 
reau of Land Management in providing records 
and information about the seedings is greatly ap- 
preciated as is their review of the preliminary 
report. 

Study Areas and Methods 

Forty-eight study sites were selected on 20 crested wheat- 
grass seedings in northern New Mexico, western Colorado, 
Utah, Wyoming, southwestern Idaho, southeastern Oregon, 


